Alex. J. Fd. Sci. & Technol. Special Volume Conference, pp. 31-43, Mar. 2008

Biodiversity of Lactococci in Flavour Formation for Dairy Products
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ABSTRACT

Biodiversity of 37 Lactococcus lactis strains, included 31 strains isolated from various environment (dairy and
non dairy ecosystems) so-called “wild” strains and 6 industrial strains, in flavour production capacities was investi-
gated in milk cultures. Organoleplic evaluation revealed that many strains produced different flavours distinct from
those produced by industrial strains. Most dairy wild strains showed proteolytic activity and were good producers of
lactic acids in contrast with non dairy wild strains. Some strains produce bacteriocin-like compound and exopolysac-
charides. GC-MS analysis showed a variation between strains for formation of flavour compounds which correspond
to the sensory descriptions. The major volatile compounds produced by strains were derived from amino acids. Since
various LAB differ in amino acid converting abilities (leading to flavour components) and these activities are linked
to the ability to synthesize amino acids, the amino acids-forming capacities of strains were determined. The results
showed that the wild strains had much larger potential to synthesize amino acids as compared to industrial strains.
Some strains were selected and applied in Domiati cheese. A good correlation between organoleplic description and
GC-MS volatile compounds of cheese samples and milk cultures prepared with the same strain was found. The natural
biodiversity found within the strains reflect their functional diversity and offers good possibilities for flavour diver-
sification and product innovation. This knowledge with genome data which will become available for various LAB
allows prediction of flavour forming capacity and leading to the design of improved tailor-made industrial cultures
with attractive or selected flavour.

Key Words: Lactococcus lactis, natural biodiversity, wild lactic acid bacteria, flavour formation, sensory evalua-
tion, GC-MS analysis, volatile compounds, Domiati cheese.

INTRODUCTION

Natural biodiversity exists within the group of
LAB used in milk fermentations; this offers many
opportunities for exploitation aiming at changes in
product characteristics, such as flavour. Some im-
portant (metabolic) characteristics are nutritional
requirements, temperature sensitivity, bacteriocin
production (Boutibonnes et al., 1995, Allison et
al., 1998, Hyronimus et al., 2000). In addition to
the chromosomal DNA, most LAB carry plasmid
DNA, which may also code for several for fermen-
tation relevant characteristics, such as lactose and
citrate metabolism, cell envelope proteinase and

vary, L. lactis subsp. cremoris have more require-
ments than those belonging to L. lactis subsp. lac-
tis (Otto, 1981, Keefe ef al., 1995). Lactococci are
generally associated with the milk environment
(Sandine et al., 1972) but they can be isolated
from other sources such as artisanal manufacture
of fermented dairy product without the application
of industrially prepared starter cultures and from
non-dairy environments which are generally re-
ferred to as “wild” lactococci (Cogan et al., 1997).
The pool of this bacteria contained many L. lactis
strains which differ in a number of properties from
the strains commonly present in industrial starters

antibiotic resistances (Libudzisz et al., 1991, Per-
reten, 1996). Lactococcus is the main species of
commercial interest and is the most frequent used
organisms in cheese manufacture. Their anabolism,
abilities to produce metabolites like vitamins and
amino acids are very limited and therefore, these
substrates are preferentially taken up from the en-
vironment. The essential amino acids is found to
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(Klijin et al., 1995, Ayad et al., 1999).

The flavour in fermented dairy products (e.g.,
cheese) is a result of a series of biochemical proc-
esses in which the starter cultures play a key role.
Three main pathways can be identified; the conver-
sion of lactose (glycolysis), fat (lipolysis) and ca-
sein (proteolysis). The enzymes involved in these
pathways are derived from the starter cultures used
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in these fermentations, although also endogenous
milk enzymes and/or added enzymes (rennet) can
play a role (Urbach, 1993, Visser, 1993, Fox, et al.,
1996). In the case of the lactose fermentation by L.
lactis, the conversion leads to the formation of lac-
tate, but a fraction of the intermediate pyruvate can
alternatively be converted into flavour compounds
such as diacetyl, acetoin, acetaldehyde and ethanol
or acetic acid. Lipolysis results in the formation of
free fatty acids, which may act as precursors for
other flavour compounds such as methylketones,
alcohols and lactones. The degradation of casein
is the main pathway leading to flavour formation.
Proteolysis and peptidolysis is a prerequist to gener-
ate free amino acids and the balance between these
two activities is important in order to generate the
desired (substrate) amino acids and to prevent ac-
cumulation of bitter-tasting peptides (Kranenburg et
al., 2002). The volatile flavour components, which
predominantly determine the overall flavour, are
subsequently derived from the activity of enzymes
converting amino acids (Yvon et al., 1998, Smit et
al., 2000, Yvon & Rijnen 2001). In the LAB strains
the physiological functions of these enzymes are
most likely the biosynthesis of amino acids. Based
on this, a strong regulation is anticipated and found
for these enzymes. This characteristic is very im-
portant for practical applications, since it means
that the activity of starter cultures can be influenced
by the cultivation conditions and leading to natural
biodiversity (Smit et al., 2002, Engles et al., 2003).

Domiati cheese is the most popular soft white
pickled cheese in Egypt which can be consumed
fresh or after pickling in salted whey or a brine solu-
tion for up to 2-4 months (Abd El-Salam et al., 1976,
Abou-Donia, 1986). It is made from buffalo’s or
cow’s milk or mixture of them; cheese process was
described by Fahmi & Sharara (1950) and recently
reviewed by Abou-Donia (2007). The salt concen-
tration used in the manufacture (5 to 14%) depends
on the season and the ripening conditions.

Nowadays consumer demands a large vari-
ation in flavour of dairy product, this has led to a
request for novel strains, which can be achieved
either by genetic modification of known strains or
by exploring the biodiversity within natural strains
from various ecological systems. The introduction
of new microbial strains in cheese making is a pow-
erful tool to change product characteristics, in Gou-
da and Proosdij cheeses produced with non-dairy
LAB (wild strains) large differences in flavour for-
mation were observed (Ayad et al., 2003a).
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The aim of this work was to study the natu-
ral biodiversity of a large numbers of Lactococcus
lactis strains isolated from various dairy and non
dairy ecosystems in flavour production capaci-
ties and function properties. Moreover, to exploit
these strains for flavour diversification and Domiati
cheese innovation.

MATERIAL AND METHODS

Bacterial strains and growth conditions

Thirty seven Lactococcus lactis strains used in
this study (21, dairy wild strains (DWS), 10 non-
dairy wild strains (NDWS) and 6 industrial strains)
of which their source of isolation are listed in Table
(1). The strains were obtained from the culture col-
lection of NIZO Food research, Ede, The Nether-
lands (B, code numbers) and from Ayad, (2004) (E,
code numbers). The strains were cultivated in M17
medium (Oxoid, Hampshire, UK) and were stored
in litmus milk with 0.1% yeast extract at - 40°C.

Flavour production in milk cultures

Individual strains were pre-grown for 16 h at
30°Cinsterilised milk containing 0.1 % yeast extract,
1% of each culture was added to 100 mL skimmed
UHT milk. Sensory evaluation was carried out after
incubation at 30°C for 48 h. by 7 to 10 graders.

Characteristics and amino acids require-
ments of strains

Acidification activity, the ability to hydro-
lyse casein and the ability to grow at various tem-
peratures (10, 30 and 40°C) and in the presence
of 3, 4 and 5% NaCl, were tested. Antimicrobial
activity was determined in agar well-diffusion
assay against two target organisms either Micro-
coccus flavus NIZOB423 or L. lactis subsp. cre-
moris NIZO SK110, as described by Ayad et al,
(2000). Strains were tested for exopolysaccharides
(EPS) production using the inoculated loop method
(Knoshaug et al, 2000). The amino acids require-
ments of strains were determined using the sin-
gle omission technique (Cocaign-Boosquet et al,
1995) in a chemically defined medium as described
by Otto et al, (1983) and modified by Poolman &
Konings (1988).

Cheese making and analysis

Domiati cheese was made as described by Fah-
mi & Sharara (1950) from a mixture of fresh cow’s
and buffalo’s milk (1:1), the milk was heated to
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65°C for 30 min. and cooled to 35°C. Then 0.02%
calcium chloride and 5% salt was added before
renneting. The milk was divided into seven equal
parts; the first one was used as control and the sec-
ond one was inoculated with 2% of industrial strain
B697. The other parts were inoculated with 2%
E13,B1152,B1153, B1156 and B1157, as a single
strain. Individual strains were pre-grown for 16 hr
at 30°C in low-fat milk with 0.1% yeast extract and
the culture was inoculated directly into processed
milk via direct vat inoculation (DVI). Inoculated
milks were held for 45 min before the addition of
rennet (powder, Chr. Hansen’s Denmark). The ob-
tained cheese was pickled in their whey and kept
at 10°C for 3 months. The sensory evaluation was
carried out according to Ayad et al., (2003b) and
the averages data with standard deviations were de-
termined. Compositional analysis for fat, salt, pH,
titratable acidity and moisture of cheeses were per-
formed according to IDF Standards (1997, 1979,
1989 and 1982, respectively). Total nitrogen (TN)
and soluble nitrogen (SN) was determined accord-
ing to Noomen, (1977). All analysis were carried
out in duplicate

Analysis of volatile compounds

Volatile compounds formed by the cultures
in milk and in cheese were identified using purge-
and-trap thermal desorption cold-trap (TDCT)
gas chromatography mass spectrometry (GC-MS)
(Neeter & De Jong 1992). Ten ml of the milk cul-
tures was used directly and 20 ml of cheese slurry,
obtained by homogenization of a mixture of cheese
and double-distilled water (1:2 w/v) was prepared
and used immediately after the preparation. The
conditions for the chromatographic separation and
mass spectrometry have been used as described by
(Engels et al, 1997).

RESULTS AND DISCUSSION

Flavour production

Thirty seven Lactococcus lactis strains; 6 indus-
trial strains, 21 DWS and 10 NDWS were screened
for their flavour-producing capacity in milk (Table
1). There was a diversity in sensory evaluation was
found between strains in milk cultures. Ten wild
strains (9 DWS and 1 NDWS) appeared to pro-
duce flavours looks similar to those produced by
the industrial strains; e.g., yoghurt, butter milk-
like, creamy, sour and slightly sweet. The majority

of wild strains (12 DWS and 9 NDWS) exhibited
more pronounced sensory characteristics, specific
(unusual/ new) flavours as compared to industrial
starter strains. Descriptors such as yeasty, farm
cheese-like, chocolate, malty, fatty acid, grass,
sharp, diacetyl, esters, fruity, Laban Rayeb-like,
herbs, sulphur etc. were mentioned by the sensory
panel (Table 1 and Fig. 1). These results agree with
Weerkamp et al., (1996) and Ayad et al., (2000),
they found that wild lactococci strains produced
specific flavours distinct from those produced by
commercial strains.

Based on sensory evaluation and chemical
analysis of dairy product (e.g. cheese), various
groups of volatile compounds have been identified
as being responsible for the final taste and aroma
and listed in the database (Urbach, 1995, Nijssen
et al., 1996). Description of some important key-
flavours and their correspond metabolism are given
in Table 2 (Badings, 1984, Griffith & Hammond
1989). Most of these flavours were found and men-
tioned by the sensory panel in the present study.

The production of volatile compounds dur-
ing growth of some selected strains in milk was
examined. Eight strains; E13, E16, B1152, B1157
(DWS) and B1153, B1156 (NDWS) and B697
and B14 (industrial strains) representative for the
broad range of different flavours were selected for
GC-MS analysis. As examples of variation in fla-
vour production capacities of L. lactis strains, for
the formation of a number of flavour components
is shown in Fig. (2). Milk cultures prepared with
strains E13, B1152, B1157 contained high levels
of 2-methylbutanol and 3-methylbutanol and alde-
hydes, 2-methylpropanal, 3-methylbutanal in com-
parison with B697 and B14. Methylalcohols and
methylaldehydes are most likely derived from the
branched-chain amino acids leucine, isoleucine and
valine (Molimard & Spinnler, 1996). Branched-
chain alcohols give rise to a slightly sweet, fresh
flavour. Methylaldehydes developed in raw milk
by the metabolic activity of L. lactis subsp. lactis
biovar maltigenes have been recognized as off-fla-
vours in Cheddar cheese (Morgan, 1976). On the
other hand, 3-methylbutanal has been found as ma-
jor volatile compounds during ripening of Proos-
dij and Parmesan cheese, which are responsible
for a spicy, cocoa flavour (Barbieri et al., 1994).
Chocolate flavour was encountered during the or-
ganoleptic evaluation of milk incubated with E13,
E16, B1152, B1157 and B1153, and was not with
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Table 1: Flavour profile and some characteristics of strains

Acidification . I .
Strain Subsp Source? Flavour description® Activity Prot.eo.lytdlc Altlml_u:()blal
(unit°N)® activity activity
Industrial:
B14 lactis Commercial starter Mild yoghurt, flat 50 + -
B20 lactis Commercial starter Yoghurt, creamy, slightly sweet 52 + -
B22 lactis Commercial starter Yoghurt, flat, acid (1) 49 + -
Bo64 cremoris Commercial starter Mild yoghurt, slightly sour 40 + -
B442 cremoris Commercial starter Yoghurt, acid (1) 41 + -
B697 cremoris Commercial starter Yoghurt, sweet (1), butter milk, sour (1) 45 + -
Dairy wild strains:
El lactis Raw cow milk (Eg) Yoghurt-lik, creamy (1) 23 - +
E2 lactis Raw buffalo milk (Eg) Flate, fermented milk-like 26 - +
E4 lactis Raw cow milk (Eg) Sweet (2), creamy, flat 28 + +
E7 lactis Kariesh cheese (Eg) Farm cheese-like (2), sharp 27 + +
E9 lactis Raw buffalo milk (Eg) Mild yoghurt, sour (2) 39 + +
Ell lactis Raw buffalo milk (Eg) Sweet (1), yoghurt-like 26 - +
E13 lactis Raw buffalo milk (Eg) Chocolate (1), sour, yeasty (1), bitter (1) 24 - -
El4 lactis Kariesh cheese (Eg) Farm cheese-like (1), sweet, creamy 25 - +
E15 cremoris Raw buffalo milk (Eg) Mild yoghurt, sour (1), coarse 38 + -
El6 lactis Raw cow milk (Eg) Malty (1), chocolate (1), fatty acids 22 - -
E17 lactis Raw buffalo milk (Eg) Acid (1), grass, bitter (1), chocolate (1) 31 + -
E18 cremoris Kariesh cheese (Eg) Yoghurt, acid (1), coarse 21 + -
FAAU IM¢  lactis Ras cheese (Eg) Yeasty, sharp, acid (3), cheese-like 35 + +
FAAU 6M¢  cremoris Ras cheese (Eg) Diacetyl, ester, fruity (1) 30 + -
FAAU6TL®  lactis Ras cheese (Eg) Sweet (1), Laban Rayeb-like 32 +
B1152 lactis Raw cow milk (Ne) Cocoa, sour, ester, herbs 50 +
B1155 lactis Raw cow milk (Ne) Yoghurt, creamy (1), smooth structure 22 - -
B1157 cremoris Raw sheep milk (Sp)  Fruity, creamy, sour (1), flowery,chocolate 21 - -
B1158 lactis Raw goat milk (Fr) Chocolate (1), sour, yeasty, bitter (1) 24 - -
B1162 lactis Raw goat milk (Fr) Sour (1), malty (1), bitter (1), grass 33 -
B1167 lactis Fermented milk (It) Sweet, chocolate (1), malty 24 -
Non-dairy wid strains:
B26 lactis Chinese radish seed Yoghurt-like, creamy (1) 25 - +
B1153 cremoris Milk machin (Ne) Slightly chocolate, mild yoghurt, creamy 22 - +
Bl1154 lactis Soil (Ne) Fruity, acid (1), faint, chocolate (1),sweet 22 - +
B1156 lactis Grass (Ne) Fruity, sweet (1), sour (1), faint 22 - +
B1159 lactis Milk machin (Ne) Sculpture, sharp smell, sweet (1) 24 - +
B1171 lactis Silage (Ne) Slightly chocolate, fresh yoghurt, sweet 23 - -
B1172 lactis Silage (Ne) Fruity, flat, sweet, creamy 22 - -
B1173 lactis Silage (Ne) Fruity, sweet, flowery, dry grass 21 - -
B1174 lactis Silage (Ne) Yoghurt, chocolate (1),fatty acids,creamy 23 - -
B1175 cremoris  Soil (Ne) Mild yoghurt, sour (1), coarse 21 - -

 (Eg), Egypt; (Ne), The Netherlands; (Sp), Spain; (Fr), France; (It), Italy.

Flavour intensity on scale from (1-4): 1: slightly, 2: moderate, 3: strong, 4: very strong.
¢ The acidity is expresed as degree N (the number of mL 0.1 N NaOH to neutralize 100 mL of milk).
4+, proteolytic; -, not proteolytic; +, weakly proteolytic.
¢ Data from Ayad et al., 2006.
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Fig. 1: Diversity in sensory evaluation of strains in milk culture. The grade on scale ranged
from 1 to 4: 1, bad; 2, sufficient; 3, good; 4, very good. The results are means with standard
deviation ranged from 0.1 to 0.5

B1156 and industrial strains (Table 1). The con-
centration of the different ketones also varied be-
tween the different samples. Diacetyl comes from
citrate conversion and is responsible for a creamy
flavour (Welsh et al., 1989). Some differences in
levels of ethylesters were also encountered. These
compounds, are formed by an enzymic or chemical
reaction of fatty acids with primary alcohols, give a
fruity and sweet character to cheese (Table 2).

Characteristics and amino acids require-
ments of strains

The strains were tested for various technolog-
ical properties which are important for cheese-mak-
ing (Table 1). About 56% of DWS and all NDWS
showed low acidification activity. Fifty seven per-
cent of DWS were able to hydrolyse milk proteins,
while all NDWS showed no proteolytic activity.
The results also showed that wild strains differ in
a number of properties from the strains commonly
present in industrial strains. All wild strains (subsp.
cremoris and lactis) were able to grow at 40°C and
in the presence of 5% NaCl in contrast to the in-
dustrial starters. Member of the subsp. cremoris are
not able to grow under these condition (Salama et
al., 1991, Cogan et al., 1997). These results agree
with previous findings and seems to indicate that
the phenotypical characteristics of L. lactis subsp.
cremoris strains is confined to industrial starter cul-
tures (Klijn et al., 1995, Weerkamp et al., 1996).
The ability of the wild strains to grow at 40°C and
in the presence of 5% NaCl could be functional for
application in cheeses which are contain relatively

high salt concentrations and cooked to high tem-
peratures. One DWS B1155 was EPS (slim)-pro-
ducer, this result confirmed the sensory evaluation
(Table 1) since the milk culture prepared with this
strain was described as smooth structure. The EPS-
forming LAB have been used in the dairy industry
as a natural biothickner to enhance the rheological
quality of low fat cheese and in fermented milks
(Hassan et al., 2004). Thirteen strains (§ DWS and
5 NDWS) appeared to have antimicrobial activity
against the indicator organisms. Since many LAB
are able to produce bacteriocins or bacteriocin-like
substances (Jack et al., 1995), these antimicrobial
activities are likely to be a consequence of bacteri-
ocin production. Genetic studies using RAPD clas-
sification confirmed these results and revealed that
wild lactococci had profiles different from those of
reference (industrial) strains (Corroler ef al., 1998).
It is thus possible that natural habitant, including
raw milk harbour lactococici with potential appli-
cation in producing fermented dairy products.

Lactococci require various amino acids for
growth because of their limited biosynthetic capac-
ity. The requirement of a certain amino acid can
result either from the absence of functional genes
for specific biosynthetic reactions or from specific
regulatory mechanisms (Chopin, 1993). The num-
bers of essential amino acids is strain dependent
and vary from 6 for L. lactis subsp. lactis up to
14 for L. lactis subsp. cremoris strains (Mittchell
et al., 1941, Reiter & Oram, 1962). Since several
wild strains produced relatively high levels of pri-
mary alcohols and branched aldehydes in the milk
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Table 2: Description of some important key-flavours and their correspond metabolism*

Description

Flavour compound

Metabolism

Chocolate-like, malty, banana
Malty, cheese

Fresh cheese, alcoholic
Cheese, sweet, rancid

2-Methylpropanal
3-Methylbutanal
3-Methylbutanol
3-Methylbutyric acid

Amino acids (Ileu)
Amino acids (Leu)
Amino acids (Leu)
Amino acids (Leu)

Sweet, cheese, strong, acid, butter Butyric acid Fat

Sour milk, cheese Proponic acid Sugar

Fruity, buttery Ethylbutanoate Combined pathway
Ethyl-3-methyl-butanoate

Fruity, sweet, yeasty Ethylesters Combined pathway

Buttery, strong Diacetyl Sugar

Yoghurt, green Acetaldehyde Sugar

*From Badings (1984), Griffith & Hammond (1989).

cultures, which originate from amino acid degra-
dation, wild strains may have different amino acid
requirements than industrial strains. The amino
acid requirements of 6 selected strains were com-
pared with the two industrial strains (Table 3). The
results showed that industrial strains, B14 subsp.
lactis and B697 subsp. cremoris required 6-9
amino acids; glutamate, leucine, valine, methio-
nine, histidine, proline, phenylalanine, isoleucine
and serine, for growth. These results are in agree-
ment with previous studies (Ayad et al., 1999).
Both dairy and non-dairy wild strains required less
amino acid than the industrial strains. The subsp.
lactis strains E13, E16, B1152 and B1156 required
only two amino acids; glutamate and valine. While
subsp. cremoris strains required from 3 to 4 amino
acids for their growth, glutamate, valine, leucine
for B1152, glutamate, valine, leucine and methio-
nine for B1157. Wild strains are more dependent
on their own synthesis of amino acids compared to
industrial strains and probably harbour more active
amino convertases. Since these enzymes play a key
role in the formation of amino acids derived flavour
components, this pool of strains is interesting with

respect to novel flavour formation in the manufac-
ture of fermented dairy products.

Cheese making and analysis

Domiati cheese was made with lactococci
strains; E13, B1152, B1157 (DWS), B1153, B1156
(NDWS), B697 (industrial strain) and without
starter (control). The values of pH, titratable acid-
ity, moisture, fat, salt and soluble nitrogen are sum-
marized in Table (4). There was no apparent differ-
ence in cheese composition between control cheese
and other cheeses, as the levels are within margins
for composition of Domiati cheese (Abou-Do-
nia, 1986, Egyptian Standard for Domiati Cheese,
2005). During ripening the titratable acidity of all
cheese samples increased while the pH values de-
creased and cheese samples made with lactococci
strains had higher pH values than control. Mois-
ture content of cheese decreased and fat content
increased along the storage period. The addition of
strains to cheese milk had no effect on moisture, fat
and salt content. The results showed that SN and
SN/TN increased in all cheese samples with added
lactococci strains as compared to the control till the

Table 3: Amino acids essential to industrial and wild strains

Industrial

wild strains

subsp lactis  subsp cremoris

subsp lactis subsp cremoris

B14 B697

El6 B1152 BI1156 BI1153  BI1157

Number of
essential 6 9
amino acids
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Table 4: Chemical composition of cheese during storage at 10°C

Samples pH Titratable acidity % Moisture Fat (%) Salt (%) SN (%) SN/TN (%)
Control :

Fresh 6.48 0.31 62.25 18.3 5.1 0.19 8.14

3 months 5.3 0.63 59.51 223 32 0.59 24.08
B697:

Fresh 6.25 0.42 62.1 18.2 5.2 0.24 9.88

3 months 4.65 1.32 59.64 22.1 3.1 0.68 26.77
E13:

Fresh 6.34 0.4 62.21 18.1 5.1 0.22 9.32

3 months 4.73 1.1 60 22 0.65 26
B1152:

Fresh 6.27 0.43 62.3 18.3 52 0.25 10.25

3 months 4.66 1.31 60.01 22.2 0.69 27.27
B1157:

Fresh 6.35 0.38 62.3 18.1 5.1 0.2 8.51

3 months 4.8 0.95 59.8 22.1 3.2 0.65 259
B1153:

Fresh 6.36 0.37 62 18.2 5.2 0.21 8.89

3months 4.78 0.97 59.37 22.3 3.1 0.64 25.7
B1156:

Fresh 6.33 0.4 62.24 18.2 5.1 0.21 8.86

3 months 4.75 1.0 59.43 22.4 3 0.66 26.27

S.N.: Soluble Nitrogen.

T.N.: Total Nitrogen.

end of ripening, El-Abd, ef al., (2003) and Salama,
(2004) reported similar results. The rate of increase
was more in cheese made with B697 and B1152 as
compared with the others which was may be due to
its proteolytic activity.

The sensory results showed that the presence
of lactococci strains raised the score of resulting
Domiati cheese than control cheese (Table 5 and
Fig. 3). All cheese samples had good texture char-
acteristics and appearance, not noticeably different
from the control cheese. The wild strains produced
flavours in cheeses distinct from that produced by
industrial strain. The flavours mentioned by the
sensory panel are in agreement with those encoun-
tered in milk culture prepared with the same strain
(Table 1). These results indicate that wild strains
are able to produce specific flavour characteristics
in Domiati cheese.

The volatile compounds produced in 3-months
old cheeses were identified using GC-MS. Many
different compounds were detected and character-
ized in the cheeses; each culture produced a typi-
cal pattern of volatile compounds which matched
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with the sensory flavour descriptions Fig. (2). As
an example, the GC-MS aroma profiles of cheese
prepared with industrial strain (B697), DWS
(B1152) and NDWS (B1156) are presented in Fig.
(4). Cheeses manufactured with B1152, B1153 and
B1157 contained high levels of methylaldehydes
(2-methylbutanal, 3-methylbutanal and 2-methyl-
propanal) which linked to the chocolate/cacao and
malty flavours in these cheeses. These compounds
have been recognized as key flavour compounds in
some cheese types (Bosset & Gauch, 1993). Some
cheeses, considered to show fruity, sweet and yeasty
flavours (Table 5), contained different levels of eth-
ylesters (ethylacetate, ethylbutanoate and 3-methyl-
butylacetate). These results are in accordance with
the sensory evaluations. Taken all together the re-
sults indicated that the use of wild lactococci strains
as starters for the development of new (specific) fla-
vours looks promising. It was found that the use of
selected wild LAB strains in cheese resulted in an
increase in the key flavour production, the intensity
of the cheese flavour and lead to tailor the flavour of
cheese (Ayad et al., 2003a).
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Fig. 3: Flavour of Domiati cheese during ripening time. The grade on scale ranged

from 1 to 4: 1, bad; 2, sufficient; 3, good; 4, very good .The results are means with
standard deviation ranged from 0.1 to 0.6.
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Fig. 4: GC-MS aroma profiles of volatile compounds purged from 3-months old Domiati
cheese prepared with industrial strain (B697), DWS (B1152) and NDWS (B1156)
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Table 5: Sensory evaluation of 3-months Domiati cheeses prepared with lactococci strains

Cheese sample Grade?® Description of Flavour (intensity)® Overall Grade (100)
Control 2+0.6 flat flavour 78+£2.5
B697 4+0.5 Creamy (1), sour (1) 85+3.2
El13 3+0.2 Malty (1), farm cheese-like, fatty acids 84+4.1
B1152 3+0.5 Chocolsate (1), fruity (1), new flavour 81+2.5
B1157 3+0.4 Fruity (1), yeasty (1), chocolate (1) 83+3.4
B1153 3+0.3 Malty (1), sharp (2), strong 80+5.1
B1156 4+0.6 Fruity (1), sweet (1), sharp 86+4.5

aGrade of flavour (1-4): 1: bad, 2: sufficient, 3: good, 4: very good.

*Intensity (1-4): 1: slightly, 2: moderate, 3: strong, 4: very strong.

CONCLUSION

The results of the present study showed that the
flavour forming abilities vary considerably within
the species of Lactococcus lactis, various strains
isolated from dairy and non-dairy environments
have the ability to produce flavour components
distinct from industrial cultures. This might be
explained by the presence of specific amino-acid-
converting enzymes present in these strains and/or
differences in their regulation. This hypothesis is
supported by the observation that several wild lac-
tococci strains required only a few amino acids for
growth, indicating that these strains harbour more
amino acids converting enzymes, since these en-
zymes are primarily involved in synthesis of amino
acids, rather than degradation. In conclusion the
large natural biodiversity that is found within lac-
tococci strains offer good possibilities for flavour
diversification for consumer demands.

ACKNOWLEDGEMENTS

The author is grateful to Prof. dr. Gerrit Smit
for good cooperation, Catrienus de Jong and Rita
Eeling for GC-MS analysis (NIZO Food research
in Ede, The Netherlands).

REFERENCES

Abd El-Salam, M.H., El-Shibiny, S. & Fahmi, A.H.
1976. Domiati cheese New Zealand. J. Dairy
Sci. and Technol., 11: 57-61.

Abou-Donia, S.A. 1986. Egyptian Domiati soft
white pickled cheese-Review. N. Z. J. Dairy
Sci., 21: 167-176.

Abou-Donia, S.A. 2007. Recent development in
Egyptian Domiati research: an overview.
Egyptian J. Dairy Sci., 35: 1-14.

40

Allison, G.E., & Klaenhammer, T.R. 1998. Phage
resistance mechanisms in lactic acid bacteria.
Intern. Dairy J., 8: 207-226.

Awad, S.A., Abdel-Kader, Y.I. & Nawar, M.A.
2001. The quality of white pickled cheese as
affected with the type of coagulant and starter
bacteria. J. Agri. Sci., 26: 2183-2192.

Ayad, E.H.E., Verheul, A., De Jong, C., Wouters,
JTM., & Smit, G. 1999. Flavour forming
abilities and amino acid requirements of Lac-
tococcus lactis strains isolated from artisanal
and non-dairy origin. Intern. Dairy J., 9: 725-
735.

Ayad, E.H.E., Verheul, A., Wouters, J.T.M. & Smit,
G. 2000. Application of wild starter cultures
for flavour development in pilot plant cheese
making. Intern. Dairy J., 9: 725-735

Ayad, E.H.E., Verheul, A., Bruinenberg, P., Wout-
ers, J.T.M. & Smit, G. 2003a. Starter culture
development for improving the flavour of
Proosdij-type cheese. Intern. Dairy J., 13:
159- 68.

Ayad, E.H.E., Awad, S., El Attar, A., De Jong, C.
& El-Soda, M. 2003b. Characterisation of

Egyptian Ras cheese. 2. Flavour formation.
Food Chem., 86: 553-561.

Ayad, E.H.E. 2004. Nisin producing wild Lactococ-
cus lactis subsp. lactis for cheese preserva-
tion. Proceeding 9" Egyptian conference for
Dairy science and technology, “Milk and
Dairy products for future”, Dokki, (9-11 Oc-
tober), Cairo, Egypt, 617-633.

Ayad, E.H.E., Omran, N. & El-Soda, M. 2006.
Characterisation of lactic acid bacteria iso-

lated from artisanal Egyptian Ras cheese. Le
Lait, 86: 317-331.



Alex. J. Fd. Sci. & Technol.

Special Volume Conference, pp. 31-43, Mar. 2008

Badings, H.T. 1984. Flavour and off-flavours. In:
Dairy Chemistry and Physics, pp. 336-357,
P. Walstra and R. Jenness, (Eds.), John Wiley
& Sons, New York, U.S.A.

Barbieri, G., Bolzoni, 1., Careri, M., Manglia, A.,
Parolari, G., Spagonoli, S. & Virgili, R. 1994.
Study of the volatile fraction of parmesan
cheese. J. Agric. Food Chem., 42: 1170.

Bosset, J.0. & Gauch, G. 1993. Comparison of the
volatile flavour compounds of six European
‘AOC’ cheeses using a new dynamic head-
space GC-MS method. Intern. Dairy J., 3:
423-460.

Boutibonnes, P., Bisson, V., Thammavongs, B.,
Hartke, A., Panoff, J.M., Benachour, A. &
Auffray, Y. 1995. Induction of thermotoler-
ance bychemical agents in Lactococcus lactis
subsp. lactis IL 1403. Intern. J. Food Micro-
biol., 25: 83-94.

Chopin, A. 1993. Organization and regulation of
genes for amino acid biosynthesis in lactic
acid bacteria. FEMS Microbiology Reviews,
12: 21-38.

Cocaign-Bousquet, M., Garrigues, C., Novak, L.,
Lindley, N.D. & Loubiere, P. 1995. Rational
development of a simple synthetic medium
for the sustained growth of Lactococcus lac-
tis. J. Applied Bacteriology, 79: 108-116.

Cogan, T.M., Barbosa, M., Beuvier, E., Bianchi-
Salvadori, B., Cocconcelli, P., Gomez, R.,
Kalantzopoulos, G., Ledda, A. & Rodriguez.,
E. 1997. Characterization of lactic acid bac-
teria in artisanal dairy products. J. Dairy Res.,
64: 409-421.

Corroler, D., Mangin, 1., Desmasures, N. &
Gueguen, M. 1998. An ecological study of
lactococci isolated from raw milk in the cam-
embert registered designation of origin area.
Appl. Environ. Microbiol., 64: 4729-4735.

Egyptian Standards for Domiati Cheese 2005. ES:
3-1008. Ministry of Industry and Technolog-
ical Development, Egypt.

El-Abd, M.M., Abd El-Fattah, A.M., Osman, S.G.
& Abd El-Kader, R.S. 2003. Effect of some
lactic acid bacteria on the properties of low
salt Domiati cheese. Egyptian J. Dairy Sci.,
31: 125-138.

Engels, W.J.M., Dekker, R., De Jong, C., Neeter,
R. & Visser, S. 1997. A comparative study of

volatile compounds in water-soluble fraction
of various types of ripened cheese. Intern.
Dairy J., 7: 255-263.

Engles W.J.M., Hylckama Vlieg, J.E.T. & Smit,
G. 2003. Flavour formation in cheese by the
action of amino acids converting enzymes.
In: Dairy Processing: Improving Quality. G.
Smit (Ed.). Woodhead Publishing Limited,
Cambridge

Fahmi, A.H. & Sharara, H.A. 1950. Egyptian do-
miati cheese. J. Dairy Res., 17:312-320.

Fox, P.F., O’Connor, T.P., McSweeney, P.L.H.,
Guinee, T.P. & O’Brien, N.M. 1996. Cheese:
physical, biochemical and nutritional as-

pects. Advances in Food and Nutrition Res.,
39:163- 305.

Griffith, R. & Hammond, E.G. 1989. Generation
of Swiss cheese flavour compounds by the
reaction of amino acids with carbonyl com-
pounds, J. Dairy Sci., 72: 604-613.

Hassan A., Corredig M., Frank J.F. & El-Soda M.
2004. Microstructure and rheology of an
acid-coagulated cheese (Karish) made with
an exopolysaccharide-producing Streptococ-
cus thermophilus strain and its exopolysac-
charide non-producing genetic variant, J.
Dairy Res., 71: 116-120.

Hyronimus, B., Marrec, C., Hadj, A. & Deschamps,
A. 2000. Acid and bile tolerance of spore-
forming lactic acid bacteria. Intern. J. Food
Microbiol., 61: 193-197.

IDF 1979. Standard FIL-IDF 88A. Chloride. Brus-
sels, Belgium: International Dairy Federa-
tion.

IDF 1982. Standard FIL-IDF 4A. Total solid con-
tent. Brussels, Belgium: International Dairy
Federation.

IDF 1989. Standard FIL-IDF 115A. pH. Brussels,
Belgium: International Dairy Federation.

IDF 1997. Standard FIL-IDF 152A. Fat content.
Brussels, Belgium: International Dairy Fed-
eration.

Jack, R.-W., Tagg, J.R. & Ray, B. 1995. Bacterioc-
ins of gram-positive bacteria. Microbiology
Reviews, 59: 171-200.

Keefe, A.D., Lazcano, A. & Miller, S.L. 1995. Evo-
lution of the biosynthesis of the branched-

chain amino acids. Org. Life Evol. Biosph,
25:99-110.

41



Special Volume Conference, pp. 31-43, Mar. 2008

Alex. J. Fd. Sci. & Technol.

Klijn, N., Weerkamp, A., & De Vos, W.M. 1995.
Detection and characterization of lactose-uti-

lizing Lactococcus spp. in natural ecosystem.
Appl. and Environ. Microbiol., 61: 788-792.

Knoshaug E.P., Ahlgrent J.A., Trempy J.E. 2000.
Growth associated exopolysaccharide ex-
pression in Lctococcus lactis subsp cremoris

ropy 352, J. Dairy Sci., 83: 633- 649.

Kranenburg, R., Kleerebezem, M., Hylckama Vlieg,
J.,Ursing, B.M., Jos, Smit, B.A., Ayad, E.H.E.,
Smit, G. & Siezen, R. J. 2002. Flavour forma-
tion from amino acids by lactic acid bacteria:
predictions from genome sequence analysis.
Intern. Dairy J., 12: 111- 121.

Libudzisz, Z., Galewska, E., Libudzisz, Z., Piatkie-
wicz, A., Oberman, H. & Lubnauer, M. 1991.
Citrate metabolism in Lactococcus lactis spp
lactis var. diacetylactis strains. Nahrung, 35:
611-618.

Mittchell, H.K., Snell, E.E. & Williams, R. J. 1941.
The concentration of folic acid. J. the Amer.
Chem. Soc., 63: 2284.

Molimard, P. & Spinnler, H. 1996. Compounds in-
volved in the flavour of surface mold-ripened
cheese: origins and properties. J. Dairy Sci.,
79: 169-184.

Morgan, M. E. 1976. The chemistry of some mi-
crobially induced flavour defects in milk and
dairy foods. Biotechnology and Bioengineer-
ing, 18: 953-965.

Neeter, R. & De Jong, C. 1992. Flavour research
on milk product: use of purge-and-trap tech-
niques. Voedingsmiddelentechnologie, 25:
9-11.

Nijssen, L., Visscher, C.A., Maarse, H., Willemsens,
L.C. & Boelens, M.H. 1996. Volatile com-
pounds in food. TNO: Zeist, Netherlands.

Noomen, A. 1977. Noordhollandse Meshanger
cheese: a model for research on cheese rip-
ening. 2. The ripening of the cheese. Nether-
lands Milk and Dairy J., 31: 75- 102.

Otto, R. 1981. An Ecophysiological Study of Starter
Streptococci. PhD Thesis, University of Gro-
ningen, The Netherlands

Otto, R., Ten Brink, B., Veldkamp, H., & Konings,
W.N. 1983. The relation between growth
rate and electrochemical proton gradient on

Streptococcus cremoris. FEMS Microbiol.
Letters, 16: 69-74.

Perreten, V. 1996. Distribution, molecular char-
acterization and genetic mobilization of an-
tibiotic resistance genes in enterococci, sta-
phylococcus and lactic acid bacteria isolated
from food. Dissert. Abst. Intern., 57.

42

Poolman, B. & Konings, W.N. 1988. Relation of
growth of Streptococcus cremoris to amino
acid transport. J. of Bacteriol., 170: 700-707.

Reiter, B., & Oram, J.D. 1962. Nutritional studies
on cheese starters. J. Dairy Res., 29: 63-77.

Salama, F.M.M. 2004. Improving the quality of Do-
miati cheese. Proceeding 9th Egyptian Con-
ference for Dairy Science and Technology,
“Milk and Dairy Products for Future”, Dokki,
(9-11 October), Cairo, Egypt, pp. 385- 404.

Salama, M., Sandine, W.E. & Giovannoni, S.J.
1991. Development and application of oligo-
nucleotide probes for identification of Lacto-

coccus lactis subsp. cremoris. Appl. Environ.
Microbiol., 57: 1313-1318.

Sandine, W., Radich, E., & Elliker, P. 1972. Ecol-
ogy of the lactic streptococci. review. J. of
Milk Technol., 35: 176-181.

Smit, G., Verheul, A., Kranenburg, R., Ayad, E.H.E.,
Siezen, R. & Engels, W. 2000. Cheese fla-
vour development by enzymatic conversions
of peptides and amino acids. J. Food Res. In-
tern., 33: 153-160.

Smit, G., Hylckama, Vlieg J., Smit, B.A., Ayad,
E.H.E. & Engels, W.J.M. 2002. Fermentative
formation of flavour compounds by lactic
acid bacteria. The Austral. J. Dairy Technol.,
57: 61-89.

Urbach, G. 1995. Contribution of lactic acid bacte-
ria to flavour compound formation in dairy
products. Intern. Dairy J., 5: 877-903.

Urbach, G. 1993. Relations between cheese flavour
and chemical composition. Intern. Dairy J.,
3:389-422.

Visser, S. 1993. Proteolytic enzymes and their rela-
tion to cheese ripening and flavour: an over-
view. J. Dairy Sci., 76: 329-350.

Welsh, F.W., Murray, W.D. & Williams, R.E. 1989.
Microbiological and enzymatic production of
flavour and fragrance chemicals. CRC Criti-
cal Reviews in Biotechnology, 9: 105-126.

Weerkamp, A., Klijn, N., Neeter, R., & Smit, G.
1996. Properties of mesophilic lactic acid
bacteria from raw milk and naturally fer-
mented raw milk products. Netherlands Milk
and Dairy J., 50: 319-332.

Yvon, M., Berthelot, S. & Gripon, J.C. 1998. Add-
ing a-ketoglutarate to semi-hard cheese curd
highly enhances the conversion of amino ac-

ids to aroma compounds. Intern. Dairy J., 8:
889-898.

Yvon, M. & Rijnen, L. 2001. Cheese flavour forma-
tion by amino acid catabolism. Intern. Dairy
J., 11: 185-201.



Alex. J. Fd. Sci. & Technol. Special Volume Conference, pp. 31-43, Mar. 2008

Gl Olaelit| Sl A8 980 8 lactococei O¥ Yt & gt SBWE Y1 Gy
sbae agdl ppuan el
L)yl dala - Lab Llo - el IS - L3eY 1 pgle ans

sobian (po Ughae AN YV JoiS Lactococcus lactis o W TV oaad dgandl SLEAYT dlyo ) Sl laa Csag
Sl ol (3 LS sSS le Lg5a8) ellhy (B)lah) daelin ¥ T oasy "wild" (emsd (s (L néy 20) 2alitg
Oly Aseluall Sl Aol 5l psalall e 2alidg Logals ST Sl pans G daally Lsiaall jalsall auds 2505
Ugyal | YNl 20,810 LSl paead ais U] e §ja8 L 1385 Jalsxiayn bolad L i jolas (e Ugial | ¥l plane
Ciningl LS A Basae SlySy (68501 ol Balias Sl pe 0] e §508 Sl pass SOlSy Al pé jalas e
il Al LS o (3585 8 ¥l o SR U (T (GC-MS) Sl ol 301 L s 958 Sl Jalanill 5155
s Aaliae LSl (aea LK S (e asasdl O Lo e ¥ 1 alea 1 (pe Bl Liadley pundl ans 83l 250 pe  pnals
5SS 5l L] e 3810 ey Lol ] g (4SS e (0585 (e Ushoal 1) Lilatae J) Lhe¥l (aleadl Joadl s )1t
025S5 e Alle Byt S O L1 Ciaagly A Galea¥l gLy ¥l a8 Hlan] & 13 LYl (aleadl
0 Gellad i Sy abisall Gl (8 Ldala®l Sl pasy AT &y daaall Sl G,BL0 L] paladl
saa Al pud’s Bpaadl 2l g, 1yl g Gl Silaal GC-MS 3lgas Lale il 20U 2001 LS g peuad| a8l il
Slatiell Euanliy 2aliAs asalal Basa A0S0 pondy LSty & LSEAT u€ai SNl (o Siang (A Laandall SilaglEay|
g asalall 35S Lo §ya8ll Jrents pawd LAB (o wasl) (¥ 3alio & 1431l Silaglal | 53155 ae Siloslal lsdn
sl ye daalel LY Liens pelin SU0L gl

43



Special Volume Conference, pp. 31-43, Mar. 2008 Alex. J. Fd. Sci. & Technol.

44



