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1 Introduction
Sugar accounts for about 85% of the global sweetener market. 

The negative impact of sugar on human health has been well 
reflected (Azevedo et al., 2004). Chronic diseases such as obesity 
and diabetes are closely related to bad eating habits, excessive 
sugar intake being one of them (Park et al., 2016). In response 
to concerns over diseases arising from high sugar intake, the 
World Health Organization (WHO) has recommended lowering 
the daily intake of sugar from 50 to 25 g. Policies are actively 
under discussion to reduce intake of various sugars, especially 
in developed countries (Kim et al., 2016) with the increase of 
prebiotic production (Gibson et al., 2017). This social awareness 
has increased the interest in sugar-reducing and low-calorie foods 
among consumers, and sweeteners with various functionalities 
have been developed. In particular, the interest in oligosaccharides 
is growing. Oligosaccharides are carbohydrates that combine 2 to 
10 monosaccharides, have low-calorie value but high sweetness, 
and improve intestinal functions (Huh, 1995).

Yuzu (Citrus junos) mainly grown in North Asia is known to 
contain a large amount of flavonoid ingredients such as vitamin 
C, hesperidin, and limonene (Yu et al., 2011). These flavonoids 
are known to exert excellent anti-inflammatory, antioxidant, 
and radical-scavenging functions (Formagio  et  al., 2013). 
Yuzu is mainly consumed as tea containing sugar-preserved 
yuzu peel and pulp (Kim et al., 2010). Sugar-preserved food or 
jam such as sugar-preserved yuzu is manufactured by adding 

excess sugar. Various studies have been conducted to replace the 
excess sugar with oligosaccharides (Jung et al., 2017; Bae & Yoo, 
2019). However, oligosaccharides produces from yuzu might 
be used as prebiotic since some bacteria such as Lactobacillus 
and /or Bifidobacterium spp. may use these substrate selectively 
for health benefits (Gibson et al., 2017) with good antioxidant 
activity (Chen et al., 2019; Liu & Li, 2020; Zhao et al., 2019).

To date, studies have only replaced sugar with oligosaccharides 
in sugar-preserved food instead of converting it into oligosaccharides 
through microbial enzymes. There are a few published reports 
on the bioconversion of sugars into oligosaccharides using 
microorganisms.

In this study, the sugar from preserved yuzu was converted 
into an oligosaccharide by Lactobacillus sakei NY 518, and the 
functionalities (α-glucosidase inhibition and antimicrobial 
activity) of the oligosaccharides from sucrose and preserved 
yuzu were compared.

2 Materials and methods

2.1 Reagents and materials

The traditional foods used in this experiment, such as 
soybean paste, red pepper paste, kimchi, and makgeolli, were 
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collected from various parts of South Jeolla Province in Korea. 
The preserved yuzu (EDEN Co., Ltd., Goheung, Jeolla Province, 
Korea) used in this experiment was purchased from a local market. 
The supernatant of cultured medium excluding precipitates 
was used in the enzyme reaction. Reagents used in the analysis 
were purchased from Sigma-Aldrich Co. (St Louis, MO, USA).

2.2 Isolation of lactic acid bacteria

After mixing 20 g of the collected specimen with 80 mL 
of 0.85% (w/v) sterile normal saline, the sample was spread on 
De Man, Rogosa, and Sharpe (MRS) agar (Difco, Sparks, MD, 
USA), Luria Bertani (LB) agar (Difco), and yeast malt (YM) agar 
plates and incubated for 48 to 96 h at 37 °C. After culturing, 
potential lactic acid bacterium colonies were picked. In total, 
519 colonies were selected, sub-cultured thrice, and cultivated 
in MRS broth for experimental use.

2.3 Screening for lactic acid bacteria that produce 
oligosaccharides

MRS broth containing each bacterial strain (10 μL) which 
shown an optical density of 0.5 at 600 nm wavelength smeared 
on MRS, LB, and YM agar plates containing 10% sucrose. After 
cultivation at 37 °C for 20 h, the degree of mucus formation 
was evaluated. In total, 36 strains with excellent viscosity were 
selected based on amount of mucus ‘0 mM’ (−), ‘on the periphery 
of strains’ (+), ‘on the periphery of plate’ (++), ‘the whole of 
plate’ (+++), and ‘flow from plate’ (++++). The strains were 
stored at −80 °C in MRS broth with 40% glycerol. To screen 
oligosaccharide-producing strains, culture media of 36 strains 
were subjected to thin-layer chromatography (TLC) analysis 
as per the method of Ghebregzabher et al. (1976) with minor 
modifications. Each strain was allowed to grow in MRS broth to 
an OD value of 2.0. The cell density was adjusted to an OD value 
of 0.5, and the cells were incubated in MRS (with 2% sucrose) 
broth without glucose at 28 °C for 24 h. Centrifugation (6200, 
Kubota, Tokyo, Japan) was performed for 10 min at 6,000 ×g, 
and the supernatant obtained was used as enzyme solution. 
The reaction was carried out by mixing the enzyme solution 
with 0.2 M Na-acetate buffer (pH 5.2) and 100 mM sucrose at 
28 °C for 24 h. Each reactant was dropped at 1 μL volume, and 
the plate was developed using nitromethane: 1-propanol: water 
(2:5:1.5, v/v/v). After development, the TLC plate was sprayed 
with a reagent comprising 0.3% N-(1-naphthyl) ethylenediamine 
dihydrochloride and 5% sulfuric acid (H2SO4) in methanol and 
heated at 105 °C in an oven for 6 min.

2.4 16S rRNA gene sequencing

After DNA extraction from cells, the 16S rRNA was amplified 
by polymerase chain reaction (PCR) using universal primers, 27F 
and 1492R. The sequence of the amplified gene was identified by 
Macrogen Co., Ltd. using universal sequencing primers, 785F 
and 907R. The 16S rRNA gene sequence was compared with 
those in the NCBI nucleotide sequence database (http:/www.
ncbi.nlm.nih.gov./blast/) by BLAST search.

2.5 Optimum conditions for enzymatic reactions

Each component of the previously used MRS broth was 
replaced with food-grade materials. The main component, 
meat extract, was replaced with malt extract, and 2% sucrose 
was added to investigate lactic acid bacterium cultivation and 
enzyme expression. The strains were incubated at 28 °C for 24 h 
and then subjected to centrifugation (6200, Kubota, Tokyo, Japan) 
for 10 min at 8,000 rpm. The supernatant obtained was used as 
enzyme solution. To optimize the production of oligosaccharides 
using sucrose and preserved yuzu, the degree of oligosaccharide 
production was confirmed from substrate concentration, enzyme 
concentration, and reaction time at 28 °C. The concentrations 
of sucrose were 0.1, 0.2, 0.5, 1.0, 2.0, and 2.5 M, and those of 
preserved yuzu were 5%, 10%, 25%, 50%, and 75%. The enzyme 
solution was used at 1%, 5%, 7.5%, 10%, and 20% concentrations, 
while the reaction was carried out either for 0, 1, 3, 6, 9, 15, 18, 
21, 24, 36, 48, or 72 h. Oligosaccharide production was confirmed 
based on the content of released fructose.

2.6 Quantitation and qualification of oligosaccharide by 
two-dimensional TLC

Two-dimensional TLC was performed based on the method 
of Chuang et al. (2001) with slight modifications. The first solvent 
acetonitrile: ethylacetate: 1-propanol: water (85:20:50:50, v/v/v/v) 
was used twice. After the first development step, the components 
were redeveloped twice with nitromethane: 1-propanol: water 
(2:5:1.5, v/v/v) after rotating the TLC plate at 90°. The TLC 
plate was dried, stained with 5% H2SO4 solution in methanol, 
and heated in an oven at 120 °C for about 15 min. The plate was 
compared with standard IMo (isomalto-oligosaccharide series) 
and Mo (malto-oligosaccharide series). To determine the degree 
of polymerization (DP) of oligosaccharide from preserved yuzu 
(OY), two-dimensional TLC was performed, and each spot was 
quantified through AlphaEaseFC 4.0.0 software (Alpha Innotech, 
San Leonardo, CA, USA) using Mo and IMo standards.

2.7 Physicochemical properties

Viscosity was measured using a viscometer (DV-2+Pro, 
Brookfield, Middleboro, MA, USA) with a #5 spindle at a 
revolution rate of 100 rpm. Color values were measured with 
a color difference meter (CR-400m KONICA. MINOLTA, 
Japan) as follows: L, lightness variable; a, from green to blue; 
b, from yellow to red; ΔE, total color difference. Soluble solid 
content was determined by a digital refractometer (Pocket 
refractometer PAL-1, ATAGO Co., Ltd., Tokyo, Japan), and the 
pH was analyzed by using a pH meter (Ion S220, METTLER 
TOLEDO, Columbus, USA). Acidity was measured by adding 
two drops of 0.1% phenolphthalein to 1 g of sample, which was 
then titrated until it turned red using 0.1 N sodium hydroxide 
(NaOH). The amount (mL) of 0.1 N NaOH solution consumed 
was converted into citric acid equivalent.

2.8 Total sugar and reducing sugar contents

Total sugar content: The phenol-sulfuric acid method was 
performed as described in a previous study (Rao & Pattabiraman, 
1989). 50 μL sample and 50 μL of 5% (w/v) phenol were slowly 
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mixed for 30 s and treated with 250 μL H2SO4 at 80 °C for 30 min. 
The solution was cooled to room temperature, and its absorbance 
was measured at 492 nm using a microplate spectrophotometer 
(BioTek Epoch, USA). Total sugar content was calculated from 
a calibration curve generated using glucose as standard.

Reducing sugar content: The 2,2′-bicinchoninate method 
was used as previously described (Doner & Irwin, 1992). Assay 
solution A comprised 2.74 g of sodium carbonate (Na2CO3) and 
1.2 g of sodium bicarbonate (NaHCO3) in water (45 mL) and 
97.1 mg of 4,4′-dicarboxy-2,2′-biquinoline. The solution was 
prepared, and its volume was adjusted to 50 mL with water. Assay 
solution B was composed of 62 mg copper sulfate pentahydrate 
(CuSO4∙5H2O) and 63 mg L-serine dissolved in water (45 mL). 
The volume of the solution was then adjusted to 50 mL. An assay 
reagent was prepared by mixing equal volumes of assay solutions 
A and B. For the test, 50 μL of sample and 300 μL assay solution 
were mixed and heated at 80 °C for 35 min. The mixture was 
cooled for 15 min, and its absorbance was read at 595 nm using 
a microplate spectrophotometer (BioTek Epoch, USA). Reducing 
sugar content was calculated from a calibration curve developed 
using maltose as standard.

2.9 Analysis of phenolic compounds by High-Performance 
Liquid Chromatography (HPLC)

Agilent 1260 InfinityII LC series system (Agilent Technologies, 
Waldbronn, Germany) was used for HPLC analysis. A ZORBAX 
eclipse plus C18 column (4.6 × 250 mM, 5-micron, Agilent 
Technologies, Palo Alto, CA, USA) was used for the analysis 
performed as per the method of Abrahim  et  al. (2010) with 
minor modifications. 0.1% formic acid was used as solvent A 
and methanol-acetonitrile as solvent B as follows: 0-4.9 min, 80% 
A and 20% B; 5-10 min, 60% A and 40% B; 10.1-15 min, 50% A 
and 50% B; 15.1-20 min, 30% A and 70% B; 20.1-25 min, 0% A 
and 100% B; 25.1-30 min, 80% A and 20% B. The solvent flow 
rate was 0.5 mL/min, and the column temperature was 35 °C. 
The specimen (10 μL) was injected, and detection was carried 
out at a wavelength of 280 nm.

2.10 α-Glucosidase inhibition activity

In brief, 50 μL samples, 50 μL of 0.04 M Na-phosphate 
buffer (pH 4.5), and 50 μL of α-glucosidase were mixed and 
incubated at 37 °C for 5 min. The mixture was treated with 
50 μL of p-nitrophenyl-α-D-glucopyranoside (5 mM) at 37 °C 
for another 5 min. The reaction was terminated using 100 μL 
of 0.2 M Na2CO3; the absorbance of the reaction mixture was 
measured at 405 nm using a microplate spectrophotometer (BioTek 
Epoch, USA). α-glucosidase inhibitory activity was compared 
between each sample and the positive control (acarbose).

2.11 Antimicrobial activity

The improvement in the intestinal health by oligosaccharide 
was investigated in the presence of gram-positive bacteria 
Listeria monocytogenes ATCC 19114 and Staphylococcus aureus 
ATCC12600, gram-negative bacteria Salmonella typhimurium 
DT 104, Escherichia coli O157:H7 ATCC 35150, and the 
cavity‑producing bacterium S. mutans KCTC 3065. The strains 

were stored at −80 °C in stock cultures. Tryptic soy broth (TSB, 
Difco Laboratories, Detroit, MI, USA) was used in the experiment. 
The strains in stock cultures were activated by incubating twice 
at 37 °C for 18 h before being used in the test. The inhibitory 
effects of food-poisoning and cavity-generating bacteria were 
measured by the paper-disc method described by Ericsson et al. 
(1960) with minor modifications. The diameter of the inhibition 
zone produced around the disc was measured after incubation 
of plates at 37 °C for 24 h.

2.12 Statistical analysis

All experiments were conducted in triplicates, and the 
results were expressed as mean ± standard deviation. The data 
were analyzed using one-way analysis of variance (ANOVA). 
The means between different groups were compared by the 
Duncan’s multiple-range test using SPSS program (SPSS version 
23.0 for windows, SPSS Inc., Chicago, IL, USA). The data on 
sugar and phenolic contents were assessed using the Student’s 
t-test. Values of p < 0.05 were considered significant.

3 Results and discussion

3.1 Identification of strains

The 16S rRNA was analyzed by sequencing and PCR to 
identify the strain NY 518. NY 518 shared 99% identity with 
the 16S rRNA sequences of Lactobacillus isolates such as L. casei 
(D86517), L. zeae (D86516), L. brevis (M58810), L. pentosus 
(D79211), L. paraplantarum (AJ306297), L. johnsonii (AJ002515), 
L. acidophilus (M58802), L. amylovorus (M58805), and L. crispatus 
(Y17362), suggesting that it belongs to the genus Lactobacillus. 
Phylogenetic analysis of 16S rRNA sequences showed that the 
strain NY 518 and L. sakei were clustered together (Figure 1). 
Thus, the strain NY 518 was identified as L. sakei.

3.2 Optimal conditions for oligosaccharide production

Figure 1. Phylogenetic tree of the strain NY518. The phylogenetic tree 
was constructed by the neighbor-joining method. The scale bar equals 
0.010 changes per nucleotide position.
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Figure 2. Changes in the released fructose contents based on (A) sucrose concentration, (B) preserved yuzu concentration, (C) crude enzyme 
concentration, and (D) reaction time. Means with the same letter in each column are not significantly different, as analyzed by the Duncan’s 
multiple range test (p < 0.05). 2D-TLC analysis of (E) oligosaccharide from sucrose and (F) oligosaccharide from preserved yuzu. The activity 
of enzymes produced by L. sakei NY 518 was 10 unit/mL. FS: Fructose-sucrose standards, Mo: Malto-oligosaccharide standard, IMo: Isomalto-
oligosaccharide standard, OS: Oligosaccharide from sucrose, OY: Oligosaccharide from preserved yuzu.

The released fructose content was measured under different 
substrate concentration, enzyme concentration, and reaction 
time conditions. Figure 2A, B show the content of the released 
fructose according to substrate concentrations, revealing 1 M 
sucrose and 50% preserved yuzu as optimal concentrations. 
Figure 2C, D indicate the optimal enzyme concentration and 
reaction time in the presence of 1 M sucrose and 50% preserved 
yuzu as substrates. Based on the tendency of released fructose 

rate, 10% enzyme and 24 h reaction time were considered optimal 
conditions at1 M sucrose. Also, 10% enzyme and 48 h reaction 
time were optimal conditions to produce oligosaccharide at 
50% preserved yuzu.

Figure 2E shows the results of TLC of oligosaccharides produced 
under optimal conditions. The synthesis of oligosaccharides was 
confirmed from sucrose and preserved yuzu. The sugar composition 
of OY was determined using the method of Kim et al. (2016) 
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based on TLC. OY and oligosaccharide from sucrose (OS) were 
determined to be homo-oligosaccharides comprising glucose 
units, as evident from a single glucose spot confirmed through 
hydrolysis (data not shown). Thus, the enzymes produced by 
L. sakei NY 518 exhibited dextransucrase activity. To investigate 
the DP of OY, the intensity of each spot in two-dimensional TLC 
was quantified (Figure 2F). Both OS and OY showed a sharp rise 
in the level of monosaccharides, but the content of disaccharides 
decreased. This observation was attributed to the breakdown of 
sucrose and release of fructose. Considering that OY is a homo-
oligosaccharide, it was thought to be composed of glucose units. 
OY had higher percentages of tri- to nona-saccharides than 
OS, while OS had higher content of deca-saccharides or higher 
sugars. Thus, OY is a lower molecular weight oligosaccharide 
than OS. Sun et al. (2016) found that chitosan oligosaccharide 
with low molecular weight was effective in allergic asthma. 
Lee et al. (1998) also reported the low molecular weight alginate-
mediated physiological improvement in the serum and liver lipid 
composition. Therefore, low molecular weight oligosaccharides 
are believed to have different characteristics owing to their high 
absorption rates in the body. Thus, OY is considered to impart 
functional properties to yuzu in the form of a low molecular 
weight oligosaccharide.

3.3 Physicochemical characteristics

The changes in the physicochemical properties of substrates 
and oligosaccharide products are shown in Table  1. As the 
substrates were converted to oligosaccharides, there was an 
increase in the measured physicochemical properties except 
pH and chromaticity.

Analysis of chromaticity revealed the decrease in the L value 
and the increase in a, b, and △E values after the production 
of oligosaccharides. This trend was consistent with the report 
by Cheng et al. (2018), who used enzymes to convert longan 
juice sugar into oligosaccharides. Preserved yuzu had lower pH 
value (3.82) but higher acidity (1.31 ± 0.03%), soluble solids 
(34.5 ± 0.00 °Bx), and viscosity than sucrose. Yuzu contains 
various organic acids such as citric acid, tartaric acid, and ascorbic 

acid (Yu et al., 2011). Mandadzhieva et al. (2011) reported the 
use of L. sakei S161 in glucose fermentation to produce lactic 
acid, acetic acid, and ethanol. The low pH and high acidity of 
yuzu oligosaccharide was associated with various organic acids 
in yuzu and the fermentation process.

3.4 Sugar and phenolic contents

As preserved yuzu was transformed into oligosaccharides, 
both the total sugar and reducing sugar contents increased. 
In particular, there was a significant increase in the content 
of reducing sugar (Table  2). L. sakei has been known to 
produce enzymes such as glucansucrase (Kralj et al., 2004) and 
β-galactosidase (Iqbal et al., 2011). Glucansucrase hydrolyzes 
glycosidic bonds of sucrose and catalyzes the synthesis of high 
molecular weight D-glucose polymers (Monchois et al., 1999), 
resulting in a change in total sugar and reducing sugar contents. 
Given that OY is a low molecular weight oligosaccharide 
(Figure  2F), L. sakei NY 518 produced dextransucrase that 
participated in hydrolysis and transglucosylation reactions. Both 
phenolic and flavonoid contents increased in OY. The enzymes 
produced by L. sakei NY 518 induced hydrolysis of glycosides and 
produced aglycone in preserved yuzu. However, the levels of 
some flavonoid family members such as narirutin, naringin, 
hesperidin, and neohesperidin decreased in OY. Bertrand et al. 
(2006) reported the successful glycosylation at C3′ and C4′ of 
B-ring in the structure of flavonoids by dextransucrase from 
L. mesenteroides NRRL B-512F. Thus, this change in phenol 
and flavonoid components suggests the possibility of hydrolysis 
and transglucosylation. The contents of narirutin, naringin, 
hesperidin, and neohesperidin in OY were 34%, 44%, 26%, 
and 38%, respectively, lower than those in preserved yuzu. 
Among flavonoids, naringin and neohesperidin are known to 
impart a bitter taste (Koca et al., 2009). Naringinase exhibits 
α-rhamnosidase and β-glucosidase activities (Puri, 2012) and 
hydrolyzes naringin to naringenin, which is not bitter (Kore et al., 
2018). In this experiment, the bitter ingredients decreased; 
thus, L. sakei NY 518 may produce some α-rhamnosidase and 
β-glucosidase with activities similar to naringinase activity.

Table 2. Changes in sugar and phenolic contents of oligosaccharides from preserved yuzu.

Total sugar
(mg/mL)

Reducing sugar
(mg/mL)

Narirutin
(mg/100 g)

Naringin
(mg/100 g)

Hesperidin
(mg/100 g)

Neohesperidin
(mg/100 g)

Preserved Yuzu 762.29 ± 3.76 90.53 ± 0.62b 235.66 ± 0.20a 62.47 ± 0.08a 149.73 ± 0.03a 65.82 ± 0.01a

OY 783.55 ± 55.63 765.8 ± 3.28a 157.34 ± 0.11b 35.03 ± 0.03b 112.43 ± 0.05b 41.33 ± 0.14b

1)Means with the same letter in each column are not significantly different, as analyzed by the Student’s t-test (p < 0.05). The values represent mean  ±  SD. OY: Oligosaccharide from 
preserved yuzu.

Table 1. Changes in the physicochemical characteristics of oligosaccharides from sucrose and preserved yuzu.

pH Acidity
(%)

Soluble solids
(°Brix)

Hunter’s color value
L a b △E 

Sucrose 5.37 ± 0.00a1) 0.08 ± 0.00d 31.8 ± 0.00d 68.04 ± 0.69a -0.62 ± 0.02c 4.55 ± 0.10d 26.67 ± 0.69c

OS 5.00 ± 0.00b 0.63 ± 0.01c 34.0 ± 0.00c 67.88 ± 0.66a -0.86 ± 0.02d 7.58 ± 0.02c 27.06 ± 0.05c

Preserved Yuzu 3.82 ± 0.00c 1.31 ± 0.03b 34.5 ± 0.00b 34.89 ± 0.03b 0.15 ± 0.03b 31.76 ± 0.06b 65.90 ± 0.05b

OY 3.73 ± 0.00d 1.39 ± 0.02a 36.3 ± 0.25a 26.44 ± 0.04c 11.41 ± 0.01a 38.42 ± 0.12a 77.31 ± 0.09a

1)Means with the same letter in each column are not significantly different, as analyzed by the Duncan’s multiple range test (p < 0.05). The values represent the 
mean  ±  SD (n = 3). OS: Oligosaccharide from sucrose; OY: Oligosaccharide from preserved yuzu. ∆E (color difference) is calculated by terms of L(lightness), a(redness), b(yellowness) 
as ΔE = √(∆L2+∆a2+∆b2).
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3.5 α-glucosidase inhibitory activity

The α-glucosidase inhibitory activity was investigated to 
determine the antidiabetic effect of OS and OY. As shown in 
Figure  3, OS and OY exhibited seven and two times higher 
α-glucosidase inhibitory activities, respectively, than their 
substrates. Oligosaccharides are known to prevent diabetes 
by inhibiting α‐glucosidase and relieving insulin and leptin 
resistance (Zhu et al., 2019), but the exact mechanism is yet 
unclear. As the inhibitory activity of α-glucosidase decreases 
with a decrease in the viscosity of polysaccharides (Yuan et al., 
2020), the increased α-glucosidase inhibition activity was related 

to the viscosity of the produced oligosaccharides. As the viscosity 
of OS was lower than that of OY (Table 1), factors other than 
viscosity may influence the α-glucosidase inhibition activity. 
Therefore, OY had some active inhibitors of α-glucosidase that 
could mediate anti-diabetic effect.

3.6 Antimicrobial activity

The antibacterial activities of OS and OY were investigated 
through the agar diffusion assay using five food-poisoning or 
cavity-producing strains (Figure 4).

Figure 3. α-glucosidase inhibition activities of oligosaccharides from sucrose and preserved yuzu. Means with the same letter in each column 
are not significantly different, as analyzed by the Duncan’s multiple range test (p < 0.05). OS: Oligosaccharide from sucrose, OY: Oligosaccharide 
from preserved yuzu.

Figure 4. Antimicrobial activities of oligosaccharides. (A) Antimicrobial activity on agar plate against Staphylococcus aureus ATCC 12600, 
Salmonella typhimurium DT104, and Escherichia coli O157:H7 ATCC 35150. (B) Measurement of inhibition zones. Means with the same letter 
in each column are not significantly different, as analyzed by the Duncan’s multiple range test (p < 0.05).
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Both OS and OY exhibited antibacterial activities against S. 
aureus ATCC 12600, Salmonella typhimurium DT104, and E. coli 
O157:H7 ATCC 35150 but not against L. monocytogenes ATCC 
19114 and S. mutans KCTC 3065. The antibacterial activity of YS 
was higher than that of OS, especially against S. aureus ATCC 
12600 and Salmonella typhimurium DT104 (10.5 ± 0.9 and 
10.2 ± 1.1 mM zone of inhibition, respectively). In addition, 
OY showed an 8.37 mM zone of inhibition for E. coli O157:H7, 
indicating 2.5 time’s higher antibacterial activity than that of 
OS at the same concentration. Glucose showed antibacterial 
activity only against Salmonella typhimurium DT104, while OS 
was found to be more effective against gram-positive and oral 
odor-producing strains than against gram-negative bacteria. 
Polysaccharides composed of many monosaccharides linked 
by glycosidic bonds are known to exert antibacterial activity, 
and the underlying mechanism has been associated with their 
molecular weights (No et al., 2002; Simůnek et al., 2012). In this 
experiment, the increase in the antibacterial activity of OS and 
OY was thought to be related to the change in their molecular 
weights, as OS showed higher antibacterial activity against 
Salmonella typhimurium DT104 than glucose.

4 Conclusion
In conclusion, the strain NY 518 considered to produce 

oligosaccharide was isolated from traditional foods and identified 
as L. sakei. The oligosaccharide produced by enzymatic reactions 
was a gluco-oligosaccharide. OY had higher percentages of tri- to 
nona-saccharides than OS. The bioconversion from preserved 
yuzu to oligosaccharide reduced its pH and increased the acidity. 
The levels of some flavonoid family members such as narirutin, 
naringin, hesperidin, and neohesperidin decreased. In addition, 
OY showed higher α-glucosidase inhibition activity as well as 
phenolic compounds and superior antimicrobial effects than 
OS. L. sakei NY 518 could be used as a low molecular weight 
oligosaccharide-producing strain and applied to sugar-preserved 
foods. The produced oligosaccharide had better functions than 
conventional oligosaccharides.
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