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Abstract 
 

The aim of this study was to evaluate the effect of orange peel fiber powder (OPFP) in comparison to that of Tremella flava 

Chen fermented powder (TFP) on Lactobacillus plantarum SLC 13 exopolysaccharide (EPS) production. Growth of and EPS 

production by SLC 13 in MRS medium supplemented with different concentrations of glucose, OPFP, and TFP were 

investigated. The antioxidant activity of EPS and antibacterial property of the culture medium were investigated by adding 6% 

glucose, 2% OPFP, and 2% TFP to the SLC 13 culture medium. Supplementation with 6% glucose, 2% OPFP, and 2% TFP 

significantly promoted EPS production and bacterial viability. Maximum EPS production (2.6647 ± 0.0380 g/L) of SLC 13 

was observed when 2% OPFP pretreated with 3 N HCl was added to the culture medium. Supplementation of 2% OPFP 

treated with 20 U xylanase, 20 U cellulase, and 10 U cellulase/10 U xylanase increased the EPS production by strain SLC 13. 

The highest reducing power and DPPH and ABTS radical scavenging activities of EPS were observed when the culture 

medium was supplemented with 6% glucose. Supplementation with 6% glucose and 2% OPFP enhanced the antibacterial 

property of the SLC 13 medium against Staphylococcus aureus and Salmonella typhimurium, respectively. Our findings that 

OPFP promotes growth, EPS production and antibacterial property of SLC 13 suggest that it has potential for industrial 

application as an economic prebiotic. © 2017 Friends Science Publishers 
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Introduction 
 

Citrus fruits are among the important economic crops, with 

a worldwide production of more than 88 million tons per 

year, and one-third of citrus fruits are used for the 

production of fruit juice (Izquierdo and Sendra, 2003). 

Agricultural wastes from citrus fruit processing account for 

50% of the total fruit weight (Cohn and Cohn, 1997). Most 

of these agricultural wastes are non-reusable, except a small 

portion that is used for the extraction of essential oils and 

the preparation of pectin and animal feeds (Malla et al., 

2015; Liu et al., 2016; Masson et al., 2016). Hence, the 

effective use of citrus processing wastes is a research topic 

worthy of investigation. A previous study indicated that 

citrus fibers interact with foods and alter their nutritional 

value, tissues, and flavors during food processing (Sendra et 

al., 2008). The fibers enhanced the viability of lactic acid 

bacteria (LAB) in yogurts under cold storage, and it was 

speculated that they contain oligosaccharides that promote 

the growth of lactic acid bacteria (Sendra et al., 2008). 

 Tremella fuciformis is an edible mushroom that is used 

in traditional Chinese medicinal mushrooms. Since the 

concepts of health maintenance and disease prevention are 

gradually becoming popular, the development of potential 

health supplements has become more important. A previous 

study on T. flava Chen suggested its multiple physiological 

activities; mice that continually drank T. flava Chen 

fermented soymilk (TFS) exhibited increased anti-

inflammatory activity and resistance against Salmonellosis 

(Chen et al., 2014). However, research on T. flava Chen as a 

supplementary food remains scarce. 

Animal- and plant-derived LAB are food-grade 

microorganisms, and their exopolysaccharides (EPS) are 

being employed as additives with GRAS (Generally 

Recognized as Safe) status (Lin et al., 2007). This type of 

additives can improve the rheological properties (Roller and 

Dea, 1992), texture, and stability of products (Lin et al., 

2007). Hassan et al. (1996) have pointed out that the use of 

EPS-producing LAB in yogurt production can improve the 

water retention capacity of the product and prevent 
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syneresis. In addition, EPS-producing LAB exhibit health-

promoting effects in humans, and the EPS have prebiotic 

effects that are indirectly associated with human health and 

exhibit antioxidative, antitumor, immunomodulatory, and 

antibacterial activities, and blood cholesterol-reducing 

effects (Li et al., 2014; Deepak et al., 2016). Therefore, the 

use of LAB-derived EPS in the development of functional 

polysaccharide products with health benefits is worthy of 

study.  

In this study, we aimed to evaluate the effects of 

orange peel fiber powder (OPFP) and T. flava Chen 

fermented powder (TFP) on Lactobacillus plantarum SLC 

13 (SLC 13) EPS production for future development of 

EPS-rich fermented drinks. 

 

Materials and Methods 
 

LAB Strain 

 

The EPS-overproducing LAB strain used in this study was 

isolated from Meinong District, Kaohsiung, Taiwan by Jing-

Yao Huang (Department of Food Science and 

Biotechnology, National Chung Hsing University, Taiwan), 

and was identified as L. plantarum via API 50 CHL and 16S 

rDNA sequencing (Roy et al., 2001). The strain was named 

L. plantarum SLC 13. 

 

Preparation of TFP 

 

T. flava Chen (ATCC 201807) is a fungal strain identified by 

Dr. Chee-Jen Chen (Department of Biotechnology, Southern 

Taiwan University, Taiwan; Chen 1998). Liquid T. flava 

Chen fermentation broth was lyophilized and stored until 

used in our experiments. 

 

Preparation of OPFP 

 

Orange peel wastes were collected from orange juice 

vendors of the local market. The oranges were Citrus 

sinensis, originating from the Gukeng town ship, Yunlin 

County, Taiwan. The orange peels were washed and 

immersed in reverse osmosis water for 1 h until the peel 

fibers swelled. Then, the remaining flesh was removed and 

the white peel fibers were isolated and dried in an oven at 

80°C for 4 h, followed by pulverization using a pulverizer. 

The pulverized peel fibers were filtered through an 80-mesh 

sieve to obtain OPFP that has good water solubility. The 

OPFP was stored in a moisture-proof cabinet until use. The 

preparation procedure of OPFP is shown in Fig. 1. 

 

Chemically Treated OPFP 

 

The OPFP was dissolved in 1 N and 3 N HCl or NaOH 

solutions at a concentration of 10% (w/v). The solution was 

hydrolyzed by stirring for 1 h, after which the pH was 

adjusted to 7.0 with NaOH or HCl, respectively. Then, the 

solutions were freeze-dried and stored in a moisture-proof 

cabinet until used. 

 

Enzyme-Treated OPFP 

 

The OPFP was treated with 20 U xylanase (EC 3. 2. 1. 8), 

20 U cellulase (EC 3. 2. 1. 4), and 10 U xylanase + 10 U 

cellulase dissolved in in reverse osmosis water. The 

solutions were adjusted to a concentration of 2% (w/v) and 

hydrolyzed by stirring for 1 h. Then, the solutions were 

freeze-dried and stored in a moisture-proof cabinet until 

used. 

 

Effects of MRS Broth Supplemented with Different 

Substrates on the Growth of SLC 13 

 

MRS broth was supplemented with different substrates at 

various concentrations as follows: 0, 2, 4, 6 and 8% glucose; 

0, 0.5, 1.0, 1.5 and 2.0% OPFP; 0, 0.5, 1.0, 1.5 and 2.0% 

TFP; 2% OPFP pretreated with different chemicals; and 2% 

OPFP pretreated with different enzymes. After sterilization, 

the cooled media were inoculated with SLC 13 and 

incubated for 48 h to measure the EPS yield, bacterial 

growth, residual sugar and pH. 

 

Analysis of EPS Production 

 

EPS production by strain SLC 13 was evaluated according 

to a previous study with a modification (Kim et al., 2005). 

In brief, the liquid fermented by LAB for 48 h was 

centrifuged at 6,000  g for 15 min and the supernatant was 

carefully collected. A 1-mL aliquot of supernatant was 

mixed with 4 mL of 95% ethanol, and the mixture was 

incubated at 4C for 24 h. The precipitated EPS was 

centrifuged at 9,000  g for 15 min and the supernatant was 

discarded. The pure EPS precipitate was oven-dried at 60C 

for 24 h. EPS production was analyzed by the phenol-

sulfuric method using glucose as a reference standard 

(Torino et al., 2001).  

 

 
 
Fig. 1: Procedure for preparing OPFP 
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Determination of Bacterial Growth 
 

A ten-fold serial dilution of SLC 13 culture in PBS was 

prepared. Each dilution was homogenized by vortexing, and 

1 mL was transferred into a petri dish. Molten MRS agar 

was poured into the petri dishes, mixed with the bacteria, 

and left to cool before incubation at 37°C for 48 h to 

determine the viable counts by colony counting. 
 

Determination of the Amount of Residual Sugars 
 

Residual sugars were determined according to the method 

described by Miller (1959). Fermentation broth that had 

been cultured for 48 h was centrifuged. One milliliter of 

diluted (1:10) supernatant was transferred into 3 mL of 3, 5-

dinitrosalicylic acid reagent. After thorough mixing, the 

solution was incubated in boiling water for 5 min followed 

by incubation in cold water for 3 min. Then, 5 mL of reverse 

osmosis water was added to the solution, the mixture was 

homogenized by vortex prior, and the absorbance at 540 nm 

was measured. The absorbance values of glucose solutions 

of different concentrations were plotted as a calibration 

curve to determine the amount of residual sugars. 
 

Determination of Antioxidant Capacity 
 

Freeze-dried EPS was obtained from MRS broth, MRS 

broth supplemented with 6% glucose, MRS broth 

supplemented with 2% OPFP, and MRS broth supplemented 

with 2% TFP after SLC 13 cultivation for 48 h. The EPS 

was dissolved at 0.625, 1.25, 2.5, 5, 10 and 20 mg/mL to 

determine the antioxidant capacity as follows: 

Reducing power: The reducing power was determined 

according to the method described by Oyaizu et al. (1986) 

with modifications. First, 125 μL of EPS solutions of 

different concentrations were evenly mixed with 125 μL of 

0.2 M potassium phosphate buffer solution (pH, 6.62) and 

125 μL of 1% potassium ferricyanide, followed by 

incubation in a water bath at 50°C for 20 min. After snap-

cooling, 125 μL of 10% trichloroacetic acid was added and 

the mixtures were centrifuged at 2,300 × g for 10 min. One 

hundred microliters of the supernatant was reacted in the 

dark for 10 min with 100 μL of de-ionized water and 20 μL 

of 0.1% FeCl3. The absorbance at 700 nm wavelength was 

measured. Using vitamin C (0.625 mg/mL) as a positive 

control, the reducing power (%) was calculated with the 

following formula: 
 

Reducing power (%) = (OD700 value of sample/OD700 value 

of positive control) × 100 
 

1,1-Diphenyl-2-picrylhydrazyl (DPPH) free-radical 

scavenging capacity: This assay was performed according 

to the method described by Shimada and others (1992). EPS 

solutions of different concentrations (160 μL) were mixed 

40 μL of freshly prepared 1 mM DPPH solution in ethanol. 

After 45 min of reaction in the dark, the absorbance at 540 

nm was measured. Using ethanol as a positive control, 

DPPH radical scavenging capacity (%) was calculated with 

the following formula:  
 

DPPH radical scavenging capacity (%) = [1 – (OD540 value 

of sample/OD540 value of control group)] × 100 
 

ABTS free-radical scavenging capacity: The assay was 

performed according to the method described by Roberta et 

al. (1999) with modifications. Twenty microliters of ABTS, 

20 μL peroxidase, and 20 μL H2O2 were mixed with 120 μL 

deionized water and allowed to react in the dark for 60 min. 

Then, 20 μL of EPS solutions of different concentrations 

were added and allowed to react in the dark for 10 min, after 

which the absorbance at 734 nm was measured. Using 

deionized water as control, the ABTS free-radical scavenging 

capacity was calculated with the following formula:  
 

ABTS radical scavenging capacity (%) = [l – (OD734 value of 

sample/OD734 value of control group)] × 100 

 

Antibacterial-activity Assay 

 

The agar well diffusion method as described previously was 

applied to detect and determine the antibacterial activities of 

the SLC 13 strain (Touré et al., 2003). Staphylococcus 

aureus (BCRC 10908), Bacillus cereus (BCRC 12813), and 

Listeria monocytogenes Scott A (Briers and others, 2011) 

were used as gram-positive indicator strains, and Escherichia 

coli (BCRC 11778) and Salmonella typhimurium (BCRC 

10747) served as gram-negative indicator strains. All 

indicator strains were incubated in Luria-Bertani (LB) broth 

overnight and then diluted to 7 log10 CFU/mL with LB broth. 

LB agar plates were prepared with five wells of 6 mm in 

diameter. One hundred microliters of the indicator strains in 

LB broth was spread on the surface of an LB agar plate, and 

50 μL of an overnight LAB culture medium supplemented 

with 6% glucose, 2% OPFP, or 2% TFP was placed into the 

wells. The LB agar plates were incubated at 37°C for 24 h. 

The antibacterial activities of LAB strains were assessed by 

the diameter of the inhibition zones. The interpretation of 

antibacterial activities of these LAB strains was as follows: 

＜10 mm, (–) no antibacterial activity; 10–15 mm, (+) weak 

antibacterial activity; > 15, (++) strong antibacterial activity. 

The antibacterial activity of each strain was evaluated in 

three independent experiments. 
 

Statistical Analysis 
 

Data are expressed as the mean ± standard deviation (SD) of 

triplicate experiments. Significant differences (p <0.05) 

between means were identified using Duncan’s multiple-

range test (DMR-Test). 
 

Results 
 

Effects of Supplementation of SLC 13 Culture Medium 

with Glucose, OPFP and TFP 
 

Previous studies have indicated that glucose is the best 
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carbon source for EPS production in LAB (Cerning et al., 

1994) and that EPS yield in LAB is proportional to the 

glucose concentration (Walling et al., 2005). Another study 

suggested that MRS broth supplemented with different 

polysaccharides of mushroom wastes enhances the viability 

of LAB during cold storage (Chou et al., 2013). Therefore, 

this study further analyzed and compared the culture of SLC 

13 in MRS broth supplemented with different 

concentrations of glucose, OPFP, and TFP to assess their 

EPS production- and viability-enhancing effects. We first 

established a procedure for OPFP production for potential 

further commercialization (Fig. 1). As shown in Table 1, the 

tested additives did not significantly affect the pH of the 

culture medium and the supplementation of 8% glucose, 2% 

OPFP and 2% TFP, maximized the EPS yield up to 2.2581 ± 

0.3881, 2.4691 ± 0.0268 and 2.5582 ± 0.0873 g/L, 

respectively, while the viable counts were 8.9487 ± 0.0345, 

7.6696 ± 0.0656, and 7.9558 ± 0.0746 log10 CFU/mL, 

respectively. Based on the amount of residual sugars, 

excessive glucose enabled a higher EPS yield and viable 

count in SLC 13, but the bacteria were unable to fully utilize 

the excessive glucose during the late stage of fermentation 

(Table 1). Supplementation with 6% or 8% glucose showed 

no significant difference; therefore, 6% glucose was used in 

further experiments. In contrast, OPFP not only was utilized 

by SLC 13, it also promoted glucose utilization. In addition, 

SLC 13 was capable of utilizing TFP as a raw material for 

EPS production and bacterial growth, but retained more 

glucose than when the broth was supplemented with OPFP 

(Table 1). 

 

Effects of SLC 13 Culture Medium Supplemented with 

OPFP Pretreated with Enzymes or Chemicals 

 

Chemical treatment using acid and alkali as well as 

enzymatic treatment can be applied for the pretreatment of 

fibers of agriculture waste, of which acid treatment is the 

most widely used (Kumar et al., 2009). This study 

compared the effects of 2% OPFP pretreated with acid, 

alkali, and enzymes on EPS production by and viability of 

SLC 13, to enhance the applicability of the fibers. The 

results of chemical treatments showed that pretreatment 

with 3 N HCl exhibited the greatest effect with an EPS yield 

of 2.6647 ± 0.0380 g/L and a bacterial count of 7.9098 ± 

0.0491 log10 CFU/mL (Table 2). Notably, proper chemical 

treatment may digest OPFP to produce abundant 

oligosaccharides and monosaccharides for SLC 13. The 

amount of residual sugars revealed that acid treatment had 

the greatest effect, with 3 N HCl yielding the maximum 

amount of residual sugars of 9.6928 ± 0.0183 g/L. However, 

the overproduction of salts produced by neutralization 

possibly led to salt stress, thus inhibiting the growth of SLC 

13, rendering the bacteria unable to utilize mono- and 

oligosaccharides at the late stage of fermentation (Table 2). 

 The results of enzymatic treatments of OPFP showed 

that treatment with 20 U xylanase, 20 U cellulase, and 10 U 

cellulase + 10 U xylanase all significantly improved the 

EPS yield (Table 3). This might be due to the production of 

large amounts of monosaccharides and oligosaccharides 

from the enzymatic hydrolysis of OPFP, which become 

available to SLC 13 for EPS production. Moreover, based 

on the amount of residual sugars, enzymatic treatment, 

especially with xylanase, promoted a more complete 

utilization of monosaccharides in the medium by SLC 13 to 

produce abundant EPS. Interestingly, the viable counts were 

not significantly improved in comparison with that of the 

untreated group. 
 

Antioxidant Capacity of EPS Produced by SLC 13 in 

Culture Medium Supplemented with glucose, OPFP and 

TFP 
 

The effects of the different substrates on the antioxidant 

capacity of EPS produced by SLC 13 were further analyzed. 

The results indicated that 6% glucose had the greatest 

positive effect on the reducing power of EPS at a 

concentration of 20 mg/mL, followed by no 

supplementation, 2% OPFP, and 2% TFP, with reducing 

powers of 121.1548 ± 2.1861%, 109.1203 ± 6.1522%, 

101.1332 ± 4.1096%, and 98.4888 ± 2.2972%, respectively 

(Fig. 2A). 

 The greatest enhancing effect on the DPPH free-

radical scavenging capacity of EPS at a concentration of 20 

mg/mL was noted for 6% glucose, followed by 2% TFP, 2% 

OPFP, and no supplementation, with DPPH scavenging 

capacities (%) of 73.7676 ± 3.1502, 67.1828 ± 3.6326, 

58.2132 ± 3.2622% and 52.2335 ± 1.8811, respectively 

(Fig. 2B). MRS broth without supplementation of any 

substrate showed a greater effect than MRS broth 

supplemented with 2% OPFP on the DPPH free radical 

scavenging capacity (%) of 10 mg/mL EPS. 

 In terms of the ABTS free-radical scavenging capacity 

(%) of EPS, 6% glucose exhibited the greatest enhancing 

effect at high concentration of EPS (20 mg/mL), followed 

by 2% OPFP, no supplementation, and 2% TFP, with ABTS 

scavenging capacities (%) of 85.1297 ± 0.7075, 82.4351 ± 

2.4061, 76.2974 ± 6.2307 and 69.8104 ± 5.4724, 

respectively (as shown in Fig. 2C). Interestingly, MRS broth 

supplemented with 2% OPFP exhibited the greatest effect 

on EPS at low concentration (5 mg/mL). 
 

Antibacterial Activity of SLC 13 Culture Medium 

Supplemented with Glucose, OPFP and TFP 
 

In this study, we analyzed whether supplementation of the 

culture medium with 6% glucose, 2% OPFP and 2% TFP 

affects the antibacterial activity of SLC 13. Agar well 

diffusion testing showed that regardless of whether the MRS 

broth was supplemented or not with 6% glucose or 2% 

OPFP, the inhibition zone diameter was greater than 10 mm 

for all indicator strains (Table 4). Culture medium 

supplemented with 6% glucose and 2% OPFP exhibited the 

greatest antibacterial effect against S. aureus and S. 
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typhimurium, respectively. Surprisingly, supplementation of 

the MRS broth with 2% TFP reduced the inhibition zones of 

L. monocytogenes and B. cereus below 10 mm. 
 

Discussion 
 

In this study, we evaluated the effect of orange peel fiber 

powder (OPFP) in comparison to that of T. flava Chen 

fermented powder (TFP) on L. plantarum SLC 13 

exopolysaccharide (EPS) production. The results showed 

that the supplementation of 8% glucose, 2% OPFP and 2% 

TFP, maximized the EPS of SLC 13 (Table 1). These results 

suggested that OPFP and TFP are potential prebiotics that 

can replace glucose to increase the EPS yield and bacterial 

growth of SLC 13. However, as an agricultural waste that 

can be added into the culture medium after a simple 

processing procedure, OPFP is the more economical 

candidate for industrial application. 

The stress tolerance and antioxidant activity of LAB 

isolated from tropically grown fruits and leaves are highly 

variable (Fessard et al., 2016). Our results showed that, 

although chemical treatments are relatively more simple and 

economic than enzymatic treatments, in addition to 

monosaccharides, large amounts of salts are produced in the 

neutralization after chemical treatments, which might inhibit 

bacterial growth (Table 2 and 3). A previous study showed 

that L. casei Z3-1, especially with the addition of cellulase, 

could improve the fermentation quality of wheat straw 

silage as compared to cellulase-only-treated silages (Ni et 

al., 2014). Hence, enzymatic treatment would be the method 

of choice for OPFP treatment, to obtain fermented 

beverages of SLC 13 with higher viscosity. 

The antioxidant activity of a polysaccharide depends 

on its combined structural characteristics, including the 

configuration of the glycosidic bond, molecular weight, and 

monosaccharide content (Zheng et al., 2014). In this study, 

6% glucose exhibited the greatest enhancing effect on the 

antioxidant capacity of EPS. In addition, 2% OPFP 

increased the DPPH and ABTS scavenging capacities of 

EPS produced by SLC 13 (Fig. 2). Whether these additives 

affect EPS synthesis/structure in the bacterial cells, thereby 

influencing its antioxidant capacity, remains to be further 

clarified. 

Previous studies have shown that LAB inhibit 

Table 1: EPS production, bacterial growth, residual sugar, and pH of L. plantarum SLC 13 culture medium with different 

supplements 

 
Characteristics Supplements Concentration (w/v) 

EPS (g/L)  0% 2.0% 4.0% 6.0% 8.0% 

Glucose 0.4322 ± 0.0145cA 0.6922 ± 0.0191cB 1.2569 ± 0.2567bA 2.0302 ± 0.1572aA 2.2581 ± 0.3881aA 
 0% 0.5% 1.0% 1.5% 2.0% 

OPFP 0.4340 ± 0.0142eA 0.7262 ± 0.0157dAB 1.5061 ± 0.0820cA 2.0941 ± 0.0172bA 2.4691 ± 0.0268aA 

TFP 0.4372 ± 0.0395eA 0.9651 ± 0.1298dA 1.6100 ± 0.1260cA 2.1184 ± 0.0977bA 2.5582 ± 0.0873aA 
Bacterial count  

(log 10 CFU/mL) 

 0% 2.0% 4.0% 6.0% 8.0% 

Glucose 7.0570 ± 0.0806cA 8.5177 ± 0.0373bA 8.5267 ± 0.0910bA 8.8821 ± 0.0523aA 8.9487 ± 0.0345aA 

 0% 0.5% 1.0% 1.5% 2.0% 
OPFP 7.0211 ± 0.0117dA 7.1364 ± 0.0224cB 7.1577 ± 0.0342cB 7.2516 ± 0.0120bC 7.6696 ± 0.0656aC 

TFP 6.9856 ± 0.0444dA 7.1536 ± 0.0194cB 7.2509 ± 0.0585cB 7.6712 ± 0.0393bB 7.9558 ± 0.0746aB 
Residual sugars 

(g/L) 

 0% 2.0% 4.0% 6.0% 8.0% 

Glucose 0.0450 ± 0.0016eA 0.1567 ± 0.0016dA 0.3412 ± 0.0006cA 0.5285 ± 0.0051bAB 0.7150 ± 0.0062aB 

 0% 0.5% 1.0% 1.5% 2.0% 
OPFP 0.0452 ± 0.0091bA 0.1484 ± 0.0274aA 0.1291 ± 0.0365aA 0.1033 ± 0.0183abB 0.0968 ± 0.0274abC 

TFP 0.0426 ± 0.0420cA 0.2065 ± 0.2373bcA 0.4388 ± 0.3833bcA 0.8841 ± 0.3742abA 1.1551 ± 0.0821aA 

pH   0% 2.0% 4.0% 6.0% 8.0% 
Glucose 3.7250 ± 0.0212cA 3.5750 ± 0.0071cC 3.5550 ± 0.0071bcC 3.5350 ± 0.0071bC 3.5350 ± 0.0071aC 

 0% 0.5% 1.0% 1.5% 2.0% 

OPFP 3.7400 ± 0.0141eA 3.7850 ± 0.0071dB 3.7650 ± 0.0071cB 3.7450 ± 0.0071bB 3.7300 ± 0.0000aB 
TFP 3.7450 ± 0.0212cA 3.8300 ± 0.0141aA 3.8550 ± 0.0071abA 3.9200 ± 0.0141bcA 3.9400 ± 0.0141cA 

Data are the mean of three replicates ± SD. Different letters indicating a column or a row are statistically significant differences at p<0.05; OPFP, orange 

peel fiber powder; TFP T. flava Chen fermented powder 

 

Table 2: EPS production, bacterial growth, residual sugar, and pH of L. plantarum SLC 13 medium after incubation with 

OPFP pretreated with chemical reagents in MRS broth 

 
Characteristics Chemically treated OPFP* 

 Control Acid treatment Alkali treatment 

  1 N HCl 3 N HCl 1 N NaOH 3 N NaOH 

EPS (g/L) 2.4691 ± 0.0268b 1.2794 ± 0.1193d 2.6647 ± 0.0380a 1.6596 ± 0.0007c 2.3151 ± 0.0910b 
Bacterial count (log 10 CFU/mL) 7.6696 ± 0.0656b 6.9494 ± 0.0069e 7.9098 ± 0.0491a 7.1072 ± 0.0096d 7.2731 ± 0.0425c 

Residual sugars (g/L) 0.0968 ± 0.0274cd 0.2259 ± 0.0639b 9.6928 ± 0.0183a 0.0516 ± 0.0548d 0.1871 ± 0.0456bc 

pH  3.7300 ± 0.0000a 3.5950 ± 0.0071d 3.6800 ± 0.0141b 3.6350 ± 0.0071c 3.5900 ± 0.0000d 
*The MRS broth was supplemented with 2% chemically treated OPFP; *Data are the mean of three replicates ± SD. Different letters indicate statistically 

significant differences at p < 0.05; OPFP, orange peel fiber powder. 
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pathogens through several mechanisms. For instance, Zheng 

et al. (2016) reported that L. pentosus strain LPS16 

produces lactic acid to inhibit multidrug-resistant 

Helicobacter pylori. In addition, the growth of pathogenic 

bacteria has been demonstrated to be inhibited by 

bacteriocins, such as plantaricins NC8, 35d, W, A, and C, 

and plantacin B, produced by L. plantarum (Hauge et al., 

1999; Moll et al., 1999; Messi et al., 2001; Maldonado et 

Table 3: EPS production, bacterial growth, residual sugar, and pH value of L. plantarum SLC 13 incubated with OPFP 

pretreated with different enzymes in MRS broth 
 

Characteristics Enzyme-treated OPFP* 

 Control Xylanase (20 U) Cellulase (20 U) Xylanase (10 U) + cellulase (10 U)  

EPS (g/L) 2.4691 ± 0.0268b 3.1488 ± 0.0410a 3.1467 ± 0.0574a 3.2169 ± 0.0895a 

Bacterial count (log10 CFU/mL) 7.6696 ± 0.0656a 7.5341 ± 0.0806ab 7.4265 ± 0.0917b 7.6433 ± 0.0140a 
Residual sugars (g/L) 0.0968 ± 0.0274a 0.0129 ± 0.0183a 0.0839 ± 0.0821a 0.0129 ± 0.0183a 

pH  3.7300 ± 0.0000a 3.7900 ± 0.1980a 3.7150 ± 0.1626a 3.6900 ± 0.1273a 
*The MRS broth was supplemented with 2% OPFP pretreated with different enzymes. 

Data are the mean of three replicates ± SD. Different letters indicate statistically significant differences at p < 0.05. 
OPFP, orange peel fiber powder 
 

Table 4: Antibacterial activity of L. plantarum SLC 13 incubated in culture medium supplemented with different substrates 
 

Bacterial strains characteristics MRS broth supplemented with 

 - 6% glucose 2% OPFP 2% TFP 

Pathogenic bacteria*  

Gram-positive     

Staphylococcus aureus (BCRC 11863) + ++ + + 
Listeria monocytogenes (BCRC 14848) + + + - 

Bacillus cereus (BCRC 12813) + + + - 

Gram-negative     
Salmonella typhimurium (BCRC 10746) + + ++ + 

Escherichia coli (BCRC 11778)  + + + + 
*Inhibition level was determined by the diameter of the inhibition zone: (-) <10 mm; (+) 10–15 mm; (++) > 15 mm 
OPFP, orange peel fiber powder; TFP, T. flava Chen fermented powder 

 

 
 

Fig. 2: Antioxidant capacity of EPS produced by SLC 13 incubated in MRS broth with different substrates. (A) Reducing 

power (% of vitamin C); (B) DPPH radical scavenging (%); (C) ABTS radical scavenging (%). OPFP, orange peel fiber 

powder; TFP T. flava Chen fermented powder. Each value is expressed as the mean ± SD (n = 3) 
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al., 2003). Maldonado et al. (2004) reported that the 

presence of specific bacteria could act as an environmental 

signal to switch on bacteriocin production in L. plantarum 

NC8 via a quorum-sensing mechanism mediated by 

PLNC8IF. However, the mechanism/molecules through 

which SLC 13 can inhibit the growth of pathogens needs to 

be clarified to develop alternative therapies in future. 

Bochmann et al. (2015) reported that the production of class 

I lantibiotics (subtilin-like lantibiotics) by B. subtilis is 

strongly influenced by glucose. Whether supplementation 

with different substrates affects the production of 

antibacterial molecules by SLC 13 is worth further 

investigation. 
 

Conclusion 
 

The OPFP with potential as a prebiotic to improve the EPS 

yield and viability of L. plantarum SLC 13 and partially 

increased the EPS antioxidant capacity and antibacterial 

activities of the culture medium. Although the 

supplementation with TFP tended to have similar effects, 

OPFP has higher economic value for industrial application. 

The development of orange peel fibers and T. flava Chen as 

additives is expected to improve the functionality of food 

products such as yogurt and soy milk, thereby enhancing 

their health benefits.  
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