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Abstract — Strains of bifidobacteria of human origiifidobacterium bifidum, B. breve, B. infan-

tis andB. longum)were inoculated simultaneously with mixed cultures of lactococci, citrate-
fermenting lactococci and leuconostocs to determine their impact on biochemical characteristics of
fermented dairy products. Fermentations were carried out under different conditions of tempera-
ture, milk protein concentration and ratio of acidifying/aromatic lactic acid bacteria. The survival or
growth of bifidobacteria during production of fermented milk was not affected by the presence of lac-
tic starters. On the other hand, the presence of bifidobacteria during the production of fermented
milk did not influence the growth of total lactococci, citrate-fermenting lactococci and leuconos-
tocs. The variation of the milk protein content did not modify the growth of bifidobacteria and
mixed-cultures of lactic starters. However, the presence of bifidobacteria changed the final charac-
teristic of the fermented milk. Residual lactose in fermented milks cont&@nlmgve B. bifidumand

B. infantiswas lower than that found in fermented milks without bifidobacteria and those containing
B. longum The fermented milks without bifidobacteria contained less acetaldehyde than those con-
taining bifidobacteria whereas the concentration of diacetyl was less important in the presence of bifi-
dobacteria. However, the ethanol concentration increased when bifidobacteria were used with mixed
cultures of lactococci, citrate-fermenting lactococci and leuconostocs. A temperature of 35 °C seems
to be desirable because it allows the growth of bifidobacteria without affecting in a drastic way the
growth and activity of leuconostocs and other lactic starters.

bifidobacteria / starter / leuconostoc / fermented milk / volatile compound

Résumé— Les caractéristiques biochimiques du lait fermenté par des cultures mixtes de
ferments lactiques et de bifidobactériesDes souches de bifidobactéries d’origine humaine
(Bifidobacterium breveB. longum B. infantiset B. bifidun) ont été inoculées simultanément avec

des cultures mixtes de lactocoques acidifiants, des lactocoques aromatiques et de leuconostocs afin
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de déterminer leur impact sur les caractéristiques de produits laitiers fermentés. Les fermentations ont
été réalisées sous différentes conditions de température, concentration protéique et rapports de bac-
téries lactiques acidifiantes et aromatiques. La croissance et la survie des bifidobactéries n'ont pas été
affectées par la présence des bactéries lactiques. D'autre part, la présence de bifidobactéries n'influence
pas la croissance des lactocoques acidifiants, des lactocoques aromatiques et des leuconostocs. La varia-
tion du contenu en protéines du lait n’affecte pas la croissance des bifidobactéries ou des cultures mixtes
de levains mésophiles. Toutefois, la présence de bifidobactéries modifie les caractéristiques finales
du lait fermenté. La teneur en lactose résiduel dans les laits fermentés cdhiténewe B. bifidum

etB. infantisest inférieure a celle retrouvée dans les laits fermentés sans la présence de bifidobactéries
ou ceux contenar®. longum Les laits fermentés produits en absence de bifidobactéries ont une
teneur plus faible en acétaldéhyde que ceux obtenus en présence de bifidobactéries tandis que la
concentration en diacétyle est moins importante en présence de bifidobactéries. Enfin, la concentration
en éthanol augmente lorsque les bifidobactéries sont utilisées en méme temps que des cultures mixtes
de lactocoques acidifiants, de lactocoques aromatiques et de leuconostocs. Une température de fabri-
cation de 35 °C semble désirable parce qu’elle permet la croissance des bifidobactéries sans affecter
dramatiquement la croissance et I'activité des bactéries lactiques.

bifidobactérie / levain lactique / leuconostoc / lait fermenté / composé volatil

1. INTRODUCTION Selection of probiotics can be based on
general microbiological criteria that refer
to safety, technology, performance and

During the last two or three decaOIeShealth benefits [15]. The technological

zgféngftieh;;/hebberigdﬂﬁﬁ] t%?ﬁg‘gg;gﬁspects for selection of strains should
y 9 nclude the following criteria: strains

microflora with live microbial adjuncts : -
L . claimed to be present in a product should
called probiotics [12]. Indeed, different pmd'survive in relat?vely high viaFt)JIe cell num-

ucts gqntamlrrg_probt;]otlc bacterlas?ayebers’ retain metabolic activity and provide
gained in popularity with consumers. Straingy o i o | organoleptic qualities [12]. For

of L_actobam_llus acidophilusndLacto- instanceBifidobacterium bifidum, B. breve,
bacillus casecomplex are well represented g infantisandB. longumwhich are species

in commercial probiotic products, followed isolated from humans can be used to pro-
by Bifidobacteriumspp. . animalis, yce fermented milks [12]. It has been estab-
B. bifidum, B. breve, B. infantiand jisheq that. breveandB. longumcould

B. longun), some other lactic acid bacteriagive up to 15 d at a level higher than
(lactococci, leuconostocs, enterococci) ang o6 cfu-g~Lin fermented milk made with
non-lactic acid bacteria (propiqnibacteria,mixed cultures ot.actococcus lactissp.
yeasts) [12, 15]. The consumption of thesgyciis andLc. lactis ssp.cremoris[22]. Sim-
micro-organisms may affect the composiy|grly  Bifidobacterium infantisand Bifi-

tion of indigenous microflora and may havegohacterium lacticell counts remained
several beneficial effects on human healtiyigher than 19cfu-g- after 3 months ripen-
such as the maintenance of a balanced florgyg in Cheddar cheese [4] and goat cheese
alleviation of lactose intolerance symptomsy1 1], respectively.

resistance to enteric pathogens, immune sys-

tem modulation, an antihypertensive effect During production of fermented prod-
as well as certain anti-carcinogenic effectsicts, bifidobacteria may be simultaneously
[5, 15]. added to the lactic starters. It is well-known
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that changes in the composition of the startesiromatic bacteria were obtained from Sanofi
could disturb the ecological system and leadSanofi Bio-industries Inc, Waukesha, WI).
to changes in the characteristics of the prodAn equal population of. lactisssp.lactis
uct [20]. For instance, fermented milks con-andL. lactis ssp.cremoriswas added to
taining bifidobacteria contained higherreach the population of acidifying bacteria
amounts of acetaldehyde, diacetyl andeeded for each ratio ¢4107 cfu-mL~1
ethanol [18, 26]. From a general point ofacidifying LAB for ratio 100:0%,
view, the impact of the addition of bifi- 3x10’ cfu-mL~1 acidifying LAB and
dobacteria on the kinetics of fermentationl x 10 cfu-mL~1 aromatic LAB for ratio
of lactic starters and their contribution t075:25% and 107 cfu-mL~! acidifying
the organoleptic qualities of the resultingLAB and 2x 10’ cfu-mL~1aromatic LAB
fermented product is little known in the lit- for ratio 50:50%).

erature.

The objective of the present experiment . .

was to evaluate the impact of the presence of 2-2- Fermented milk production

four species of bifidobacteria inoculated

simultaneously with lactic starters on bio- Skim milk was concentrated 3-fold by

chemical characteristics of fermented milk.ultrafiltration (UF) and frozen at —20 °C.

The impact of bifidobacteria under differ- Native phosphocaseinate (PPCN) retentate

ent fermentation temperatures (30 °C andvas obtained by microfiltration of skim milk

35 °C to stimulate respectively lactic starterg9, 19] to a concentration factor of4ising

and bifidobacteria), milk protein concen-a pilot cross-flow microfiltration unit (Alfa-

trations (to increase cell growth due to proLaval MFS-7, Hojbjerg-Aarhus, Denmark)

tein buffer capacity) and ratio of acidify- equipped with 0.1um pore size and 1.44m

ing/aromatic starters was also taken irsurface area ceramic membranes (Mem-

account. bralox membrane; Société des Céramiques
Techniques, Tarbes, France) frozen at
—20 °C until its use. Milk, UF retentate,

2. MATERIALS AND METHODS PPCN and raw cream were analyzed to
_ determine the percentage of total proteins
2.1. Bacterial cultures and fat content of each component using a

Dairylab 2 (Multispec Limited, Wheldrake,

Lyophilized cultures oBifidobacterium  York, England). The milk was standardized
bifidumR071,B. breveR070,B. infantis to 15% milk fat and 4.5, 5.5 or 6.5% pro-
R033 andB. longumR175 obtained from tein concentration. The standardized milk
Institut Rosell Inc. (Montreal, QC, Canada)was heated to 50 °C and homogenized
were used to produce fermented milk. Th€Rannie homogenizer, Copenhagen, Den-
starter cultures used for fermented milk promark) under 300 bar. The milk was then
duction were composed of acidifyinigac-  pasteurized at 85 °C for 5 min in a culture
tococcus lactissp.lactisandLactococcus incubator (Laboratorium Wiesby GmbH &
lactis ssp.cremorig and aromaticl{acto- Co., Niebull, Germany) and rapidly cooled
coccus lactissp.lactisbiovardiacetylactis  down to 4 °C until it was inoculated. Before
andLeuconostoc mesenteroidesp.cre-  inoculation, the milk was heated to 30 or
moris) lactic acid bacteria (LAB). Com- 35 °C. The starter culture inoculum was
mercial lyophilized preparations of two adjusted to get a final level of approximately
cheese starters &ctococcus lactissp. 4 x 107 cfu.g-1for LAB and 1x 108 cfu.g~1
lactis Strain | and_c. lactisssp.cremoris for bifidobacteria. Five factors were stud-
Strain 1) were obtained from Institut Rosellied: 2 temperatures (30 or 35 °C), 3 ratios of
Inc., and frozen liquid preparations of LAB as described previously and 3 rates of
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milk protein concentration (4.5%; 5.5% and37 °C for 48 h under anaerobic conditions.
6.5%). Five different fermented milks wereViable counts of lactococci were enumer-
prepared for each factor studied: a controlated on M17 agar and enumeratiorLat-
inoculated strictly with the starter culturestococcus lactissp.lactis biovar diacety-
(according to 1 of the 3 ratio), and 4 experfactis was carried out on KMK medium
imental fermented milks inoculated with the[14]. Plates were incubated at 30 °C for
starter cultures and 1 of the bifidobacteria8 h under anaerobic conditions. Enumera-
strains B. bifidum B. infantis B. breve tion of Leuconostoc mesenteroidesp.cre-

or B. longun). The inoculated milks were moriswas done on MRSV medium [16],
then dispensed into 125 mL sterilized glassvhich was composed of MRS added with
containers taken off for each of the sam4.5% agar (sterilized at 121 °C for 15 min)
pling times (0, 2.5, 5, 7 and 9.5 h) and placednd 20 mgnL-! vancomycin (Sigma

in an incubator set at 30 or 35 °C. The ferChemical Co, Saint-Louis), which was filter-
mentation was allowed to take place forsterilized (0.45.m Filter, Millipore Bio-

9.5 h. process Division, Millipore Ltd, Ontario,
Canada). Viable counts were done by spread
plate, and the plates were incubated for 48 h
at 30 °C under aerobic conditions.

Portions (10 g) of fermented milk were  The b and titratable acidity of fermented
adjusted to 100 g by water containing 0.9%yiks were measured using a pH meter sys-
NaCl and 0.1% peptone and mixed with §em (model PHM84 and titrator TTT80,
Stomacher 400 laboratory blender (Sewarg adiometer, Copenhagen, Denmark) by
Medical Ltd, London, England). Subsequengqgition of 0.11 moL~:NaOH. Titratable
dilutions were made in deionized water CoNacidity was expressed as a percentage of
taining 1 gL~ peptone and 9-g~* NaCl.  |actic acid. Sugars and organic acids in fer-
Enumeration oB. mfar_ms B. breveo_r mented milks were measured by HPLC
B. longumwas done using CAB medium (gjo-Rad Laboratories, Richmond, CA)
(Columbia Agar Base, Becton Dickinson, sing g refractive index detector (Waters
Cock_eyswl!e, MD) supplemented with chromatography division, Mildford, MA)

5 gL~ raffinose (D_'ECO Laboratories, maijntained at 31 °C, a UV detector (Waters)
Detroit, Ml), 0.5 gL ™" L-cysteine-HCl ~ get at 210 nm and an 1on-300 column (Man-
(Slg_mla_ Chemical Co., St-Louis, MO), gg| Scientific Co., Rockwood, ON, Canada)
2 gL~="lithium chloride (Analcher_ma, Mon- gperated at 25 °C and at a flow rate of
tréal, QC, Canada) and d.g-sodium pro- .4 mLmin-L. The mobile phase was
pionate (American Chemical, Montréal, QC,q 02 molL-1H.SO.. The HPLC system was
Canada) to improve the selectivity of thecgjiprated be%cwe4en 0.75 and 1% ¢ for
RAF 5.1 agar [22]. Enumeration of |act0se, glucose, galactose, acetic acid and
B. bifidumwas also done using CAB |actic acid. A sample (1 g) of fermented milk
medium supplemented with 8.gtlactose \yas plended with 3 mL of 0.08 mblt
(BDH), 0.5 gL~* L-cysteine-HCl and the H,SO, and vortexed. The slurry was cen-
filter-sterilized NPNL solution (£%, trifuged at 805g for 30 min at 4 °C. The
Nalidixic acid, 15 mg; Neomycin sulphate, s pernatant was then filtered through a
100 mg; Paromomycin, 200 mg; LiCl, 3 9).0 45ym membrane filter (Millipore) into

The medium was adjusted to pH 5.1 angppendorf vials and stored at 4 °C in the
sterilized at 121 °C for 15 min. Viable ptq Injector (Bio-Rad).

counts of bifidobacteria were performed in

duplicate by pour-plating 1 or 0.1 mL of Volatile compounds were determined in
appropriate dilutions on the selectivesamples after adding 1 mL of 1 noi'sul-
medium RAF 5.1. Plates were incubated afuric acid to 2 g of fermented milk into 8-mL

2.3. Analytical methods
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headspace vials stored at —40 °C. Afteteuconostocs; 75:25% or 50:50%) without
thawing, 750 mg of (NB,SO, and 20 ppm the presence of bifidobacteria at one tem-
of internal standard (1-propanol, Aldrich perature (30 or 35 °C) and one content of
Chemical Company Inc., Milwaukee, WI) milk protein (4.5, 5.5 or 6.5%). The sub-
were added to each vial. Headspace analplots were randomly assigned levels of the
sis was carried out with a 19395A automatistrains of bifidobacteriaB. bifidum,
head space sampler connected to B. breve, B. infantiandB. longun) for a
5890 Series Il gas chromatograph equippediven day and the sub-subplots were sam-
with a flame ionization detector (Hewlett- pled during production of fermented milk
Packard (Canada) Ltd, Kirkland, QC, (0, 2.5, 5, 7, 9.5 h). Statistical analysis was
Canada). Volatiles were separated with @&arried out using the method of analysis of
fusedsilica capillary column (DB-Wax; 30 m variance (ANOVA), and only significant
x 0.32 mm i.d.x 0.5 um film thickness; interactions between the various factors
Chromatographic Specialties Inc., Brockville,already described are reported in this study.
ON, Canada). The column was conditioned'he experimental design was divided into
with He at 200 °C for 18 h prior to use. 2 blocks (2 repetitions). For each day of pro-
Chromatographic conditions were the fol-duction of fermented milk, one ratio of lactic
lowing: injector and detector temperatures astarters, one temperature of fermentation and
250 °C; carrier gas: He at 2.0 min%; N, one content of milk proteins were studied.
at 30 mL:min~tand a column split of 1:10. Multiple comparisons of LSD (least signifi-
The oven’s temperature was programmedant difference) were done by using the pro-
to rise gradually as follows: 35 °C for gram Genstat (Genstat 5 Release 3.1 (VAX/
12 min, and then rising to 150 °C at the rat&/ MS5), 1992, Lawes Agricultural Trust,
of 10 °Cmin~1, 150 °C for 5 min, rising to Rothamsted Experimental Station, the U.K.).
200 °C at the rate of 25 °@in~land The statistical significance w&s= 0.05.
remaining at the final temperature for
10 min. Calibration was carried out for
acetaldehyde, acetone, ethanol and diacetyl, 3. RESULTS AND DISCUSSION
and estimated using an integrator (Hewlett-
Packard). 3.1. Growth of bifidobacteria

and lactic starters

2.4. Experimental design

e . The growth of bifidobacteria during pro-
and statistical analysis

duction of fermented milk was mainly
affected by temperature (Fig.1). All the
A split-split-plot design was used in our experimental fermented milks were inocu-
experiment. Five factors were studied:lated simultaneously with lactic starters and
2 temperatures, 3 ratios of lactic starterdifidobacteria, except for control fermented
(acidifying vs. citrate-fermenting), 3 con- milks (without bifidobacteria). In Figure 1,
tents of milk proteins, 4 strains of bifi- no control was shown because bifidobacte-
dobacteria and 5 sampling times. The wholeia could not be enumerated in fermented
plots consisted of a factorial combinationmilks without bifidobacteria. Hence, each
of 3 factors: temperature, ratio of lacticvalue corresponds to the mean of viable
starters and content of milk proteins, whichcounts of each species of bifidobacteria
were fixed for a given day of the experi-obtained from those estimated at various
ment. Control on a given day was thugatios of lactic starters and content of milk
performed with mixed-cultures of lactic proteins (Figs. 1A and 1B).When fermented
starters (100% acidifying lactococci and 0%milk production was carried out at 30 °C,
of citrate-fermenting lactococci and no or slight increase of viable cells was
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9.0 content (by addition of PPCN) was observed
A for any strain of bifidobacteria or lactic
starters (results not shown). It was also
8.5  a observed that the survival or growth of bifi-
'_,f.///’* dobacteria during production of fermented
gjﬁ.ﬂzﬁfﬁ milk was not affected by the presence of
8Oy = i i '
— Lactococcus lactissp.lactisandLc. lactis

ssp.cremorisin combination or not with
Lactococcus lactissp.lactis biovardiacety-

;'z B lactis andLeuconostoc mesenteroidesp.
' B cremoris
/%’;i
%3‘// Hence, the production temperature of fer-
85 _—F mented milk was the main factor affecting
- v the growth of bifidobacteria. Since the opti-

=
S— —— mum temperature of growth of bifidobac-
8.0 R teria was 37 °C, a temperature of fermented
milk production of 35 °C could stimulate
75 - the growth of these bacteria. The popula-
00 20 40 60 80 100 tionofB. bifidum B.longumandB. breve
Time (h) inpreaseq by one lggcfu-gtin agreement
with previous results [7, 20]. The inhibition
Figure 1. Growth of bifidobacteria during man- Of the growth oB. infantisduring fermen-
ufacture of fermented milksAfj Fermented milk tation carried out at 35 °C could be
produced at 30 °CB) fermented milk produced explained by the decrease of pH below 6
at 35 °C; ©) fermented milk containin®ifi-  after 2.5 h of fermentation. Indeed, at a pH
?;Ei?];tgirf'iggbgg‘fgﬁf”'n)lgf]r&en(m.e)dfg:r']'q'égt%rg of 5.8, 8% of the acetate is present in a
: L PR undissociated form, which has an antago-
milk containingBifidobacterium bifidum(V) nistic effect on the growth of bifidobacte-

fermented milk containin@ifidobacterium ! - ) 7
infantis ria [17]. It is possible that the strain of

Figure 1.Croissance des bifidobactéries au cour- infantiswas more sensitive to the effect of
de la fabrication de laits fermentés) Lait fer- ~ PH than the other strains used in this study,
menté fabriqué a 30 °CBYJ lait fermenté fabri- which resulted in uncoupling between
qué a 35 °C ;@) lait fermenté contenaiiiifi-  growth and acid production [8]. Similar
gs)f%ageritum brel"e(') '(ait)fle'.rt”f‘emé Cto,”te”f‘m results were observed during the growth of
ifidobacterium longum(m) lait fermenté conte- : : :

nantBifidobacteriurngl bifidum (V) lait fermenté B. InfantlsATCC827920G _(Ilnqculated with

a rate of 1x 10° cfu-mL™) in a cream

contenanBifidobacterium infantis C - . 4
enriched with native phosphocaseinate [3].

Bifidobacteria (log cfu.g”) Bifidobacteria (log cfu.g™)

Figure 2 shows that the presence of bifi-

observed (less than 0.5 lggfu.g™) for all  dobacteria during the production of fer-
mented milk did not influence the growth

species of bifidobacteria (Fig. 1A). On the e .
o?her hand, during fermer(lteg millz produc-Of total lactococci (Fig. 2A) and citrate-fer-

. : o enting lactococcilc. lactisssp.lactis bio-
tion carried out at 35 °C, the number Ofr\?ar dacetylactig (Fig. 2B) because there

viable cells incrgased by approximately ong,as no difference between the mean of
log,,for the strains. breveB. longumand  yiaple counts estimated without the pres-
B. bifidumwhereas there was no growthence of bifidobacteria (control), for the
observed for th&. infantisstrain (Fig. 1B). various factors (ratio of lactic starters,
No significant effect of milk protein content of milk proteins, temperature of
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- 9.5 - 9.0
o A 2
5 9.0 & 85 /)!:,f;\”*
5 © . 4
_3’ 8.5 g‘ //
‘3 2 @
o 80
g 75 o __o——0—— 0
© K} -
-d
7.0 s
95 >
— 40 6.0 80 100
o B
2 3 90 Time (h)
= O
g 2 g5 Figure 3. Growth of citrate-fermenting lacto-
E, = cocci and leuconostocs during manufacture of
2 8 8o fermented milks.®) Leuconostocs in fermented
53 milks made at 30 °C;e() leuconostocs in fer-
g 75 mented milks made at 35 °Cy{ citrate-fer-
5 menting lactococci in fermented milks made at
7-00 o 20 o 30 °C; (V) citrate-fermenting lactococci in fer-
: 9 40 6080 100 mented milks made at 35 °C.
Time (h) Figure 3. Croissance des lactocoques aroma-

tiques et des leuconostocs au cours de la fabri-
cation de laits fermentégO} Leuconostocs dans
les laits fermentés faits a 30 °G»;)(leuconostocs
dans les laits fermentés faits a 35 °Qr) (ac-
tocoques aromatiques dans les laits fermentés
faits a 30 °C ;) lactocoques aromatiques dans
les laits fermentés faits a 35 °C.

Figure 2. Growth of lactococci during manu-
facture of fermented milksA{) Viable counts of
total lactococci; B) viable counts of citrate-fer-
menting lactococci;«) control; O) fermented
milk containingBifidobacterium brevg( v) fer-
mented milk containingifidobacterium longuin
(m) fermented milk containinBifidobacterium
bifidum; (V) fermented milk containin®ifi-
dobacterium infantis

Figure 2. Croissance des lactocoques au cours dgroduction. These results indicate that this
la fabrication de laits fermenté#\) Comptes strain has a metabolic advantage as com-

viables des lactocoques totaux8) comptes .
viables des lactocoques aromatiques ) ( pared to the other lactococci tested.

témoin ; ) lait fermenté contenaBifidobac- .
terium breve () lait fermenté contenaifi- The growth of leuconostocs was not influ-

dobacterium longum (m) lait fermenté conte- €nced by the presence of bifidobacteria dur-
nantBifidobacterium bifidum (V) lait fermenté ing fermented milk production because no
contenanBifidobacterium infantis significant interaction® = 0.958) was found
between the ratio of lactic starters and strains
of bifidobacteria. Figure 3 shows that the
growth of leuconostocs was influenced by
fermentation) studied in this experiment,the temperature of fermentatidh< 0.001).
and those in the presence of bifidobacteriahccording to the mean values calculated
Finally, viable counts on M17 medium for from viable counts at various ratios of lactic
estimated total lactococci (Fig. 2A) andstarters, milk protein content in the pres-
those on KMK medium used for enumera-ence or not of strains of bifidobacteria, the
tion of citrate-fermenting lactococci showednumber of leuconostocs was lower for fer-
thatLc. lactisssp.lactis biovardiacetylac- mented milks made at 35 °C than those
tis (Fig. 2B) represented almost the totalitymade at 30 °C whereas the temperature of
of lactococci from the fifth hour of fermen- fermentation did not affect the growth of
tation until the end of fermented milk citrate-fermenting lactococci (Fig. 3).
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The increase in the population of leL 70 —

conostocs during fermented milk produc 65 A
tion carried out at 30 °C could be possib '
because the optimum temperature of grown 6.0
for this species is between 22-30 °C ¢ 55
Growth of leuconostocs was also observi & ™
during fermented milk production carriec 5.0
out at 35 °C but it was characterized by 45
lower growth rate as compared to ferment ’
milk production carried out at 30 °C. More 4.0 : : -
over, at temperatures higher than 30 °C t 14 -
growth of leuconostocs could be affecte & 1.2 B
by the presence of lactococci that grew mc ; 10l
rapidly than the leuconostocs, as observ 5
by several authors who noted a change § %8/
the ratio of leuconostocs vs. lactococt & 06
occurring at temperatures higher than 30 * '§ 0.4
[2, 25]. £

c 0.2y

0.0 ‘ : -
0 2 4 6 8 10

3.2. Biochemical characteristics
of fermented milk Time (h)

Figure 4.Evolution of pH Q) and titratable acid-

During the production of fermented milks, ity (B) during manufacture of fermented milks.
significant differences were observed for theg‘o)bggt”é;iod}npgrfg\r/'g(ev”)tef‘émi‘nﬁggt%?;ﬂﬁégn
decreasg in pH and development_ of t'trattainingBifidobacte'rium longum(m) fermented
able acidity between fermented milks conyyji containingBifidobacterium bifidum(v)
taining bifidobacteria and those producetermented milk containinBifidobacterium infan-
without bifidobacteria (Fig. 4). Figure 4A tis.
shows that the decrease in pH of fermenterigure 4. Evolution du pH Q) et de I'acidité
milks containing bifidobacteria (expressectitrable B) au cours de la fabrication de laits fer-
as the mean values of pH determined in feimentés. ¢ ) Témoin ; ©O) lait fermenté conte-
mented milks made at different ratios of lac-nantBifidobacterium breve (v) lait fermenté
tic starters, milk protein contents and temSontenansifidobacterium longum(m) lait fer-

. menté contenarBifidobacterium bifidum (V)
peratures of fermentation) was faster tha,it fermenté contenanBifidobacterium
the decrease in pH of the fermented milknfantis
produced without the presence of bifi-
dobacteria® < 0.001, LSD = 0.04). After
9.5 h of fermentation, the pH of all fer-

mented milks ranged between 4.65 and 4 gvhich produces acetate in addition to lac-
This was in agreement with the resultd€ [6]- Indeed, no difference was observed
obtained by Roy et a[22], who did not for the lactic acid concentration of various

observe any difference of pH during thefermented_ milks whereas the acetic_ a_cid
storage of the control and fresh cheeses cofoncentration of fermented milks containing
taining bifidobacteria. The difference in Pifidobacteria was higher than that for the
titratable acidity observed between the concontrol fermented milks (resuits not shown).
trol fermented milks and fermented milks  The final characteristics of the fermented
containing bifidobacteria (Fig. 4B) was duemilks produced with mixed-cultures of lac-

to the metabolic activity of bifidobacteria tic acid bacteria and bifidobacteria were
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Table |. Effect of bifidobacteria and ratio of lactic starters on residual lactose in fermented milk.

Tableau I. Effet des bifidobactéries et du ratio de ferments lactiques sur le lactose résiduel dans le
lait fermenté.

Residual lactose (%)

Species Fermented milk B. breve B. longum B. infantis B. bifidum
with no bifidobacteria

Ratio (acidifying lactococci vs. citrate-fermenting lactococci and leuconostoc in %)

50:50 3.40* 2.58 3.29 2.46 3.07
75:25 3.68 2.72 3.55 251 3.20
100:0 3.69 3.03 3.65 2.92 3.43

* Residual lactose obtained by calculating the mean value of lactose concentration estimated at different contents
of milk protein (4.5, 5.5 and 6.5%), at both temperatures of manufacture (30, 35 °C) and at different times of fer-
mentation (0, 2.5, 5, 7, 9.5 h).

LSD =0.22.

LSD = 0.09 for the comparison of means with same level of ratio.

obtained by estimation of the metabolicand 6.5%, and at both temperatures of fer-
products: residual sugars, acetaldehydamentation) in fermented milks containing
diacetyl and ethanol. Significant differencesB. breve B. bifidumandB. infantiswas
were observed between ratio of lactic startedower than that found in fermented milks
and strains of bifidobacteria for the meanwithout bifidobacteria (control) and those
values of lactose concentratidh< 0.001; containingB. longum This phenomenon
Tab. ). Moreover, for fermented milks inoc- was observed until the end of production of
ulated with the same species of bifidobacfermented milks. Moreover, after 5 h of fer-
teria, lactose concentration was lower whementation, the hydrolysis of lactose was
the ratio of lactic acid bacteria (acidifying vs.more important for fermented milks con-
citrate-fermenting) used was of 50:50%.tainingB. infantis

The same phenomenon occurred in fer- Glucose was not detected in control fer-
mented milks made without the presence of - .
bifidobacteria at various levels of milk pro- Mented m|flks and thg acq:kauIatmn of glu-
tein and temperatures of fermentation. Fo .c;.se In fermented ”?f'. S cI:onE?lnmg
fermented milks containin@. breve ! |dobactgr|a w_as significantly a ected
B. bifidumandB. infantis there was no sig- (- < 9-001; LSD = 0.04) by strains and tem-

nificant difference between the 50:50% and?€rature. Figure 5B illustrates that in fer-
75:25% ratio (acidifying vs. citrate-fer- mented milks containinB. breveand those

menting) but these two ratios were differ-containingB. infantis the concentration of
ent from the 100:0% ratio glucose was maximum after 2.5 h, and there-

after it decreased sharply. On the other hand,

Figure 5A shows that the hydrolysis ofthe concentration of glucose remained about
lactose was different according to the speciethe same throughout fermented milk pro-
of bifidobacteria used?(< 0.001; LSD = duction and was lower than 0.1% in fer-
0.10). Indeed, the mean values of residuahented milks containin®. longumand
lactose (estimated from lactose concentratioB. bifidum For fermented milks containing
at various ratios of acidifying lactococci B. breve B. infantisandB. bifidum the
versus citrate-fermenting lactococci and leugalactose concentration increases through-
conostocs, milk protein content of 4.5, 5.50ut fermented milk production (Fig. 5C;
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P < 0.001; LSD = 0.04). For fermentedat the end of fermented milk production
milks containindB. longuma small quantity whereas the concentration of galactose in
of galactose (less than 0.15%) was estimatddrmented milk made without the presence
of bifidobacteria was negligible and
5 : remained constant throughout fermented
A milk production.

The residual lactose of various fermented
milks was less important in fermented milks
containing bifidobacteria, which indicated
that the hydrolysis of lactose was stimulated
by the presence of these bacteria. These
results are in agreement with those observed
by other authors [1, 10, 21]. Moreover, this
hydrolysis was different according to the
strain of bifidobacteria used, which could
exhibit differentB3-galactosidase activity as
observed by several authors [7, 13]. Fer-
mented milks containin®. infantisand
B. brevehad lower concentrations of resid-
ual lactose, confirmed by the concentration
of glucose and galactose which where in
greater quantity in fermented milks pro-
duced with these species as compared with
those containin@. bifidumandB. longum

Residual lactose (%)

Glucose (%)

In fermented milks produced with a
100:0% (acidifying lactococci versus cit-
rate-fermenting lactococci and leuconos-
tocs) ratio of lactic starters, there was an
accumulation of acetaldehyde (Fig. 6A) as
compared to the ratios of 75:25% and
50:50% (Figs. 6B and 6C). The acetalde-

- ‘ ‘ ‘ hyde concentration was maximum after 5 h
0 2 4 6 8 10 of fermentation (Fig. 6A). Thereafter, the
Time (h) acetaldehyde concentration decreased
. . . . slightly. The fermented milk with no bifi-
Figure 5. Biochemical changes observed during . .
manufacture of fermented milké ) Residual lac- dobacteria contained less acetaldehyde than
tose; B) glucose; C) galactose; €) control;  those that contained bifidobacteria. No sig-
(O) fermented milk containingifidobacterium nificant difference was observed for the
breve (v) fermented milk containingifidobac-  5cetaldehyde concentration found in fer-
terium longury () Fermented milk containing mented milks containing various species of

Bifidobacterium bifidum(V) fermented milk con- "' ; )
taining Bifidobacterium infantis bifidobacteria. The higher amount of

Figure 5. Changements biochimiques observéicetaldehyde might be due to the metabolism
au cours de la fabrication de laits fermentésof bifidobacteria. This result was in agree-
(A) Lactose résiduel B) glucose ;€) galactose ; ment with the study of Yuguchi et al. [26]

(¢) témoin ; ©O) lait fermenté contena®fido- \yho mentioned that the straiBs longum
bacterium breve (v) lait fermenté contenant y

Bifidobacterium longum(m) lait fermenté conte- B- bifidumandB. breveproduced acetalde-
nantBifidobacterium bifidum (V) lait fermenté hyde. For fermented milks produced with
contenanBifidobacterium infantis the ratio of lactic starters of 75:25% and

Galactose (%)
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10 50:50%, the acetaldehyde concentration
T A remained similar throughout fermentation
2 8 (Figs. 6B and 6C). The acetaldehyde could
e 6 1 be converted into ethanol by the enzyme
3 fi alcohol dehydrogenase present in the leu-
§ 4 i H conostocs [24]. The production of diacetyl
= ;,l. was also affected by the strains of bifi-
® 2 §|§ dobacteria usedP(< 0.001). The mean val-
< o ues of diacetyl calculated from diacetyl con-
0 : : centrations determined at different ratios,
4 temperatures of fermentation, lactic starters,
B contents of milk proteins and sampling times
3 were 3.73, 3.26, 2.50, 2.78 and 2.62 ppm

(LSD = 0.53 ppm) for fermented milks made
without the presence of bifidobacteria and
those containind. breve B. longum

B. infantisandB. bifidum respectively.

Acetaldehyde (ppm)
N
AN |

The ethanol concentration in various fer-
‘ mented milks increased throughout the fer-
4 mentation (Fig. 7). There was no significant
c difference in the ethanol concentration for
the various fermented milks at 0 and 2.5 h of
fermentation. However, the quantity of
ethanol found in fermented milks was dif-
ferent at 5 h of fermentation according to
the ratio of lactic starters used. The esti-
mated ethanol concentration increased with
an increase of the proportion of citrate-
fermenting lactococci and leuconostocs
(Figs. 7B, 7C, 7E and 7F). Thus, the ethanol
Time (h) concentration in fermented milks produced
with a ratio of lactic starters (acidifying lac-
Figure 6. Evolution of acetaldehyde during man-tococci vs. citrate-fermenting lactococci and
ufacture of fermented milksAj Fermented milk  leuconostocs) of 50:50% was higher than
produced with a ratio of lactic starters of 100:0%the ethanol concentration for fermented
(acidifying vs. citrate-fermenting)B) fermented ks containing a ratio of 100:0%. More-
milk produced with a ratio of lactic starters of .
75:25% (acidifying vs. citrate-fermenting); over, the_ temperature of fermgnted milk pro-
(C) fermented milk produced with a ratio of lac- duction influenced the quantity of ethanol
tic starters of 50:50% (acidifying vs. citrate-fer- for the ratio of lactic starters (acidifying vs.
menting). citrate-fermenting) of 75:25% and 50:50%.
Figure 6. Evolution de I'acétaldehyde au cours The ethanol concentrations found in fer-
de la fabrication de laits fermenté&) Lait fer- ~ mented milks made at 30 °C (Figs. 7B and
menté fabriqué avec un ratio de bactéries Iaqc) was higher than those found in fer-

tiques de 100:0 % (acidifiant vs. aromatique) ; ; o ;
(B) lait fermenté fabriqué avec un ratio de bac_mednted m'”]fs produc(;jed ?I: 35 g (F'%S' 75
téries lactiques de 75:25 % (acidifiant vs. aro2Nd 7F). In fermented milks produced wit

matique) ; C) lait fermenté fabriqué avec un the ratios of lactic starters (acidifying vs.
ratio de bactéries lactiques de 75:25 % (acidicitrate-fermenting) of 75:25% and 50:50%,
fiant vs. aromatique). the presence of bifidobacteria resulted in an

XX RLARA
K A AN T

Acetaldehyde (ppm)
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increase of the ethanol concentration. Th&5 °C (Figs. 7E and 7F). The fermented
phenomenon was accentuated for a tenmilks produced witlB. longumandB. infan-
perature of fermented milk production oftis contained more ethanol than the other
30 °C (Figs. 7B and 7C) as compared tdermented milks.
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Figure 7. Effect of different factors of manufacture on the evolution of ethanol during manufacture
of fermented milks.A andD) Fermented milk produced with a ratio of lactic starters of 50:50% (acid-
ifying vs. citrate-fermenting);§ andE) fermented milk produced with a ratio of lactic starters of
75:25% (acidifying vs. citrate-fermentingl; @ndF) fermented milk produced with a ratio of lac-

tic starters of 100:0% (acidifying vs. citrate-fermenting).

Figure 7.Effet de différents facteurs de fabrication sur I'évolution de I'éthanol au cours de la fabri-
cation de laits fermentésA (et D) Lait fermenté fabriqué avec un ratio de bactéries lactiques de
50:50 % (acidifiant vs. aromatique)B étE) lait fermenté fabriqué avec un ratio de bactéries lactiques
de 75:25 % (acidifiant vs. aromatique)C €t F) lait fermenté fabriqué avec un ratio de bactéries
lactiques de 100:0 % (acidifiant vs. aromatique).
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In the present study, it seems that thdifidobacteria and mixed-cultures of lactic
acetaldehyde was transformed into ethandtarters. However, the presence of bifi-
because the ethanol concentration was morbbacteria changes the final characteristic
important in fermented milks made with theof the fermented milk. Residual lactose in
ratio of lactic starters (acidifying vs. citrate-fermented milks containin@. breve
fermenting) of 75:25% and 50:50%. More-B. bifidumandB. infantiswas lower than
over, the ethanol concentration was highethat found in fermented milks without bifi-
for a ratio of lactic starters (acidifying vs. dobacteria and those containiBglongum
citrate-fermenting) of 50:50% (Figs. 7C andThe fermented milk without bifidobacteria
7F) as compared to a ratio of 75:25% (Figs. 7Bontained less acetaldehyde than those that
and 7E). This higher concentration mightcontained bifidobacteria. The concentration
be explained by the fact that the populatiorf diacetyl was less important in the pres-
of leuconostocs was more important in ference of bifidobacteria, and the ethanol con-
mented milks containing a ratio of 50:50%,centration increased when bifidobacteria
which allowed a larger acetaldehyde conwere used in mixed cultures of lactococci,
version. The same phenomenon alseitrate-fermenting lactococci and leuconos-
explains the higher ethanol concentrationocs.
found in fermented milks made at 30 °C as
compared with those produced at 35 °C (the
population of leuconostocs was higher in - AckKNOWLEDGEMENTS
fermented milks produced at 30 °C). The
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4. CONCLUSION
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