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ABSTRACT: 1,4-Dihydroxy-2-naphthoic acid (DHNA) is a bifidogenic growth stimulator (BGS) and could be a functional 
food ingredient since bifidobacteria are beneficial for human health. For that reason, lactic acid bacteria producing DHNA 
have been screened. A lactic acid bacterium LP1 strain isolated from a natural cheese was confirmed to produce DHNA, 
analyzed by a HPLC method. The strain was identified as Lactobacillus casei by 16S rRNA gene sequence analysis. The 
cell-free supernatant of fermented whey produced by L. casei LP1 presented the BGS activity for three bifidobacterial 
strains such as Bifidobacterium longum subsp. infantis KCTC 3127, Bifidobacterium bifidum KCTC 3202, and Bifidobacterium 
breve KCTC 3220 which were human-originated. To the best of our knowledge, a L. casei strain which can produce DHNA 
was firstly identified in this study.
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INTRODUCTION

1,4-Dihydroxy-2-naphthoic acid (DHNA) is well known 
as a bifidogenic growth stimulator (BGS), and it can be 
commercially used as a prebiotic (1,2). Moreover, it im-
proved survival rate and histological damage in mice 
that suffered from dextran sodium sulfate (DSS) in-
duced colitis (3). Recently, it also reduced inflammation 
in IL-10 deficient mice with colitis by controlling pro-in-
flammatory cytokines derived from macrophages (4). At 
first, DHNA was identified as a novel bifidogenic growth 
stimulator from a culture broth produced by Propioni-
bacterium freudenreichii ET-3 strain and approximately 
10 mg/L of DHNA was detected by HPLC (high perfor-
mance liquid chromatography) (1). 

DHNA is a precursor of menaquinone (vitamin K2) 
which functions as an electron transfer agent in the bac-
terial respiratory chain (5-8). The biosynthesis of mena-
quinone is processed by two independent syntheses in 
which DHNA and isoprenoid unit syntheses are in-
cluded. DHNA is converted into menaquinone by in-
corporating the isoprenoid unit (5). Theoretically, the 
amount of DHNA released from bacterial producers can 
be improved by blocking the synthesis of the isoprenoid 
unit, which is produced from glyceraldehyde-3-phosphate 
and pyruvate (9-11).

Bifidobacteria is recognized as beneficial bacteria for 

human gut homeostasis and has been largely studied 
(12). The human gut microbiota can be changed neg-
atively by inner or outer conditions, which is deeply cor-
related with pathogenic physiology such as inflammatory 
bowel disease, colorectal cancer, irritable bowel syn-
drome, etc. (12). However, probiotics including bifido-
bacteria and lactobacilli can modulate human gut micro-
biota positively; therefore, they can prevent or improve 
the human gut pathogenesis (13). In this study, a novel 
Lactobacillus casei strain that produces DHNA was iso-
lated, and the fermented whey with the strain was con-
firmed to stimulate the growth of bifidobacterial strains. 

MATERIALS AND METHODS

Bacterial strains and culture conditions
L. casei LP1 was cultured in MRS (De Man, Rogosa, and 
Sharpe) broth (Difco Laboratories Inc., Detroit, MI, USA) 
at 37oC without agitation. Bifidobacterial strains includ-
ing Bifidobacterium longum subsp. infantis KCTC 3127, 
Bifidobacterium bifidum KCTC 3202, and Bifidobacte-
rium breve KCTC 3220 were purchased from the Korean 
Collection for Type Cultures (KCTC) at Korea Research 
Institute of Bioscience and Biotechnology (KRIBB, Dae-
jeon, Korea). They were cultured in Reinforced Clostri-
dial Medium (RCM) (Difco Laboratories Inc.) broth at 
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Fig. 1. Chromatogram of 1,4-dihydroxy-2-naphthoic acid in fer-
mented whey with Lactobacillus casei LP1. (A) DHNA standard, 
(B) whey, and (C) fermented whey. The arrows indicate DHNA 
peaks. HPLC condition: column, Agilent HC-C18 (4.6×150 mm); 
column temperature, 45oC; flow rate, 1 mL/min; injection vol-
ume, 20 L; detection wavelength, 254 nm; mobile phase, ace-
tonitrile : methanol : water : acetic acid (15:25:225:0.1; pH 5.5).

37oC in an anaerobic jar (Oxoid Ltd., Hampshire, UK) 
with BD GasPakTM EZ Anaerobic Container System (BD, 
Sparks, MD, USA).

Isolation and identification of LP1
LP1 strain was previously isolated from a natural cheese 
and stored at −76oC until use. The strain was sent to a 
biotech company (Macrogen Co., Seoul, Korea) for 16S 
rRNA gene sequence analysis. The primer set 27F 
(5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R 
(5'-TAC GGY TAC CTT GTT ACG ACT T-3') was used 
for amplification of the 16S rRNA gene and 518F 
(5'-CCA GCA GCC GCG GTA ATA CG-3') and 800R 
(5'-TAC CAG GGT ATC TAA TCC-3') primer set was 
used for sequencing. Homology search for the sequence 
was performed using a Basic Local Alignment Search 
Tool (BLAST) program from The National Center for 
Biotechnology Information (NCBI; http://www.ncbi.nlm. 
nih.gov/).

Detection of 1,4-dihydroxy-2-naphthoic acid from L. casei 
LP1
L. casei LP1 was inoculated into 50 mL of sterile whey 
broth (10%, w/v) and incubated anaerobically at 37oC 
for 48 h. Four mL of the culture was mixed with 2 vol-
umes of methanol and sodium-ascorbate (Sigma-Aldrich, 
St. Louis, MO, USA) as an antioxidant was added at 
0.2%. After extraction, the mixture was centrifuged at 
3,600 rpm for 10 min and the supernatant was evapo-
rated at 40oC by a rotary evaporator (N-1000, Eyela, 
Tokyo, Japan). Four hundred microliters of methanol 
was added to the concentrate and filtered with a syringe 
filter (0.45 m pore size; Millipore, Billerica, MA, USA). 
The filtrate was injected for HPLC analysis. An Agilent 
HC-C18 column (4.6×150 mm; Agilent Technologies 
Inc., Santa Clara, CA, USA) was used and its temper-
ature was maintained at 45oC during the analysis. The 
flow rate was 1 mL/min, injection volume was 20 L, 
and detection wavelength was 254 nm. Reagent grade 
DHNA (Sigma-Aldrich) was used for the standard 
material. The mobile phase was composed of acetoni-
trile : methanol : water : acetic acid (15:25:225:0.1), and 
the pH was adjusted to be 5.5 with 5% (w/v) ammo-
nium hydroxide.

BGS activity test
As mentioned above, the whey culture of L. casei LP1 
was centrifuged at 3,600 rpm for 10 min. The cell-free 
supernatant was filtered and the filtrate was used for 
BGS activity test. As a control, whey broth which was 
adjusted to pH 4.5 with lactic acid was used. One hun-
dred microliters of the filtrate was added to 1/10 RCM 
broth (Difco Laboratories Inc.) which was previously in-
oculated with each bifidobacterial strain (0.2%, v/v). 

These inocula were incubated at 37oC for 12 h in the 
anaerobic jar (Oxoid Ltd.) supplemented with the 
GasPakTM EZ Anaerobe Container System (BD) and the 
optical density (OD) at 600 nm was measured at times 
(0, 4, 8, and 12 h).

RESULTS AND DISCUSSION

LP1 strain which was previously isolated from a natural 
cheese was confirmed to produce DHNA which act as a 
BGS. The strain was identified by 16S rRNA gene se-
quence analysis. The 16S rRNA gene sequence (GenBank 
accession no., KP696456) of LP1 was best matched with 
L. casei strains (99% identity; GenBank accession no. 
CP002618.1, CP002616.1, CP001084.1, FM177140.1, 
and CP000423.1), and the LP1 strain was named L. casei 
LP1. DHNA production from L. casei LP1 strain was con-
firmed by the HPLC method with the standard material 
DHNA. A C18 column was used for the analysis. Reten-
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Fig. 2. Bifidogenic growth stimulator activity of fermented whey with Lactobacillus casei LP1. (A) Bifidobacterium longum subsp. 
infantis KCTC 3127, (B) Bifidobacterium bifidum KCTC 3202, and (C) Bifidobacterium breve KCTC 3220. No addition, only bifidobacte-
rial strain was inoculated into 1/10 RCM broth; Whey, bifidobacterial strain plus whey broth adjusted to pH 4.5 with lactic acid; 
Fermented whey, bifidobacterial strain plus fermented whey with L. casei LP1.

tion time for the standard DHNA was 27.1 min (Fig. 
1A) and a corresponding peak was detected from the 
concentrated whey culture supernatant of L. casei LP1 
(Fig. 1C). Based on a standard curve for quantification 
(data not shown), the amount of DHNA produced from 
L. casei LP1 was 0.37 ppm. This amount is not enough 
for mass purification and much less than that from P. 
freudenreichii ET-3 which has been studied by a Japanese 
dairy company (1,14). However, to the best of our 
knowledge, the L. casei strain which can produce DHNA 
was firstly identified. Moreover, a tiny amount (1 
ng/mL) of DHNA can stimulate the growth of bifidobac-
teria (1). Therefore, the L. casei LP1 strain can be broadly 
used as a functional starter culture for various fer-
mented foods including dairy products. For these rea-
sons, BGS activity of the cell-free supernatant of L. casei 
LP1 was tested in 1/10 RCM broth which aimed at nu-
trient limitation. The bifidobacterial strains such as B. 
longum subsp. infantis KCTC 3127, B. bifidum KCTC 
3202, and B. breve KCTC 3220 used in this study were 
human-originated. Because of the nutrient limitation, 
the bifidobacterial strains grew slowly in all the cases: no 
addition, addition of whey broth as a control, and addi-
tion of fermented whey with L. casei LP1 (Fig. 2). 
Nevertheless, the growth of bifidobacterial strains with 
the fermented whey was significantly increased com-
pared with the other cases. Unexpectedly, whey broth, 
which was adjusted to pH 4.5 inhibited the growth of 
the bifidobacterial strains. In case of no addition, the 
growth rate of early stage was similar (Fig. 2A) to or 
higher (Fig. 2B, 2C) than that of addition of fermented 
whey, but the growth reached a plateau state after 4 h, 
which might be due to nutrient exhaustion. On the oth-
er hand, the growth of the bifidobacterial strains with 
fermented whey was steadily increased up to 12 hours, 
which was the final time for the test. At that time, the 
growth rate with fermented whey was 1.83, 1.71, and 

1.67 times higher than those with no addition for B. 
longum subsp. infantis KCTC 3127, B. bifidum KCTC 
3202, and B. breve KCTC 3220, respectively. From these 
results, we concluded that the fermented whey with L. 
casei LP1 producing DHNA could stimulate the growth 
of bifidobacterial strains, and the functional L. casei LP1 
can be used as a probiotic or a prebiotic producer.
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