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ABSTRACT

Goat milk is a complete food but its
low level of folic acid diminishes its nu-
tritional efficacy. In this study, Strep-
tococcus thermophilus. Lactobacillus
| delbrueckii subsp. bulgaricus, Lb. del-
brueckii subsp. lactis and Lb. helveticus
strains were selected for folate produc-
tion in goat milk to improve its qual-
ity. A suitable HPLC method was de-
veloped to directly determine both to-
tal folate and its biologically active de-
rivatives such as 5-methyl-tetrahy-
drofolate (5-CH,-H -PteGlu). tetrahy-

RIASSUNTO

I latte di capra & un alimenio com-
pleto. tuttavia il suo valore nutriziona-
le &€ sminuilo dalla mancanza di acido
folico. Al fine di migliorare dal punto di
vista alimentare la qualita delle produ-
zioni caprine sono stali selezionati cep-
pi di Streptococcus thermophilus, Lacto-
bacillus delbrueckii subsp. bulgaricus.
Lb. delbrueckii subsp. lactis e Lb. hel-
veticus capaci di produrre folati in latte
di capra. E stata sviluppata una meto-
dica per la determinazione dei folati in
latte di capra mediante HPLC. L'anali-
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drofolate (I, PLeCrlu] and 5-for myl tet-
rahydrofolate (5-CHO- H -PteGlu). Re-
sults showed that S. thermophilus. Lb.
delbrueclcii subsp. lactis and Lb. helveti-

total folate than Lb. delbrueckii subsp.
bulgaricus. especially 5-CH_-H -PteGlu
and H,-PteGlu. Moreover the use of se-
i lected S. thermophilus sirains in asso-
| ciation with Lb. delbrueckii subsp. bul-
garicus resulled in yoghurt with a sig-
nificant quantity of folate and good or-
ganoleptic features,

INTRODUCTION

Folic acid and its vitamers such as 5-
methyl-tetrahydrofolate (5-CH -H -PteG-
lu), tetrahydrofolate (H,-PteGlu) and
5-formyl-tetrahydrofolate (5-CHO-H,-
PteGlu). commonly referred to as folate,
represent a group of essential vitamins
in human metabolism. These metabo-
lites take part in DNA and RNA biosyn-
thesis and repair (FOWLER, 2001}. More-
over. during early pregnancy. a diet with
insufficient folate is linked with a minor
risk of neural tube defects in the foetus
(LOCKSMITH and DUFF. 1998: OAKLEY,
1999: BERRY et al.. 1999). Folate defi-
ciency is also the most Irequent cause
of megaloblastic anemia and hyperho-
mocysieinemia (HERCBERG and GALAN,
1992). Hence. the importance ol ingest-
ing a sullicient daily quantity of folate,
as well as knowing its content and bi-
oavailability in food has been reviewed

by SARMA et al. (1995) and WIGERTZ ef

al. (1997).

Milk and its lermented derivatives can
be an important source of folate. That is
why several methods for extraction and
HPLC analysis of folate from milk and
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cus strains produced higher amounts of

si ha riguardato sia i folati totali che le ‘
forme biologicamente attive quali il 5- |
metil-tetraidrofolato (5-CH,-H, Pl(,(_,lu} i
il tetraidrofolato (H, I’tt‘(:lu) ¢ il 5-for- |
mil-tetraidrofolato {5 CHO-H - Pte(:lu}.
1 ceppi delle specie S. thfermophilus. Lb. |
delbrueckii subsp. lactis ¢ Lb. helveti- ‘
cus hanno prodotto piu folati totali ri- |
spetto al Lb. delbrueckii subsp. bulga- |
ricus ¢ in particolare 5-CH,-H -PteGlu |
e H,-PteGlu. L'impiego di ceppi selezio- |
nati di S. thermophilus in associazione |
con Lb. delbruecikit subsp. bulgaricus |
ha inoltre consentito di ottencre uno |
vogurt da latte di capra con un eleva- |
to tenore di folati e buone caratteristi- |
che sensoriali.

dairy products have been proposed in a
number of studies also aimed at defining
a standard method of determination that
is currently lacking (VAITERISTO et al..
1996; 1997: RUGGERI et al., 1999; KON-
INGS, 1999 WIGERTZ et al., 1997).
F‘o.l’}tc quantity and composition in
milk and dairy products is affected by
several factors such as the process-
ing technology ol milk and the time
and incubation temperature (WIGERTZ
et al., 1997: FORSSEN ef al., 2000: LIN
and YOUNG, 2000b; CRITTENDEN et al.,
2003). However, differences in folate con-
tent are greatly affected by different milk
sources. It is generally known that goat
milk is excellent for yoghurt and {resh
cheese production because of the bal-
anced content of both essential amino
acids and fatty acids, hypo-allergenicity
and dli.{(?bl]bl]ll\ (PARK, 1994: HAENLEIN,
2004). Despite this, goat milk is dra-
matically lacking in folate (UBERTALLE,
1986). Lactic Acid Bacteria (LAB) can be
another key factor in folate biosynthe-
sis and/or consumplion in dairy prod-
ucts (RAO et al.. 1984: WIGERTZ et al.,
1997). Several researchers have inves-
tigated the ability of different LAD spe-



cies (such as Streptococcus thermophilus,
Lactobacillus delbrueciii subsp. bulgari-
cus. Lactococcus lactis subsp. lactis and
Lc. lactis subsp. cremoris) to affect the
folate content of skim milk (Oxoid) and
full-cream milk (LIN and YOUNG, 2000a:
CRITTENDEN et al.. 2003). However. there
is a substantial lack of information on
the folate content of different fermented
products made from goat milk, e.g. yo-
ghurt, and at the same time not much
is known about the influence of dilfer-
ent LAB species (and strains) on the folic
acid content and its vitamers (SYBESMA
et al., 2003). The aim of this work was to
assess folate production by Streptococcus
thermophilus, Lactobacillus delbrueckii
subsp. bulgaricus, Lb. delbrueckii sub-
sp. lactis and Lb. helveticus strains in
goal milk. Moreover certain LAB strains
were also characterised [or suitable tech-
nological features essential for yoghurt

production. Finally selected cultures of

S. thermophilus and Lb. delbrueckii sub-
sp. bulgaricus were used to obtain goat
voghurt with a substantial folate content
and with good sensory features.

MATERIALS AND METHODS
Bacterial slrains

Different LAB strains autochthonous
to goat milk (apart from the reference
strains). and belonging to the collection
of the Dipartimento di Scienze Ambien-
tali Agrarie ¢ Biotecnologie Agro-Alimen-
tari. University of Sassari (ltaly). were
used. Twelve S. thermophilus strains
(SL1, SL2, SL3. SL4, SL.7, SF5. SY2. SY4,
851, $52. $34 and NCDO489 as refer-
ence strain), three Lb. delhrueckii sub-
sp. bulgaricus (LY1. LY2 and CNRZ369
as reference strain), one Lb. delbrueckii
subsp. lactis strain (LF14), and one Lb.
helveticus (LF22) were lested for folaie
production and characterised f[or some
relevant technological features such as
growth speed and aciditying activity, All

the tests were carried oul in triplicate in
sterilised whole goat milk.

Folate analysis by HPLC

The folate production of S. thermophil-
us, Lb. delbrueckii subsp. bulgaricus, Lb.
delbrueckii subsp. lactis and Lb. helve-
ticus strains was quantified after inoc-
ulation and growth in sterile goat milk.
Folate production of mixed cultures
made of S. thermophilus and Lb. del-
brueckii subsp. bulgaricus strains was
assessed in goat yoghurt. Single strains
and mixed cultures (1:1 ratio) were in-
oculated at the final rate of 1% in sterile
goat milk and folate determination was
assessed after 8 hours of incubation at
42°C. The method of VAHTERISTO et
al. (1996; 1997) was basically employed
for folate analysis. However substantial
modifications were introduced to adapt
the methodologies to goat milk.

Folate extraction: 5 mL samples of
fermented milk or yoghurt were homog-
enised with 25 mL of extraction bufl-
er (0.1 M phosphate buffer containing
0.5% sodium ascorbate and 0.1% (v/v)
2-mercaptoethanol pH 6.0) using an Ul-
tra Turrax Homogenizer (13.500 rpm for
20-30 seconds). The homogenized sam-
ple. carefully protected against light, was
incubated under nitrogen atmosphere in
a boiling water bath for 15 minutes. The
extract was rapidly ice-cooled and cen-
trifuged at 4°C for 30 minutes at 12,000
x g. The supernatant was separated and
the pellet dissolved again in 10 mL of ex-
traction buffer and centrifuged at 12,000
x g for another 10 minutes. Finally the
supernatant was separated, added to
the first supernatant and the mixture
brought to volume up to 50 mL with the
extraction bulfer.

Deconjugation: a large quantity of
folate is present in food as polvgluta-
mates (FINGLAS et al.. 1999). In or-
der to be detected and identified, they
need to be converted into the respective
monoglutamates using deconjugation
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enzymes. For this purpose, the Human
Plasma (HP) enzyme from Sigma-Aldrich
Chemical was used. The enzvme aclivi-
iy was tested by adding 50 pL of HP 1o
30 pg of pteroil-y-L-polyglutamate (PteG-

lu) in 1.3 mL of 0.1 M acetate buffer at
pH 4.9. This mixture was incubated ai
37°C for 45 minutes, filtered through
a 0.45 pm filter and injected into the
HPLC. The analysis showed that 90%
of the pteroil-y-L-polyglutamic acid was
converted into folic acid. This 90% effi-
ciency rate was used to adjust the total
folate readings. For the deconjugation
reaction, 5 mL of extract, brought to pH
4.5 with 0.1 M HCI] was added to 3 mL
of HP and incubated in a gently shak-
ing water bath at 37°C for 3 hours. The
extract was put into boiling water for 5
minutes in order to stop the enzyme ac-
tivity. then ice-cooled and centrifuged at
10,000 x g for 10 minutes.

Purification: 3 mL of deconjugated ex-
tract were diluted with 6 ml. of distilled
water and 15 pl of 2-mercaptoehtanol
to lower the salt concentration before in-
jecting it through the strong anion ex-
change columns. Bakerbond SPE. Qua-
ternary Amine (N°).

Cartridges. previously conditioned
with hexane, methanol and distilled wa-
ter and treated with 0.01 M phosphate
buffer containing 1% of 2-mercaptoetha-
nol, were loaded with 3 mL ol sample and
washed twice with 1.5 mL of the same
phosphate buffer as used for column
conditioning. Finally, folate were eluted
with 2.5 mL oitiuam buffer (0.1 M sodi-
um acetate) containing NaCl at 10% w/
v and ascorbic acid at 1% w/v.

The eluate was filtered through 0.45
pm filters and 20 pl of this solution
were injected into the HPLC. Instru-
ments were: a pump system with three
solvents and gradient control (Varian
9010}, a variable wavele ngth uv/vis de-
tector (Varian 9050) and a Linear Fluo
LC 305 fluorometer. A Shandon Hyper-
sil ODS (3 ym. 150x4.6 mm) column
was used together with a Novapak C18
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pre-column, thermostated at 30°C with
a thermostat (Timberline Instruments,
Ine., Boulder CO, USA).

Operating conditions were as follows:
Mobile phase: A = phosphate hufl'er (pH
2.2): B = acetonitrile: Flow rate: 1 mL/
min: Gradient: 0 min. 90% A: 9 min.
90‘ % A 12 min. 74% A: 20 min. 90% A:

Wavelengths for fluorometrie determina-
tions: Excitement = 290 nm. emission
= 3566 nm for determining tetrahydro-
[olate (H -PteGlu). 5-methyl-tetrahydro-
folate (5 CH,-H -PteGlu) and 5-formyl-
Letmhvdm{nlaro (5-CHO-H, -PteGlu):
Wavelength for determining ‘folic acid
and pteroil-y-L-polyglutamate (PteGlu,)
= 290 nm.

Quantitative folate analysis was per-
formed using a calibration curve made
up of 5 different concentrations of stand-
ard compounds. Standards were tetrahy-
drofolate (H-PteGlu). 5-methyl- lelmhv-
drofolate (5- CH,-H_-PteGlu). 5-formyl-
lel'mhydm[oldle{) CH() H,-PteGlu). and
folic acid (Sigma-Aldrich]) and pteroil-y-L-
polvglutamate (PteGlu,) (Schircks Labo-

ratories, Jona, CH). Standard solutions
were prepared by dissolving each com-
pound in 0.1 M phosphate buffer at pll
7: aliquots of these solutions were an-
alysed spectrophotometrically o deter-
mine the purity level according to KON-
INGS (1999). Standard mixtures for the
calibration curve were prepared using
the rates of these solutions. brought to
volume in 0.01 M acetate buffer contain-
ing 1% w/v sodium ascorbate at pH 4.9,
Recovery percentages of 5-CH,-H -PteG-
lu and folic acid were also determined in
order to evaluale the substance losses
during the extraction sieps: they were
100% and 99% for 5-CH -H_-PteGlu and
folic acid. respectively.

Growth and acidification curves
in goat milk

The technological suitability of differ-
ent strains for yoghurt or fresh cheese
production was assessed in sterilized



goat milk by inoculating each LAB strain
to the final rate of about 1x10° cells
mL'. Growth abilities were assessed
by determining the viable LAB count
after 2. 4, 6, 8 and 24 h of incubation
in goat milk at 42°C. Post-aciditication
trials were carried out by determining
the viable count on plate and the acid-
ifying activity after 8 h and 5, 15 and
30 days of storage at 4°C in goat milk.
Colony Forming Units (CFUs) were de-
termined in both ihe trials on solidified
M17 and MRS media. Acidity determi-
nations were carried out in 10 mL of
milk titrated with 0.1 N NaOH. Phenol-
phthalein was used as indicator and
acidity is expressed as percent of lac-
tic acid or Dornic degrees (“ID = 0.01%
lactic acid). These trials were also car-
ried out on mixed cultures (SL1 + LY1
and SL1 + LY2) inoculated in sterile goat
milk at a 1:1 ratio.

Yoghurt production

Yoghurt was produced at a pilot scale
using goal milk treated at 92°C for
10 min. The mixed strains SL1 + LY1
and SL1 + LY2 were used. A commer-
cial product was also used for compar-
ison. Mixed cultures were inoculated in
goat milk at the 1:1 ratio and incubat-
ed at 42°C for 8 h. Sensory features of
yoghurts were determined according to
BATTISTOTTI {1983) and by a panel of un-
trained tasters consisting of 20 habitual
voghurt consumers.

Statistical analysis

The means and standard deviations
were determined for the different folate
forms detected in fermented goat milk
and yoghurts. Mean values were com-
pared by the Analysis of Variance (ANO-
VA) followed by the Fisher Least Signif-
icant Difference (L.SD) method (signifi-
cant level p<0.05). Data analysis were
performed using the NCSS stalistical
analysis software,

RESULTS AND DISCUSSION

Folate production
by different LADB species

Although a very low amount of folate
is commonly present in goat milk (UBER-
TALLE. 1986). folate vitamers were not
detected in the uninoculated goat milk
used in this study, most likely because
the goat milk was heat-sterilized be-
fore LAB inoculation. This was expected
since significant folate losses during UNT
treatment have been previously reported
(WIGERTZ et al., 1998). The folate level
was then measured 8 h alter LAB inocu-
lation in goat milk. In preliminary trials
this time was found sufficient for all the
strains (single and mixed) to reach the
maximum growth in goat milk. Morco-
ver LIN and YOUNG (2000b) have already
shown that folate production by LAB is
basically growth-associated. reaching
the highest (folate) content before the
stationary phase and then declining dur-
ing fermentation and storage. Therefore
in the present study. the folate level was
not assessed during the late fermenta-
tion stage and storage.

All the S. thermaphilus strains evalu-
aled produced different folate vitamers,
especially H -PteGlu and 5-CH -1 -PteG-
lu. which were the most abundant forms
(Table 1). The high production of 5-CH, -
H,-PteGlu by several strains (e.g. SL1.
SL4 and SS4) is important since this vi-
tamer plays a significant role in human
metabolism converting homocysteine
into methionine and thus contributing
to reducing the risk of cardiovascular
disease (RIDDEL et al.. 2000; SELHUB et
al.. 2000: GRUNDY et al.. 1999). More-
over as recently reviewed by FORSSEN
et al. (2000), there are substantial cdil-
ferences in the stability between various
reduced folate forms (H,-PteGlu). Gen-
erally the order of 5Lab1h{y for the dif-
ferent vitamers considered in this study
1& as follow: 5-CHO-H,-PteGlu > 5-CH. -

H,-PteGlu > H, Ple(:lu (FORSSEN et al.,
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Table 1 - Production {ng/g} of tetrahvdrofolate (ll PreGlu), 5-methyl-tetrahydrofolate {5-CH,-H -PteG-
lu) and 5-lormyl-tetrahvdrololate (5- ‘CHO- H -Pte Glu) in goal milk inoculated with Slrepfa(woccus ther-
mophilus. Laciobacillus delbrieekii subsp. bmqmacus Lactobacillus detbrueckii subsp. lactis and Lae-
tobacillus helveticus strains (average values of three determinations * standard deviations). Values in
the same column with different letiers are %ignii‘iranllv different {p<0.05).

! H,PteGlu 5 (‘H -H, PteGlu §-CHO-H,PteGlu Total folate

i S thermophilus

{ St 20.99:1.73" 21.11£2,98" 17.24+2.86" 59.33£7.57 °

i SL2 12.67+1.77¢ 18.08+0.18° 18.44+1.43° 49.19£3.02°
SL3 11.85x1.014 17.76+0.68° 14.83<0.04* 44.43+1.73¢
sS4 18.52+2.00* 22.14+4 827 - 40.66+2.82"°
SL7 18.94° 30.72¢ - 49.66¢
581 22.40+1.32° 7.27:0.657 17.96+0.51¢ 47.63+2.47¢
882 20.40£1.70° 4,3020.42* - 24.70+£2.12'
S84 14.53+1.68° 23.52+0.17° 21.50:0.08¢ 59.54x177°¢
Sy2 22.72+1.10° 8.01:0.22° 12.48:0.16¢ 43.20x1.154
SY4 25274057 4.77+1.36"° 18.62+0.69° 48.65+6.10°¢
SFS 18.32:0.11° 16.06:0.85° 12.15+£0.81¢ 46.53+0.15¢

i NCDO 488 6.50:0.02° 6.95+0.43° 3.3120.11" 16.76+0.56¢

i Lb bulgaricus

i Ly1 21.68:0.28" 7.69+0.3" 3.51x0.54' 32.87+0.52¢

i Ly2 16.52+0.64° 5.64+0.37° 5.35+0.01*¢ 27.51:0.28'

CNRZ 369 - 5.45:0.15° - 5.45"

Lb. lactis

| LF14 28.24:0.17¢ 24.39:0.25° 10.52:0.49° 63.15+0.61°

| Lb helveticus

i LFe2 21.220.4° 24.95:0.10° 6.22+0.23" 52.37+0.37¢

2000). Table 1 shows that SL1 and S34
strains produced substantial quantities
of total folate and were the most efficient
S. thermophilus strains. The high pro-
duction o!‘li -PteGlu by SY4 (25.27 ng/
g) has to be pomtc-d out since B ~-Fless-
Iu has been reported to be the' prev:
lent form ol folate in millk/dairy prod
ucts (WIGERTZ et al.. 1997). The other
strains showed less ability to produce
the dilferent vitamers especially 5-CHO-
H,-PteGlu. These findings are in contrast
with SYBESMA et al. (2003) who report-
ed that 5.10-methenyl and 5-formyl tel-
rahydrofolate were the major folate deri-
vates of S. thermophilus grown on M17
medium. It must be pointed out that
these authors evaluated the folate pro-
duction ability of three S. thermophilus
strains, while in this study. 12 strains
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were evaluated which gives a more com-
plex picture in which 5-CHO-H -PteGlu
and 5-CH_-H -PteGlu are the m’xjor folate
derivates for Unlv some strains (e.g. SL2,
SL3 and $S4). The S. thermophilus refer-
ence strain NCDO489 (not isolated from
goal dairy products) produced a lower
amount of total folate and showed some
substantial difficulties to grow and sur-
vive (Table 2).

The Lb. delbrueckii subsp. bulgari-
cus strains generally produced a low-
er amount of total folate than S. ther-
mophilus (Table 1). Although some au-
thors have shown the ability of Lb. del-
brueckii subsp. bulgaricus to produce
folate on reconstituted Skim Milk (LIN
and YOUNG, 2000b), some strains have
been reported to be folate-depleting (RAO
etal., 1984). The ability of different Lacto-



i subsp. bulgaricus

[SL1. NCDO489). Lb. delbruec

- (a): viable count (el ml ') and acidity curves (% ol Lactic acid) of 8. thermophilus
fu ml '} and post-acidilication (Yo

(LY1. CNRZ369). L. detbrueckit subsp. lactis (LF14),

(B): viable count

Table 2

LF22

LF14

Ly1 CNRZ 369

NCDO489

SL1

Acidity

Acidity  Viable count

Acidity  Viable count

able count

Vi

ty Viabie count Acidity

Acidi

Viable count

Acidity

Viable count

0.18
0.22
0.30
0.33

0.45

6.70E+05
3.50E+06
2.20E+07
2.80E+07
3.80E+07
4.60E+06

215
c.17
0.33
0.42
0.57
0.90

8.00E+05
3.40E+06
2.80E+07
3.20E+07
4.40E+08
8.40E+06

0.15
0.15
0.18
0.31
0.60
1.30

8.00E+05
3.00E+06
4.00E+06
8.10E+06
9.00E+07
8.00E+06

0.16
0.32
1.13
1.71

0.65
1.10

2.91E+06
1.12E+07
2.00E+07
2. 60E+08
5.60E+08
8 40E+(8

619
g.28
0.34
0.40
0.55
0.51

4.70E+05
1.70E+07
340E+08
5.60E+08
8.20E+08
8.00E+07

0.2¢
g.21
0.26
0.50
0.68
0.84

1.03E+06
3.00E+07
4.00E+08
5.40E+08
9.40E+08
4.60E+08

Time

0.33

052 |
056 |
061 _}

i

3.80E+07
1.70E+07
3.80E+07
3.50E+07

0.57
0.70
0.74
0.81

4.40E+08
3.40E+08
1.60E+08
3.30E+06

0.60
0.82
0.81
0.

9.00E+07
7.10E407
4.20E+07
1.40E+06

oo |
-

A

e

1.1

5.60E+08
3.12E+08
5.90E+07
2.85E+07

0.55
0.49
0.40

0.44

8.20E+08
8.10E+08
2.20E+08
1.30E+08

0.69
0.61
0.71
0.71

9.40E+08
9.30E+08
9.20E+08
8.04E+08

30d
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bacilius strains and species Lo in-
fluence the folate level in dairy
products is currently under dis-
cussion. In a recent study CRIT-
TENDEN et al. (2003) showed that
starter cultures made of Lactoba-
cillus spp. (e.g. L. helveticus and
L. acidophilus) generally did not
significantly influence folate lev-
els when grown on reconstituted
Skim Milk. even if Lb. delbrueck-
ii subsp. bulgaricus CSCC2505
and CSCC5168 have been de-
scribed as folate producer and
depleting strains. It scems that
al least within the Lb. delbrueck-
it subsp. bulgaricus species a cer-
tain variability for folate produc-
tion exists and is strongly strain-
specilic.

With respect to different vi-
tamers. the H -PteGlu produc-
tion of Lb. delbrueckii subsp. bul-
garicus was 21.68 ng/g, lor the
LY1 strain, and 16.52 ng/g for
LY2. The reference strain CNRZ
369 (not isolated from dairy goat
products) was only able to pro-
duce 5-CH,-H -PteGlu. The refer-
ence cultures used in this study
showed evident growth diflicul-
ties in goat milk (Table 2). thereby
confirming the necessity ol using
autochthonous starter cullures
for goat milk processing and/or
improvement of probioticity or
nutritional value.

Lb. helveticus produced 52.37
ng/g of total folate and the high-
est amount of 5-CH_-H -PteGlu
(24.95 ng/g). The Lb. delbrueck-
ii subsp. lactis used in this work
was by far the most productive
among the tested species, for
both total [olate (63.15 ng/g) and
H,-PteGlu (28.24 ng/g) produc-
tion. This is ol particular impor-
tance since this is the first report
(to our knowledge) on folate pro-
duction by Lb. delbrueckii sub-
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sp. lactis. However further studies are
necessary to assess whether the folate-
producing ability of Lb. delbruecikii sub-
sp. laciis is strain-specific, as it seems
to be for Lb. delbrueckii subsp. bulgari-
cus. or if it is common to all the mem-
bers of the species, as in the case of S,
thermophilus.

Folate production
of mixed strains in voghurt

Folate production of mixed cultures
01 LAB grown in goal milk is reported in
Table 3. The highestl production of total
folate was 46.93 ng/g (SL1+LY2), signili-
cantly lower than those obtained for sev-
eral S. thermophilus strains (Table 1), A
comparison between folate contents in
Tables 1 and 3 shows that lolate pro-
duced by SI.1 [smg,](' culture) was high-
er. especially for 5-CH -H,-PleGlu and
5-CHO-H,-PteGlu, than those obtained
with the combined strains SL 1+LLY1/
LY2. Total folate production was high-
er for the mixed cultures SL1+LY2 in
which. growth and acidification of the
Lactobacillus was reduced (Figs. 1 and
2). 1t is interesting that L.Y2 alone was
found to be a lower folate producer com-
pared to LY1 (Table 1). A lower produc-
tion or accumulation of different vita-
mers and/or (otal folate in the medium
could be due to the (partial) utilization
of folate by Lb. delbrueckii subsp. bul-
garicus as previously reported (RAO et
al.. 1984: RAO and SHAHANIL, 1987). RAO
el al. (1984) showed that Lb. delbrueckii
subsp. bulgaricus (ATCC 11842) deplet-

ed the available folate in reconstitul-
ed Skim Milk when inoculated as sin-
gle and mixed culture together with S.
thermophilus (RAO et al., 1984). On the
contrary in our study it was found that
Lb. delbrueckii subsp. bulgaricus, in-
oculated as single strains. increased
the total folate level of fermented goat
milk while no additive effect was ob-
served when they were inoculated to-
gether with S. thermophilus. CRITTEN
DEN et al. (2003). studying the synthe-
sis and utilization of lolate by voghurt
starter cultures. reported similar find-
ings. It seems reasonable to assume
that, in mixed culture. strains ol Lb.
bulgaricus influence the folate produc-
tion of S. thermophilus through a pos-
sible inhibition mechanism or alterna-
tively by folate consumption.

In the present study, a method, es-
sentially adapted Irom VAHTERISTO et
al. (1996, 1997). was set up for folate
extraction and determinalion in dairy
products from goat milk. Dilferent ex-
traction procedures have been emploved
or proposed by several authors to ex-
tract folates from different types of food
samples (ENGELHARDT and GREGORY.
1990; VAHTERISTO et al. 1996: KON-
INGS. 1999: KONINGS et al.. 2001). Basi-
cally all of these authors used different
v-glutamyl hvdrolases for the deconju-
gation such as hog kidney (HK). chick-
en pancreas (CP) and rat plasma (RP)
conjugases. Moreover. some of these
enzymes (i.e. HK) need an extraction
or preparation step before use (ENGEL-
HARDT and GREGORY., 1990). In this

Table 3 - Production (ng/g) ol tetrahydrofolate (11 -PleGlu). 5-methyl-tetrahydrotolate {(5-CH, -H,-PteGlu)
and 5-formyl-tetrahyvdrotolate (5-C HO-H, -PleGlu) in g()d! milk inoculated with mixed cultures of S. iher-
mophilus and Lb. delbruecicii subsp. .’Ju!qrmrus strains {average values of three determinations + stand-
ard deviations). Values in the same column with different letters are s;gmlmmllv different (p<0.05).

S rhermophrfus H, PteGlu 5-CH,-H PleGiu 5 CHO H,PteGlu Tolal Folate
[+ Lb bu!ﬂaqcus

SU + LY1 20.66+0.31° 6.89:0.19° 9.21:0.01¢ 36.7520.49
| SL1+Ly2 18.3412.93* 10.97£1° 17.6221.68° 46.93£5.61%
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study, the HP (Human Plasma) enzyme
was used for the deconjugation step
because of its greater availabililty com-
pared to the other enzymes. It is cur-
rently widely used [or folate determina-
tion (HPLC methods) in milk and dairy
products by several research groups
(LIN and YOUNG, 2000b; SYBESMA et al..

2003). KONINGS (1999) and KONINGS el
al. (2001) determined folate concentra-
tions in different food samples using
rat plasma alter treatment with prote-
ase and amylase. the latter being aimed
at detecting the matrix-bound folate. In
this study protease and amylase were
not used since this treatment is com-
monly used for folate extraction from
food stuffs which contain a consider-
able amount of protein, starch and car-
bohydrate matrixes. However the appli-
cation of this method (o different milk
and dairy products did not clearly show

the presence of substantial amounts of

matrix-bound folate in voghurt (KON-
INGS et al., 2001).

Growih and acidilication
of S. thermophilus and lactobacilli
in goat milk

Results concerning the growth and
acidifying activities of selected S. ther-
mophilus and lactobacilli strains are re-
ported in Table 2. The growth of S. ther-
mophilus in goat milk was rapid during
the [irst hours of incubation. but lat-
er a certain slowing down occurred and
the microbial population did not reach
values higher than 10Y cells mL'. The
dgrowth rates of Lh. delbrueckii subsp.
bulgaricus were rather slow and reachedl
their maxima after 8 hours of incuba-
tion. whereas acidification followed a typ-
ical trend for this species. Post-acidifica-
tion trials highlighted a good tolerance
of LAB strains to storage at 4°C while
showing the superior ability of autoch-
thonous lactic acid bacteria to survive in
goat milk with high numbers for at least
30 days (Table 2).

Growth and acidification
ol mixed strains in goat milk

Both the speed of growth and the acid-
ification ability of S. thermophilus SL1
mixed with Lb. delbrueclkii subsp. bul-
garicus LY1 (Figs. 1 and 2) showed a typ-
ical trend. Instead S. thermophilus SL.1
associated with Lb. delbrueckii subsp.
bulgaricus LY2 did not show the charac-
teristic synergism for growth and acidifi-
cation. In this case LY2 was the slowest
strain for both growth and acidification.
The presence in goat yoghurt of a high
number of living LAB after 4 weeks (Fig.
3).ora sulhtdnlml concentration of nat-
urally-produced lunctional metabolites
such as folate. can certainly be consid-
ered as a positive feature.

Yoghurt production
and sensory analyses

Yoghurts made on a pilot scale using
LAB strains selected for folate produc-
tion and technological suitability showed
some encouraging results when com-
pared with a commercial product. The
sensory features examined were appear-
ance, texture, smell and taste. The ex-
perimental yoghurts had a proper thick
appearance, a creamy and smooth tex-
ture: the whey was not separated and
the smell was excellent and sweet. The
tasie of both the experimental voghurts
was generally judged as good. palatable,
not too sour. and similar to the commer-
cial goat yoghurt.

CONCLUSIONS

The ability of S. thermophilus. Lb. del-
brueckii subsp. bulgaricus. Lb. delbrueci-
ii subsp. lactis and Lb. helveticus to pro-
duce folic acid or its vitamers in goat
milk and their technological suitability
for improving goat milk products, par-
ticularly goat yoghurt, were examined.

They all produced different folate vitam-
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Fig, 1 - Growth curves (cfu mbL') of mixed S. thermophitus SL1 and Lh. detbruecldi subsp. bulgaricus

LY (&) and LY2 (b} strains grown in goat mille at 42°C (average of three determinations).

ers (5-CH,-I1 -PteGlu. 5-CHO-H -PteGlu.
H, PteGlu] In general, 5-CH, - f! -PteGlu
and H,-PteGlu, the most unpmtanl vi-
mmt‘rs from a functional point of view,
were produced at a higher level. Folate
production did not seem to be alfected
by the physiological features of the LAB
examined, which had a different behav-
ior. particularly in speed of growth and
acidifving activities.

Resulis related to folate production
by voghurt starter cultures suggest that
consumption of folate by Lb. delbrueckti
subsp. bulgaricus strains may occur. On
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the other hand. the low amount of folate
produced by mixed cultures (compared
to single cultures) in fermented goat milk
could be related to some inhibitory ef-
fects of the lactobacillus towards the S.
thermophilus.

These results can be considered a
useful contribution to the knowledge of
folate produced by lactic acid bacteria. A
suitable analytical method for determin-
ing folate in goat milk and dairy prod-
ucts was also set up. The results from
this study are encouraging, especially
from an application point of view, since
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the use of folate-producing LAB isolated
from different goat dairy products could
contribute to the nutritional improve-
ment of goat milk products.
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