
Physiochemical properties and probiotic survivability of symbiotic
oat-based beverage

Cuina Wang1 • Shuxia Liang1 • Hao Wang1 • Mingruo Guo1,2

Received: 22 August 2017 / Revised: 28 November 2017 / Accepted: 5 December 2017 / Published online: 12 December 2017

� The Korean Society of Food Science and Technology and Springer Science+Business Media B.V., part of Springer Nature 2017

Abstract The objectives of this study were to develop a

symbiotic oat-based beverage (SOB) and to analyze its

physiochemical properties and the probiotic survivability.

The beverage base was prepared by fermenting a mix

containing oat flour (10%, w/w), sugar (4%, w/w), and

inulin (1%, w/w) with a commercial Lactobacillus plan-

tarum (0.003%, w/w) at 30 �C for 12 h. The SOB was

formulated using the fermented oat base, sugar, stabilizers

(pectin and k-carrageenan), vitamin C, and citric acid. The

beverage was analyzed for total solids (11.65 ± 0.22%),

protein (0.58 ± 0.02%), fat (0.37 ± 0.02%), carbohydrate

(10.70 ± 0.33%), ash (0.14 ± 0.01%), and dietary fiber

(0.70 ± 0.05%). The pH value of the beverage was

stable at about 3.60 during 7-week storage. Lactobacillus

plantarum population in the beverage remained above 107

CFU/g throughout the storage. Oat-based beverage is a low

fat and high dietary fiber symbiotic food.

Keywords Oat � Symbiotic � Fermentation � Probiotic
surviviability

Introduction

Oat, the sixth most important cereal in the world, has been

recorded for at least 2000 years. It is reported to be good

source of proteins, dietary fibers, vitamins, unsaturated

fatty acids, and phytochemicals. Proteins of oat range from

12 to 20% with chemical score of 72–75 and contain high

level of lysine [1]. Dietary fibers account for about 3.1% of

oat and were composed of 55% soluble fiber and 45%

insoluble fiber [2]. b-Glucan, well known for its ‘‘function

claims’’ and ‘‘claims connected with the reduction of dis-

ease’’, constitutes the major water-soluble fraction of oat

[3]. It was reported to be responsible for many biological

activities of oat [3], such as reducing blood glucose and

blood cholesterol levels [4], antiproliferative properties [5],

anticancer properties [6]. However, oat-based food prod-

ucts are limited to oat meal, flakes, and cereal breakfast [7].

Probiotic is a kind of microorganisms, which can colo-

nize in the colon and then exert beneficial health effects on

the host by altering microflora. Lactic acid bacteria (LAB)

are representative live food ingredients of probiotic.

Among LABs, Lactobacillus plantarum is a prominent

species which has been proved to be able to enhancing the

immune system and promoting nutrient absorption by

colonizing in human colon [8]. Lactobacillus plantarum is

widely used in the fermentation of vegetables and fruits.

Prebiotic are a group of carbohydrates which cannot be

decomposed or absorbed in the upper digestive tract but

selectively enhance the growth of one or more probiotic

[9]. In recent years, b-glucan derived from oat or other

cereals has been intensively studied for its prebiotic effects.
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Barley b-glucan can improve the growth rate of Lacto-

bacillus acidophilus LA5, L. plantarum WCFS1, and

Lactobacillus fermentum CECT8448. It was reported that

oat-based products stimulate the bifidobacteria in humans

[10]. Symbiotic foods are foods combined probiotic with

prebiotic and might be more efficient than the individual

components in the colon.

Symbiotic foods is a popular topic in food industry due

to consumers’ demands. Dairy products are the common

carrier of symbiotic food and have been commercialized.

However, considerable proportion of consumers are suf-

fering milk protein allergy and lactose intolerance [11].

Seeking for alternatives to dairy food is necessary and oat-

based symbiotic foods might be the good choice. The

objectives of the present study are to develop a symbiotic

oat-based beverage containing probiotic (L. plantarum) and

prebiotic (inulin) and analyze the physiochemical proper-

ties and probiotic survivability of the product.

Materials and methods

Materials

Whole oat flour was provided by Seamild Co., Ltd. (Guilin,

China). The raw material was analyzed for (w/w): protein

11.97 ± 0.16%, fat 7.54 ± 0.15%, carbohydrate

65.04 ± 1.33%, and dietary fiber 10.57 ± 0.10%. Starter

cultures ABY-3 (Streptococcus thermophilus and Lacto-

bacillus delbrueckii ssp. bulgaricus, with Bifidobacterium

BB-12 and Lactobacillus acidophilus LA-5), Lactobacillus

helveticus and L. plantarum Vege-Start 60, GIN696265

were purchased from Chr. Hansen Co., Ltd. (Milwaukee,

WI, USA). Inulin was purchased from local Zhangye Co.,

Ltd. (Gansu, China). Pectin and k-carrageenan were

donated by CPKELCO (Lille Skensved, Denmark). Sugar

was purchased from a local market. Citric acid and vitamin

C were provided by Qiaofu Co., Ltd. (Beijing, China).

Fortification mix containing iron gluconate, zinc gluconate,

calcium gluconate, and vitamin E was provided by DSM

Co., Ltd. (Heerlen, Netherlands).

Optimization of fermentation conditions for oat base

and formulation of SOB

SOB was formulated with proper amount of fermented oat

base and stabilizer. The fermentation conditions for oat

base including starter cultures, inoculation level, fermen-

tation temperature and time were optimized as shown in

Table 1. The factors were studied under the following

conditions: (a) all samples were inoculated with

0.0005–0.005% L. plantarum and incubated at 30 �C for

12 h; (b) all samples were inoculated with 0.003% L.

plantarum and then incubated at 30 �C for 6–36 h; (c) all

samples were inoculated with 0.003% L. plantarum and

then incubated at 15–50 �C for 12 h. Sugar and vitamin C,

oat base level ranged from 5 to 30% and levels of stabi-

lizers were optimized during the formulation of trials

(Table 1).

Preparation of SOB

The SOB was prepared as described in Fig. 1. Whole oat

flour mix (10%, w/w) was blended for 3 times, gelatinized

at 80 �C for 1 h, sterilized at 121 �C for 15 min, and then

cooled down to 40 �C, incubated with L. plantarum

(0.003%, w/w). The inoculated oat mix was fermented at

30 �C for 12 h, and then the oat base with water, stabi-

lizers, prebiotic and citric acid was homogenized at

30 MPa twice. The formulation of the final product was as

follows (w/w): whole oat flour 5% (oat base 10%), inulin

1%, sugar 6%, vitamin C 0.06%, pectin 0.4%, k-car-
rageenan 0.2%, and citrate acid 0.15%. Three batches of

SOB were prepared on different days and stored at 4 �C for

the subsequent test.

Physiochemical analysis

The pH was determined with a pH-meter (PHS-3C, Jingke,

Shanghai, China) calibrated at 25 �C. Total solids content
was determined by a moisture meter (MJ33, Mettler

Toledo, Zurich, Switzerland). Protein content was mea-

sured by Kieldahl Azotometer (UDK-159, VELP Scientific

Co., Ltd., Brianza, Italy) using a conversion factor of 6.25.

Fat content was measured by Gabriel centrifugation

method (5 min, 1109g). Ash content was measured by dry-

ashing using a muffle furnace (SX-2.5-12, Jingke, Shang-

hai, China). Carbohydrate content was calculated by total

solids minus protein content, fat content or ash content.

Measurable dietary fiber was determined according to

previous study [12]. All measurements were performed in

triplicates for the three trials.

Sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE) of oat protein isolate

SOB samples (50 g) were frozen at - 80 �C for until

further usage. Frozen samples were thawed and left

immersed in hexane solution (1:4, w/v) for 6 h with the

constant agitation for complete contact. After extraction,

the upper hexane liquid was dumped and the oat base

extract was left in the ventilation for drying. Dried oat base

extract was added with 100 mL of NaOH solution

(15 mM), and then agitated for 1 h, centrifuged at

40009g at 10 �C for 10 min. The process was repeated

twice and the two suspensions were collected and
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combined. The combined suspension was adjusted to pH

4.5 with HCl (2 M), and then centrifuged at 10,0009g for

20 min, the precipitate obtained after centrifugation was

the oat protein isolate (OPI). The SDS-PAGE analysis for

OPI was conducted using gel imaging system (GelDoc

2000, Bio-Rad, CA, USA) according to the method of

Angelov et al. [13].

Table 1 Variables for

optimization of fermentation

conditions for oat base and

formulation of SOB

Level

Fermentation conditions

Starter culture ABY-3, L. helveticus, L. plantarum

Inoculation level (%, w/v) 0.0005, 0.001, 0.002, 0.003, 0.004, 0.005

Fermentation temperature (oC) 15, 21, 30, 37, 42, 50

Fermentation time (h) 6, 12, 18, 24, 30, 36

Production of SOB

Sugar (%, w/v) 0, 1, 2, 3, 4, 5, 6

Vitamin C (%, w/v) 0, 0.02, 0.04, 0.06, 0.08, 0.1

Oat base (%, w/v) 5, 10, 15, 20, 25, 30

Pectin (%, w/v) 0.1, 0.2, 0.3, 0.4, 0.5

k-Carrageenan (%, w/v) 0.1, 0.2, 0.3, 0.4, 0.5

Whole oat flour 
suspension (10%, w/v) 

Milled by colloid mill 
for 3 times 

4% Sugar 

Oat base 
Fermented at 
30oC for 12 h 

Sterilized at 121oC  
for 15 min 

0.003% 
L. plantarum

Heated at 80oC for 1h 

Cooled down to 40oC 

0.06% Vc  

Blended 

Water, Citric acid, 
Pectin/ -Carrageenan 

Homogenized at  
30 MPa for 2 times 

Stored at 4oC 

Symbiotic 
oat-based beverage 

Fig. 1 Flow chart of

preparation of the symbiotic

oat-based beverage (SOB)
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Viscosity determination

Viscosity was measured using a Brookfield viscometer

(DV-3, Brookfield Engineering Laboratories, Inc., Mid-

dleboro, MA, USA). Samples were loaded to the vis-

cometer with constant revolution of 200 rpm with a LV4

spindle.

Sensory evaluation

Thirty graduate students at the Department of Food Sci-

ence, Jilin University were selected and trained as the

primary evaluators. And then a panel including 10 persons

was screened based on the ability of describing and sen-

sitivity to sensory attributes. The panel was trained

according to international standards [14]. An overall

acceptability was rated based on the aspects of color, tex-

ture, flavor and taste. Before tasting each sample, the

panelists were required to rinse their mouth thoroughly

with deionized water. Then, all the panelists were required

to assess the samples individually and gave the overall

acceptability score with a full score of 10 (from dislike to

like).

Storage stability determination

Samples added with different level of stabilizers were

prepared and then stored in graduated tubes at 4 �C for

2 weeks. The height of upper liquid layer was measured

and recorded as the index of the separation. It would be 0 if

there was no separation, or it would be ‘‘gelation’’ if the

beverage gelled when stabilizers were added.

Shelf-life tests and survivability of probiotics

During storage, overall acceptability, survivability of pro-

biotics, pH, and viscosity of the beverage samples were

conducted weekly for 7 weeks. Enumeration of Bifi-

dobacterium and L. acidophilus were conducted according

to the procedure of Chr. Hansen [15]. Count of L. helveticu

was conducted as the method described by Shah et al. [5].

The enumeration of L. plantarum was measured according

to China National Food Safety Standard [16] and the pro-

biotic result was expressed as CFU/g. SDS-PAGE of stored

samples was conducted according to the instruction of the

SDS-PAGE Gel Kit (Kangwei, Beijing, China) using an

electrophoresis unit (Bio-Rad Laboratories, USA) at

130 V.

Yeast, mold, and coliform counts

Coliform, mold, and yeast counts were determined using

Petrifilm plates (3MTM PetrifilmTM, St. Paul, MN, USA).

The coliform plates were incubated at 35 �C for 24 h. Mold

and yeast plates were incubated at 21 �C for 5 d. Coliform

count was expressed as MPN/100 mL and mold/yeast

counts was expressed as CFU/g.

Statistical analysis

All data obtained were expressed as mean ± standard

deviation (SD). The significant differences of data between

samples and control were calculated using Version SPSS

11.5 (SPSS Inc. Chicago, IL). The significance level was

set at p\ 0.05 and p\ 0.01. Data were checked for

homogeneity by Leveneı̌s test. When the data were

homogeneous, one-way analysis of variance (ANOVA) and

then a least squared differences (LSD) model was used.

When the data were heterogeneous, the Dunnett’s test was

applied. All the figures were drawn by Origin 8.0 (Orig-

inLab Corporation, Northampton. USA).

Results and discussion

Preliminary results

Preparation of oat base

Whole oat flour suspension was mixed, gelatinized and

sterilized before fermentation. Oat flour at high levels

would form into paste during heat treatment while too low

level would be insufficient to provide enough oat to the

final SOB. Therefore, choosing an appropriate whole flour

oat level for the preparation of base was essential. Oat flour

ranged from 5 to 30% (w/v) was studied and results indi-

cated that 10% level of oat flour gave preferable texture

and sensory properties to the base and final product (data

was not shown). Walsh et al. [17] reported that a 5% level

of whole oat flour was used for the production of yogurt-

like symbiotic oats-based product. However, it should be

noticed that the authors used a gelation agent before fer-

mentation and the starter cultures were different. Angelov

et al. [13] stated that 5.5% oat flour was the appropriate

level for fermentation of oat using L. plantarum B28 as

starter culture with consideration of viable cell counts and

b-glucan content.

Starter culture, inoculant level, incubation time

and temperature

To achieve required level of probiotic population and

sensory attributes, the oat mix was inoculated with ABY-3,

L. plantarum or L. helveticus. Results (Supplementary File

Fig. S1) indicated that both ABY-3 and L. plantarum give a

final pH value below 5, while L. helveticus about 6.13.
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Compared with ABY-3, L. plantarum had higher acid

producing ability and a final pH below 4.5. The survival

rate of the different starter cultures on the oat was mea-

sured. Compared with ABY-3 or L. helveticus, oat inocu-

lated with L. plantarum showed the highest population of

probiotic (* 8.26 Log CFU/g) under the optimized con-

ditions, while the other two was 7.58 and 6.86 Log CFU/g,

respectively. It was documented that the most suitable pH

for the growth of L. plantarum was about 6.5, while the

original pH value of 10% oat is about 6.29. This proved the

feasibility of L. plantarum for the following fermentation.

Similar results were also reported by other scholars who

used same starter culture but different strains. Angelov

et al. [13] developed an oat-based probiotic drink using L.

plantarum B28. Russo et al. [18] developed an oat-based

fermented beverage using L. plantarum Lp90. Magala et al.

[19] also formulated an oat beverage using L. planatarum

CCM 7039.

Effects of inoculant level, incubation time and temper-

ature of L. plantarum on overall acceptability, pH, and

probiotic population of SOB were shown in Fig. 2. With

the inoculant level increased, the overall acceptability

increased and the highest score occurred at 0.003 or

0.004% [Fig. 2(A)]. As regarding of viable probiotic, there

was no significant difference between oat with 0.003 or

0.004% (p[ 0.05). The pH value of oat fermented with

0.004% starter culture was significantly lower than other

levels (p\ 0.05). Effects of incubation time ranging from

0 to 36 h on properties of SOB were studied [Fig. 2(B)].

Beverage prepared with oat base fermented for 12 h

showed highest overall acceptability score. With prolonged

incubation time, pH of the SOB decreased from 6.29 to

3.80. Probiotic population started to decrease from 30 h,

which might be the beginning of decline period. Effects of

incubation temperature on overall acceptability and pro-

biotic cell were shown in Fig. 2(C). It can be seen that oat

incubated at 30 �C showed the highest overall acceptability

score (7.86 ± 0.06) and viable probiotic population

(8.53 ± 0.09 Log CFU/g). Combined all the results dis-

cussed above, oat base was fermented at 30 �C for 12 h

with inoculant level of 0.003% of L. plantarum. The tem-

perature was lower and time was shorter than other studies

which reported to be 37 �C for 16–48 h [13, 18, 19].

However, another study reported the similar results where a

yogurt-like beverage made by fermenting a mixture of

cereals, soy, and grape used various levels of L. plantarum

at 30 �C for 8 h [20]. The difference should be attributed to

the different starter cultures, the concentration of the oat or

the type of the substrate.

SOB formulation

Sugar, as the main carbon source of microorganism and a

sweetener, was added into the product to facilitate the

production of acidity in fermented oat product [17]. Sugar

level ranged from 0 to 6% was studied. Compared with the

control, 4% level increased the population of L. plantarum

by almost 2 logs and there was no significant difference

between SOB with 4% or with 6% (p[ 0.05). Combined

with the sensory properties of the final product, 6% addi-

tion level was selected.
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To increase the acidity of the final product, effects of

vitamin C ranged from 0 to 0.1% on the population of

probiotic were investigated (data were not shown here).

Vitamin C addition gave the product a final pH value about

3.45. Furthermore, compared with the control, 0.06%

addition can improve the population of L. plantarum by

almost 1 log. Therefore, 0.06% vitamin C addition was

selected.

Flavor is one of the major characteristics of non-dairy

symbiotic drink [11] and it is important to balance the oat

flavor and the texture of the final product. SOB prepared

with 50% base exhibited preferable sensory properties and

uniform texture after 24 h storage. Similar result was

reported by Coda et al. [20], who developed yogurt-like

beverages using 50% oat and other cereals as the base.

Gums are often used as stabilizers to improve the texture

and stability of beverages [21]. Effectiveness of high

methoxyl pectin in stabilizing fermented dairy drinks has

been known for 50 years [22]. Pectin and k-carrageenan
are anion polysaccharides, which can interact with the

positive site of the protein, forming a mixture, preventing

flocculation of the protein by steric hindrance [23, 24].

Combination of pectin and k-carrageenan was evaluated as

the stabilizer of SOB and the results were listed in Sup-

plementary File (Table S1). SOB added with 0.3% pectin/

0.5% k-carrageenan, 0.4% pectin/0.2–0.5% k-carrageenan
remained homogeneous after 2 weeks’ storage. Combined

with the consideration of cost, 0.4% pectin and 0.2% k-
carrageenan was selected as the compound stabilizers.

Chemical composition of SOB

Chemical composition of the SOB was shown in Table 2.

The total solids of the product was 11.65 ± 0.22% and was

similar to that of cow’ milk (* 11.5%) [25]. It was higher

than those reported by Walsh et al. [17].

Oat protein, mainly composed of oat globulins

(* 50%), is superior source of plant protein [1]. The

protein content of the new product was 0.58 ± 0.02%.

Whole grains and cereal brans are the rich source of

insoluble fiber. It should be notable from the chemical

composition analysis that the soluble dietary fibers in the

new product was as high as 0.70 ± 0.05%. b-Glucan,
inulin, and pectin existing in the product were responsible.

b-Glucan, which was typically 3–5%, was the main dietary

fiber in oat [26]. Arena et al. found that barley b-glucans
could improve the growth of L. acidophilus LA5, L.

plantarum WCFS1, L. plantarum CETC 8328, and L. fer-

mentum CECT 8448 [27]. Inulin is well known for

enhancing probiotic growth and has been widely reported

[28]. The SOB is fortified for calcium, iron, zinc, and

vitamin E. The contents of above nutrients for fortification

were: 700 mg/kg calcium, 15 mg/kg iron, 12 mg/kg zinc,

0.40 mg/kg vitamin. The final nutrients were

743.33 ± 13.15 mg/kg calcium, 17.56 ± 0.44 mg/kg iron,

12.13 ± 0.49 mg/kg zinc, 0.41 ± 0.12 mg/kg vitamin,

which was 1024, 506, 1254, and 655% of the SOB without

fortification, respectively.

Shelf-life tests

Sensory evaluation is related with consumers’ acceptance

and satisfaction of a new product. The sensory score of

SOB was about 9 at the beginning and kept up to 7 within

the first 3 weeks, which means the beverage has a good

sensory in 21 days [Fig. 3(A)]. Although there was some

decrease in overall acceptability in the following 4 weeks,

the score was still around 5.

The counts of L. plantarum stayed above 5 9 107 CFU/

g which far exceeds the national requirement

1 9 106 CFU/g for symbiotic beverage [Fig. 3(B)]. It has

been recommended that the viability of probiotics should

be at least 107 CFU/g of product at the time of consumption

to provide various health benefits [29]. Yeast, mold, or

coliform determination was conducted each week and there

was no yeast, mold, or coliform detected during 7 weeks’

storage.

The initial pH of the SOB was about 3.5, which were a

desirable sensory property and a favorable condition for oat

protein to be effective. Acidic protein beverage usually had

a pH value ranging from 3.6 to 4.5. Previous study has

revealed that oat protein isolate has poor functional prop-

erties at slightly acidic and neutral pH levels [30]. During

the storage period, pH values did not change significantly

(p[ 0.05) [Fig. 3(C)].

Viscosity of the SOB was 57.53 ± 1.19 mPa s. Similar

result was reported by Nakamura et al. [31] who developed

a dairy drink with pectin as stabilizer with viscosity of

* 60.5 mPa s. The viscosity of the drink was reduced

significantly in the first 3 weeks (p\ 0.05) and then

Table 2 Chemical composition of SOB

Composition Content

Total solids (%, w/w) 11.65 ± 0.22

Protein (%, w/w) 0.58 ± 0.02

Fat (%, w/w) 0.37 ± 0.02

Carbohydrate (%, w/w) 10.70 ± 0.33

Ash (%, w/w) 0.14 ± 0.01

Dietary fiber (%, w/w) 0.70 ± 0.05

Calcium (mg/kg) 743.33 ± 13.15

Iron (mg/kg) 17.56 ± 0.44

Zinc (mg/kg) 12.13 ± 0.49

Vitamin E (mg/kg) 0.41 ± 0.12
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increased significantly with the highest value at the end of

the study at 73.55 mPa s (p\ 0.05) [Fig. 3(D)].

Oat proteins include globulins, albumins, prolamins and

glutelin [32]. The protein profiles of the beverage were

shown in Fig. 4. The molecular weight of the standards was

about 14, 17, and 64 kDa for a-lactalbumin, b-lactoglob-
ulin, and bovine serum albumin, respectively [33]. The two

main bands in the lane of beverage samples may be that of

globulin for the upper band, the main fraction of oat protein

with molecular weight of about 45 kDa [34]. The lower

band can be distributed to albumins with molecular weight

about 36 and 22 kDa [35]. There were no considerable

changes in the intensity of the major protein bands during

storage.

In summary, the optimal processing conditions for the

symbiotic oat beverage with stable texture and good sen-

sory attributes using L. plantarum as starter culture were at

30 �C and 12 h for fermentation temperature and time.

Population of probiotic in the beverage remained above

107 CFU/g during the shelf life tests. This beverage is a

low fat and high dietary fiber beverage. This new product

maybe a good alternative to dairy beverages.
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Fig. 4 SDS-PAGE of oat protein in the beverage during 6-week

storage. Lane 1: whey protein; Lane 2–7: SOB samples from week 1

to 6
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