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Basic nutritional investigation

A novel dairy product fermented with Propionibacterium freudenreichii
improves the riboflavin status of deficient rats
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bstract Objective: Riboflavin deficiency is common in many parts of the world, particularly in developing
countries. The use of riboflavin-producing strains in the production of dairy products such as
fermented milk, yogurt, and cheese is feasible and economically attractive because it would decrease
the costs involved during conventional vitamin fortification and satisfy consumer demands for
healthier foods. The present study in a rat bioassay assessed the response of administration of yogurt
containing a riboflavin-producing strain of Propionibacterium freudenreichii on the riboflavin status
of deficient rats.
Methods: Propionibacterium freudenreichii NIZO B2336 is a spontaneous roseoflavin-resistant
mutant derived from P. freudenreichii B374 that produces larger amounts of riboflavin than the
parental stain. Rats were fed a riboflavin-deficient diet for 21 d (depletion period), after which this
same diet was supplemented with conventional yogurt, yogurt containing the riboflavin-producing
strain (B2336), or the parental non-producing strain (B374) and fed to animals for 28 d (repletion
period). As controls, rats were fed the same diet with different concentrations of commercial
riboflavin.
Results: The novel fermented product containing P. freudenreichii B2336, with increased levels of
riboflavin, eliminated most physiologic manifestations of ariboflavinosis such as stunted growth,
high erythrocyte glutathione reductase activation coefficient values, and hepatomegaly that were
observed when using a riboflavin depletion-repletion model, whereas the product fermented with the
non–riboflavin-producing strain did not show this beneficial effect.
Conclusions: Consumption of such products with increased levels of riboflavin on a regular basis
may help prevent deficiencies of this essential vitamin. © 2006 Elsevier Inc. All rights reserved.

Nutrition 22 (2006) 645–651
www.elsevier.com/locate/nut
eywords: Riboflavin; Propionibacterium freudenreichii; Yogurt; Lactic acid bacteria; Fermented milk
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Riboflavin (vitamin B2) is a water-soluble vitamin
elonging to the B-complex group that is important for
ptimal body growth, red blood cell production, and
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elease of energy from carbohydrates and fatty acids. In
he body, riboflavin is found primarily as an integral
omponent of the coenzymes flavin adenine dinucleotide
FAD) and flavin mononucleotide. These flavin-containing
oenzymes participate in redox reactions in numerous
etabolic pathways such as metabolism of carbohy-

rates, fats, and proteins. In addition, flavin-containing
oenzymes are associated with the metabolism of folate,
obalamin, vitamin B6, and other vitamins, which is the
eason plasma riboflavin is one of the determinants of

lasma homocysteine levels, a factor known to influence
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he risk of cardiovascular disease, pregnancy complica-
ions, and cognitive impairment [1].

Although riboflavin is found in a wide variety of foods
i.e., lean meats, poultry, dairy products, fish, grains, broc-
oli, turnip greens, asparagus, spinach, and enriched prod-
cts), vitamin B2 deficiency is common in many parts of the
orld, particularly in developing countries [2], but can also
e found in industrialized countries in the elderly [3,4] and
oung adults [5,6].

Vitamin B2 status in humans has usually been assessed
y measuring the erythrocyte glutathione reductase activa-
ion coefficient (EGRAC), which is the ratio between glu-
athione reductase activity as determined with and without
he addition of the cofactor FAD [7]. Glutathione reductase
oses FAD at an early stage in vitamin B2 deficiency,
aking EGRAC a useful method for the diagnosis of vita-
in B2 deficiency [8].
Riboflavin-deficient rat models have been used to study a

ide range of biological effects exerted by riboflavin. Using
hese models, it has been shown that riboflavin (1) is important
n the early postnatal development of the brain [9] and gastro-
ntestinal tract [10,11], (2) is able to modulate carcinogen-
nduced DNA damage [12,13], (3) plays a role in iron absorp-
ion and utilization [14,15], and (4) can modulate inflammatory
esponses [16]. Data obtained using these models can also be
xtrapolated to human clinical data [17].

It has been reported that Lactococcus lactis subspecies
remoris strain NZ9000 can be converted from a vitamin B2
onsumer into a vitamin B2 “factory” by overexpressing its
iboflavin biosynthesis genes [18]. This genetically modi-
ed strain was capable of producing riboflavin with a bio-
vailability similar to that of commercially available ribo-
avin [19]. This strain was also used in the elaboration of a
ovel fermented milk-based food that was able to improve
he riboflavin status of depleted animals [20]. However, the
se of such genetically modified bacteria in the manufacture
f novel fermented foods is not feasible in most countries
ue to the lack of confidence in the safety of genetically
odified organisms by consumers. Moreover, current leg-

slation in most countries does not permit the addition of
ive genetically modified strains in food products for human
onsumption, thus strongly limiting the use of the overpro-
ucing strain used in these previous studies.

Kukanova et al. [21] described a method to select
oseoflavin-resistant mutants of Bacillus subtilis, which
ere found to produce high levels of riboflavin. We used

his method to select a spontaneous riboflavin overproduc-
ng strain of Propionibacterium freudenreichii. Roseofla-
in-resistant mutants of L. lactis have recently been char-
cterized by Burgess et al. [18]. They demonstrated the
resence of nucleotide replacements and deletions in the
egulatory region of the rib operon. Such spontaneously
iboflavin-overproducing strains have a considerable advan-
age over the genetically engineered strain because they can
e promptly implemented in industrial fermentation for hu-

an consumption (European Council Directive 90/220/ F
EC) and because these strains are not considered geneti-
ally modified organisms.

The main objective of this study was to demonstrate that
he addition of a spontaneous riboflavin overproducing
train of P. freudenreichii in a fermented milk product could
e used to improve the riboflavin status of deficient rats,
hereby eliminating the need of costly fortification of this
ssential vitamin.

aterials and methods

ogurt preparation and riboflavin quantification

Riboflavin-enriched yogurt was prepared on pilot plant
cale at the facilities of Campina Innovation (Wageningen,
he Netherlands). Batches of pasteurized yogurt milk (20 L)
ere preincubated with the strains P. freudenreichii NIZO
2336 (a spontaneous roseoflavin-resistant mutant derived

rom P. freudenreichii B374 with increased riboflavin pro-
uction) and P. freudenreichii NIZO B374 (parental wild-
ype strain with low riboflavin production, control) for 24 h
t 31°C to allow full growth of these cultures. Subsequently,
he prefermented yogurt milk was inoculated with the yo-
urt starter culture Campina MUH306. Yogurt fermentation
as performed for 18 h at 31°C until the pH was 4.4. As an

dditional control, an experimental yogurt was made with-
ut addition of the adjunct culture of Propionibacterium.
late counting in the final yogurt products showed that the
ropionibacterium strains reached cell numbers of about 5

108 colony-forming units/mL.
Subsequently, the three yogurt batches were freeze dried

nd ground. Each batch yielded approximately 2 kg of
ogurt powder. The vitamin B2 content of the powder was
etermined as described by Burgess et al. [18]. For the
eeding trials, yogurt powder was mixed with a riboflavin-
eficient diet at a ratio of 1:40 (wt/wt). The final amounts of
iboflavin in the repletion diets are presented in Table 1.

nimals

The overall experimental protocol is summarized in

able 1
iboflavin content of freeze-dried yogurt samples and final concentration

n the repletion diet

ogurt sample Riboflavin

Yogurt (�g/g) Diet (mg/kg)

T* 12.9 � 0.12 0.32
374† 10.5 � 0.15 0.26
2336‡ 19.7 � 0.20 0.49

* Control yogurt prepared with the starter culture Campina MUH306.
† Yogurt produced with Proprionibacterium freudenreichii B374 as an

djunct culture.
‡ Yogurt produced with P. freudenreichii B2336 as an adjunct culture.
ig. 1. Weanling, specifically pathogen-free, conventional
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istar rats (weighing 60 � 3 g) were obtained from an
nbred colony and maintained (12-h light cycle, 22 � 2°C)
n the Nutrition Department of the Universidad Nacional de
ucumán (San Miguel de Tucumán, Argentina). Rats were

ndividually housed in wire-bottom cages (to prevent cop-
ophagy) and were allowed free access to a riboflavin-
eficient diet (MP Biomedicals Inc./ICN, Irvine, CA, USA)
nd water throughout the study.

Rats were matched by weight and assigned to one of
hree main groups: (1) a depleted group in which animals
ere fed the riboflavin-deficient diet for 21 d (D21) or 49 d

D49); (2) a non-depleted group in which animals received
he riboflavin-deficient diet supplemented with commercial
iboflavin (Sigma-Aldrich, St. Louis, MO, USA; 15 mg of
itamin B2 per kilogram of diet, the amount of riboflavin
resent in the balanced rodent diet used in our laboratory;
alanced/autoclaved Rodent Diet, Batistela, Buenos Aires,
rgentina) for 21 d (ND21) or 42 d (ND49); and (3) a
epletion/repletion group in which rats were fed the
iboflavin-deficient diet for 21 d (depletion period) followed
y a 28-d repletion period when animals were fed the same
iet supplemented with different levels of commercial ribo-
avin or with one of the fermented products (DR-B374,
R-B2336, or DR-WT yogurt). Commercial riboflavin was

dded at concentrations equivalent to 1) the residual ribo-
avin found in B2-free diets used in previous deficiency
tudies (0.5 mg of vitamin B2 per kilogram of diet [11,15])
nd 2) the daily riboflavin requirement of laboratory rats
3.0 mg of vitamin B2 per kilogram of diet [22]). Live
eight and food intake (given ad libitum) were determined

wice daily. Growth rates were calculated during the deple-
ion (first 21 d) and repletion (final 28 d) periods by using
he mean average twice-daily increase and were expressed

ig. 1. Riboflavin depletion/repletion experimental protocol. The depleted
roup was fed a riboflavin-deficient diet for 49 d; the non-depleted group
eceived a riboflavin-deficient diet supplemented with commercial ribofla-
in (15 mg/kg of vitamin B2) for 49 d; and the depletion/repletion groups
ere fed a riboflavin-deficient diet for 21 d (depletion period) followed by
28-d repletion period when animals were fed the same diet supplemented
ith 1) different levels of commercial riboflavin (0.5 or 3.0 mg/kg of
itamin B2) or 2) one of the fermented milk products (WT for the control
ogurt prepared with the starter culture Campina MUH306 and B374 or
2336 for yogurt produced with Proprionibacterium freudenreichii B374
r B2336 as an adjunct culture, respectively).
s daily changes in live animal weight (grams). l
lood and organ collection

Throughout the trial, rats from each group were placed
nto a homemade sampling chamber, and whole blood was
ollected from the tail and transferred into a tube containing
nticoagulant for EGRAC evaluation (see below). At the
nd of the trial, animals were anesthetized with an intra-
eritoneal injection of 3.0 mL/kg of ketamine (10%, wt/vol)
lus xylazine (2%, wt/vol; 40:60 vol/vol; Alfasan, Woer-
en, The Netherlands) and bled by cardiac puncture. Blood
as transferred into tubes containing anticoagulant heparin

Rivero, Buenos Aires, Argentina) and centrifuged (2000g
or 15 min at 4°C). Plasma was removed and stored at
70°C until analysis. The sedimented cells were washed

hree times with 0.15 mol/L of cold NaCl. Erythrocytes (0.5
L) were hemolyzed by adding distilled water (9.5 mL) and

tored at �70°C for EGRAC determinations. Freshly ex-
ised organs (liver, spleen, and kidneys) were rinsed with
.15 mol/L of NaCl, weighed, and stored at �70°C.

iboflavin status

Riboflavin status was assessed by measuring the EGRAC
ccording to a modification of a previously described tech-
ique [23]. Briefly, frozen hemolyzed blood was allowed to
haw at room temperature under conditions of low light.
emolysates (31.3 �L) were added to 1 mL of potassium
hosphate buffer (0.1 mol/L, pH 7.4) containing 2.3
mol/L of ethylene-diaminetetra-acetic acid (dipotassium

alt) and 0.89 mmol/L of oxidized glutathione with or with-
ut 8 �mol/L of FAD. The mixture was preincubated for 30
in at 37°C followed by the addition of 80 �mol/L of

icotinamide adenine dinucleotide phosphate to initiate the
eaction. Absorbance at 340 nm was measured every 10 min
or 1 h at 37°C (Cecil CE 2021 spectrophotometer, Cecil
nstruments Ltd., Cambridge, UK). Riboflavin status was
alculated as an activity coefficient, which was defined as
he ratio between the rate of change of absorbance per time
nit in the presence and absence of FAD. EGRACs were
easured in triplicate for each sample.

tatistics

Comparisons were performed with SigmaStat (SPSS
nc., Chicago, IL, USA). Comparisons of multiple means
ere accomplished by one-way analysis of variance fol-

owed by Tukey’s post hoc test, and P � 0.05 was consid-
red statistically significant. Unless otherwise indicated, all
alues are the means of three independent trials � standard
eviation (n � 30).

All animal protocols were approved by the animal pro-
ection committee of the Centro de Referencia para Lacto-
acilos and followed the most recent recommendations of
he Federation of European Laboratory Animal Science
ssociations. All experiments complied with the current
aws of Argentina.
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All materials were supplied by Sigma-Aldrich Corpora-
ion unless otherwise stated.

esults

nimal growth

Animals supplemented with B2336 yogurt showed a
tatistically significant increase in growth compared with
hose that received the B374 or WT yogurt (Fig. 2 and Table
). Animals that received WT yogurt showed increased live
eight at day 49 (139.9 � 8.9 g) compared with those fed
374 yogurt (124.0 � 7.0) after comparing mean values of

ive animal weight, although no statistically significant dif-
erence was observed between these latter two groups of
nimals.

The B374-fed rats showed statistically similar growth
ates (1.14 � 0.15 g/d) to the depleted animals, which
eceived only the riboflavin-deficient diet (1.04 � 0.04),

ig. 2. Live weight during depletion/repletion in Wistar rats during the
epletion period. Animals were fed a riboflavin-deficient diet for 21 d
depletion period), after which they received the same diet supplemented
ith different yogurt samples (B374, circles; B2336, squares; WT, trian-
les) for 28 d (repletion period). Results are expressed as means � standard
eviation (n � 10), and points without a common letter differ significantly
P � 0.05).

able 2
rowth rate and live weight of animals during depletion and repletion of

roup Depletion period

Growth rate (g/d) F

on-depleted 5.81 � 0.35a 1
epleted 4.08 � 0.24b

.5 mg/kg of vitamin B2

.0 mg/kg of vitamin B2
T

374
2336

* Animals were fed a riboflavin-deficient diet for 21 d (depletion period)
r fermented products for 28 d (repletion period). The depleted group re
eviation (n � 80 for depleted group during depletion period; n � 10 for

eriod). Means in a column without a common superscript letter differ (P � 0.05
nd these rates were slightly lower than that of animals fed
he control WT yogurt (1.71 � 0.20; Table 2). The animals
hat received B2336 yogurt showed statistically similar
rowth rates (3.28 � 0.22) as the group that received 0.5
g/kg of vitamin B2 (3.50 � 0.16), suggesting that the

iboflavin produced by this bacterial strains, which were
dministered at the same concentration as the commercially
vailable pure riboflavin, possess the same general growth-
timulating capacity.

iboflavin status

The activation assay EGRAC is a functional test that
hows a decrease in enzyme activity when riboflavin defi-
iency is present and a disproportionate increase in activity
fter the in vitro addition of this vitamin. The rate of change
f the assay is proportional to the amount of enzyme
resent. EGRAC values of 1.30 to 1.40 or higher are indic-
tive of biochemical riboflavin deficiency.

Animals supplemented with B2336 yogurt showed im-
roved riboflavin status in erythrocytes (lower EGRAC lev-
ls, 1.68 � 0.12) compared with the D21 or D49 animals
2.03 � 0.14 and 2.43 � 0.15) and those that received B374
r WT yogurt (2.26 � 0.09 and 2.30 � 0.10; Fig. 3).
nterestingly, the B2336-supplemented animals showed sta-
istically similar EGRAC values as the group of animals that
eceived 0.5 mg/kg of vitamin B2 (1.56 � 0.10), suggesting
hat the riboflavin found in this fermented product, which
as administered at the same concentration as the commer-

ially available pure riboflavin, possesses similar bioavail-
bility, thus confirming the results seen in growth patterns
Table 2). DR-B374 and DR-WT animals showed statisti-
ally similar EGRAC values; however, absolute EGRAC
alues of DR-B374 animals were lower than those observed
n DR-WT animals. DR-B374 animals had statistically sim-
lar EGRAC values as D49 animals, demonstrating that
374 and the WT control yogurts did not improve the

iboflavin status of depleted animals; only the fermented
roduct containing P. freudenreichii B2336 improved the
iboflavin status of depleted animals. The non-depleted an-

in*

Repletion period

ight (g) Growth rate (g/d) Final weight (g)

8.3a 5.34 � 0.32a 299.2 � 18.0a

9.1b 1.04 � 0.04b 111.3 � 8.5b

3.50 � 0.16c 190.0 � 9.5c

4.00 � 0.22d 204.2 � 12.5c

1.71 � 0.20e 139.9 � 8.9e

1.14 � 0.15b 124.0 � 7.0b

3.28 � 0.22c 183.9 � 9.3c

hich they received the same diet supplemented with commercial riboflavin
only the riboflavin-deficient diet for 49 d. Values are mean � standard
ups during repletion period and for non-depleted group during depletion
riboflav

inal we

38.0 �
92.3 �

after w
ceived
all gro
).



i
m
�

O

c
t
m
y
p
m
t
B
l
t
(
n

g
g

P

(
p
B
h

o
n
(
i

d
a
n
w
c

r
o
s
l

D

u
s
p

s
f
t
s
b
r

F
f
d
f
a
a
a
d
B
d
h

F
f
d
f
s
w
a
a
o
k
c
c
f

649J. G. LeBlanc et al. / Nutrition 22 (2006) 645–651
mals (ND21 and ND49) and the animals that received 3.0
g/kg of vitamin B2 showed normal EGRAC values (1.23
0.08, 1.21 � 0.08, and 1.34 � 0.13, respectively).

rgan weight

Animals depleted of riboflavin for 49 d showed statisti-
ally significant increases in relative liver weight compared
o non-depleted animals and those given 3.0 mg/kg of vita-
in B2 (Fig. 4). Animals supplemented with B2336 or WT

ogurt showed no increases in relative liver weight com-
ared with non-depleted animals, whereas animals supple-
ented with B374 yogurt showed statistically similar rela-

ive liver weights as D49 animals (Fig. 4). Rats fed the
2336 and WT yogurts showed statistically similar relative

iver weights as non-depleted animals, demonstrating that
hese two latter products were able to prevent hepatomegaly
an abnormal enlargement of the liver typical of ariboflavi-
osis) in previously depleted animals.

No significant differences were observed in relative or-
an weights of spleens and kidneys in all experimental
roups (data not shown).

hysical observations

The depleted animals showed important loss of hair
thinner coat, yellowish coloring) at the end of the depletion
eriod (21 d of depletion). Animals supplemented with
2336 yogurt (DR-B2336) regained a normal appearance of

ig. 3. EGRAC values of rats fed a riboflavin-deficient diet for 21 d
ollowed by a 28-d repletion period when the diet was supplemented with
ifferent amounts of riboflavin (DR-0.5 and DR-3.0 groups) or with dif-
erent yogurt samples (DR-B374, DR-B2336, and DR-WT groups).. Re-
ults are expressed as means � standard deviation (n � 10), and bars
ithout a common letter differ significantly (P � 0.05). D21, depleted

nimals fed a riboflavin-deficient diet for 21 d; D49, depleted animals fed
riboflavin-deficient diet for 49 d; DR, depletion/repletion; DR-0.5, 0.5 mg
f vitamin B2 per kilogram of diet; DR-3.0, 3.0 mg of vitamin B2 per
ilogram of diet; EGRAC, erythrocyte glutathione reductase activation
oefficient; ND21, non-depleted animals fed a riboflavin-deficient diet
ontaining high levels of riboflavin for 21 d; ND49, non-depleted animals
ed a riboflavin-deficient diet containing high levels of riboflavin for 42 d.
air (full white coat) during the repletion period (at the end r
f the repletion period, animals were similar to those in the
on-depleted group), whereas those supplemented with WT
DR-WT) or B374 (DR-B374) yogurt showed no significant
mprovement in hair appearance.

The D49 animals also showed signs of psychological
isorders (dizziness when walking in their cages, trembling,
nd delayed behavioral responses). These symptoms were
ot observed in the other experimental groups whose diets
ere supplemented with a yogurt sample or with commer-

ial riboflavin or in the D21 animals.
No lactose-intolerance symptoms were observed in the

ats that received the yogurt samples (data not shown). This
bservation is in accordance with previous studies that have
hown that fermented milks such as yogurt do not cause
actose-associated disorders in conventional rats [24].

iscussion

The objective of this study was to demonstrate that the
se of a riboflavin-producing strain of P. freudenreichii,
upplied as an adjunct culture in the yogurt fermentation
rocess, could improve the nutritional value of yogurt.

Inoculation of milk with P. freudenreichii B2336 (a
pontaneous roseoflavin-resistant mutant derived from P.
reudenreichii B374 that shows increased riboflavin produc-
ion) before inoculation with commercial yogurt cultures
ignificantly increased the riboflavin content (almost dou-
ling it) compared with a similar protocol using P. freuden-
eichii B374 (a low riboflavin-producing strain) or without

ig. 4. Relative liver weight of rats fed a riboflavin-deficient diet for 21 d
ollowed by a 28-d repletion period when the diet was supplemented with
ifferent amounts of riboflavin (DR-0.5 and DR-3.0 groups) or with dif-
erent yogurt samples (DR-B374, DR-B2336, and DR-WT groups). Results
re expressed as mean � standard deviation (n � 10), and columns without
common letter differ significantly (P � 0.05). D21, depleted animals fed
riboflavin-deficient diet for 21 d; D49, depleted animals fed a riboflavin-
eficient diet for 49 d; DR, depletion/repletion; DR-0.5, 0.5 mg of vitamin
2 per kilogram of diet; DR-3.0, 3.0 mg of vitamin B2 per kilogram of
iet; ND21, non-depleted animals fed a riboflavin-deficient diet containing
igh levels of riboflavin for 21 d; ND49, non-depleted animals fed a

iboflavin-deficient diet containing high levels of riboflavin for 42 d.
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he addition of adjunct cultures. This novel fermented milk
roduct was evaluated in a riboflavin depletion/repletion
nimal model similar to the one used previously to evaluate
he bioavailability of riboflavin produced by genetically
odified L. lactis strains [19,20].
Because riboflavin is essential in various biochemical reac-

ions that are related to obtaining metabolic energy from car-
ohydrates and fatty acids, the deficiency of this vitamin can
ause severe symptoms in animals such as stunted growth [7].
he present experiments indicate that administration of the

ermented milk that was produced with a spontaneous ribofla-
in overproducing strain of P. freudenreichii (strain B2336)
as able to improve animal growth compared with conven-

ional yogurt (WT) and with the same product fermented with
he parental wild-type strain, which produces low levels of this
ssential vitamin. The growth rates of depleted rats that re-
eived B2336 yogurt was similar to those of rats that received
ommercial riboflavin at a concentration similar to that pro-
uced by P. freudenreichii B2336.

This novel fermented product was also able to improve
iboflavin status (decreased EGRAC values) of previ-
usly depleted animals, with values similar to those of
nimals that received 0.5 mg/kg of commercial ribofla-
in. This was not the case for the fermented product that
ontained only the yogurt starter cultures or P. freuden-
eichii B374, where riboflavin status and growth of de-
leted rats were similar to those obtained in animals that
id not receive any dietary riboflavin (depleted animals).
he fermented product containing only the yogurt starter
ulture (WT yogurt) showed only a slight improvement in
rowth and riboflavin status compared with rats that were
epleted of this essential vitamin.

Yogurt containing P. freudenreichii B2336 was able to
revent hepatomegaly, an abnormal enlargement of the liver
ue to riboflavin deficiency. This product was also able to
evert morphologic changes observed in riboflavin-deficient
nimals (hair loss).

These results clearly show that the use of P. freuden-
eichii B2336 as an adjunct culture in yogurt fermenta-
ion increased the riboflavin content, with similar bio-
vailability as the commercially available vitamin,
hereby improving the nutritional value of yogurt and
liminating the costly need to fortify this fermented milk
roduct with vitamin B2.

Propionibacterium freudenreichii B2336 could be used for
he production of yogurt or fermented milk to increase levels of
iboflavin, thus increasing their commercial and nutritional
alue and eliminating the need for subsequent fortification with
his essential vitamin. Such novel products could be used in the
oal of decreasing the number of persons with clinical and
ubclinical riboflavin deficiency, which is common in many
arts of the world, not only in developing countries but also in
any industrialized countries.
In conclusion, the use of riboflavin overproducing P.

reudenreichii B2336 in yogurt preparation increased its ribo-

avin content. This novel fermented milk product was able to
mprove growth and riboflavin status (lower EGRAC values)
nd prevent hepatomegaly of riboflavin-depleted animals.
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