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Abdgract
Many studies have reported that oats could effectively reduce the serum cholesterol levels in humans, and the B-glucan in oat is believed to be
responsiblefor this physiologic effect. Probioticsare live microorganismsthat can confer ahealthy benefit on the host when administered in adequate
amounts. Thereisanincreasing use of these microorganismsin food, aiming to balance intestinal microfloraand alleviate dysfunction of the human
gastrointestinal tract. However, anumber of studieshave shown that only 10-30% of these probiotic bacteriacould survive after passing through the
gastrointestinal (Gl) tract. Lactobacillus acidophilusis used as a probiotic bacterium in many probiotic foods. However, L. acidophilus shows poor
growth in cereal products due to its poor hydrolytic ability of protein and macromolecule carbohydrates. The aim of the present study was to
combine Rhizopus oryzae-fermented oat mash and Lactobacillus acidophilusin an oat-based synbiotic beverage. Several factors, including starter
culture concentration, R. oryzae-fermented oat mash and skim milk powder, wereinvestigated. The nutritional contentsin R. oryzae-fermented oat
flour were just sufficient for survival but not growth of L. acidophilus. Adding sucrose (1% or 2%, w/v) did not improve the proliferation of L.
acidophilus; however, L. acidophilus grew quickly when skim milk powder (1% or 2%, w/v) was added. When 5.5% R. oryzae-fermented oat mash
with 2% added skim milk powder was used, the viable cell countsreached about 9.0 log cfu/ml at the end of 10 h fermentation. The concentration of

B-glucans (about 781 mg/l) was not significantly lowered during fermentation.
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Introduction

Oats (Avena sativa L.), as afairly important cereal, has earned
increased attention in recent years due to different dietary fibre
types, such asmixed-linked (1—3), (1—4)-p-glucan, arabinoxylans
and cellulose, in addition torelatively highlevelsof protein, lipids
(unsaturated fatty acids), vitamins, antioxidants and phenolic

compounds 3. Many studies have reported that oats could

effectively reduce the serum cholesterol levelsin humans®, and
the B-glucanin oat isbelieved to beresponsiblefor thisphysiologic
effect >. Meanwhile, severd other physiologic functionsof B-glucen
have also been reported, such as regulating insulin levels and

blood glucose, and controlling weight & 7. Given these physiologic
functions, many oat-based functional foods have been developed.
One group of popular oat-based foods are probiotic products.

Previous studies have already shown that oats are good substrate
for the proliferation of probiotic bacteria and B-glucans could

also be used as prebiotics & °.

Probiotics are live microorganisms that can confer a healthy
benefit on the host when administered in adequate amounts. There
isan increasing use of these microorganismsin food, aiming to
balance intestinal microflora and alleviate dysfunction of the
human gastrointestinal tract °. In commercial probiotic products,
different strains of lactobacilli were used, such as Lactobacillus
casei, L. plantarum, Streptococcus thermophilus and L.
bulgaricus . Probiotic bacteria need to survive in the upper
gastrointestinal (Gl) ecosystemiif they areto exert their beneficial

#Both of Fengyi Gao and Shengbao Cai are co-first authors
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effect. The determining factor for probiotic bacteriato survivein
Gl tract istheacid and biletolerance ability 2. However, anumber
of studies have shown that only 10-30% of these probiotic bacteria
could survive after passing through the Gl tract 3. Therefore, itis
important to guarantee ahigh survival level of probiotic bacteria
becomeimportant.

Strains of several Lactobacillus species, used as probiotics,
have been proven to exert health promoting activities such as
immunomodul ation, enhancement of resistance against pathogens
and reduction of blood cholesterol levels 45, Moreover, it was
reported that L. acidophilus can survive at low pH and in high
bile concentrations unlike other Lactobacillus spp. 6. Lo Curto et
al. 22 reported that L. acidophilus subsp. johnsonii showed the
highest survival ratein the upper gastrointestinal tract compared
with L. casel subsp. shirota and L. casei subsp. immunitas using
anin vitro gastric model of digestion.

However, abottleneck intheuse of L. acidophilusin practice
isthat it haspoor ahility to hydrolyse proteinsand macromol ecular
carbohydrates, which in turn adversely affectsits growth due to
thelack of available sugars and amino acids needed for growth 26,
In order to promotethe proliferation of L. acidophilus, mono- or
oligo-saccharides, protein hydrolysis products, and other
nutritional contents can be added to the substrate. Our objective
is to achieve the proliferation of L. acidophilus by in-situ
hydrolysisof macromolecular substrates.

InAsia, Rhizopus oryzae is commonly used in the preparation
of fermented foodsand isgenerally recognized assafe. Itisknown
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for itsenzymesincluding a-amylase and proteases 28 and coul d
achieve the targeted hydrolysis of macromolecules. In addition,
R. oryzae can produce some secondary metabolites which also
have healthy benefits on human beings, such asmalic acid v'.
We combined fermentation of Rhizopus oryzae and
Lactobacillus acidophilus to take advantage of the properties of
these two strains to develop an oat-based synbiotic product.

Materialsand M ethods

Materials. The microorganisms, used in this study including
Rhizopus oryzae 3.2751 and Lactobacillus acidophilus 1.2686,
were obtained from the Institute of Microbiology, Chinese
Academy of Sciences, and kept inlyophilized format -80°C.

Oat (genotype, G4), harvested in 2010, was purchased from the
ChineseAcademy of Agricultural Sciencesin November, 2010 and
stored at 4°C for further use.

Preparation for the starter culture: Rhizopusoryzae wasgrown
inpotato dextrose agar (PDA) at 25°C for 7 days. Spore suspension
was prepared in 0.9% NaCl solution. The spore suspensionswere
stored at 4°C for further use. The starter culture of L. acidophilus
was obtained by overnight incubation at 37°C in MRS-broth. The
culture was centrifuged (3000xg) for 10 min at 4°C, then the
precipitate was washed by sterilized water and re-suspended in
distilled water toitsoriginal volume. The cell count of the culture
was calcul ated.

Preparation of substrate and fermentation: Beforefermentation,
oat was soaked inwater for 8 h and mashed using aHK-06A high-
speed grinder (Changsha, Hunan, China). The mash was then
sterilized at 121°C for 15 min. The solid-state fermentation was
performed by inoculating the spore suspension of R. oryzaein a
500 ml Erlenmeyer flask containing 100 g of oat mash (10° spores/g
of oat). Then oat mash was incubated at 25°C for 3 days under
static conditions and stirred after 24 h and 48 h of cultivation.
After 72 h fermentation, fermented oat wasdried at 90°Cfor 4 h
and ground with the HK-06A high-speed grinder (Changsha,
Hunan, China) again. Then the mash of fermented oat of different
concentrations (4.0, 5.5 and 7.0% in sterilized water, w/v) was
used as a substrate for L. acidophilus. Five different treatments
wereinvestigated firstly: A) R. oryzae-fermented oat mash, B) R.
oryzae-fermented oat mash + 1% sucrose, C) R. oryzae-fermented
oat mash + 2% sucrose, D) R. oryzae-fermented oat mash + 1%
skimmilk powder (wandashan ®), E) R. oryzae-fermented oat mash
+ 2% skim milk powder. The slurry of each samplewas heated at
90°C for 10 min and cooled to 37°C. Then slurry wasinocul ated
with 2%, 5% and 10% (v/v) L. acidophilus (7.44 log cfu/ml)
respectively. All fermentationswerecarried out at 37°C with 12 h.

Microbiological analysis: The number of viable cells of L.
acidophilus was estimated by counting colony-forming unitson
MRS-agar plates (pH 5.7) after incubation at 37°C for 48 h. The
result was expressed as log, , value of colony-forming units per
gramof sample.

Determination of pH and titratable acidity: A pH-meter (Leici,
Shanghai, China) was used to measure pH of each sampleduring
fermentation of L. acidophilus. Titratable acidity (TA) was
determined by titrating 10 ml sample with 0.1 M NaOH,
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phenolphthalein was used as an indicator. Titratable acid was
expressed asH+ mmol/100 ml.

Determination of B-glucan: f-Glucan content was determined
using an enzymatic kit according to the instruction of the
manufacturer (Megazyme International Ireland Ltd., Co., Ireland).
Absorbance was measured by spectrophotometer at 510 nm.

Satistical analysis: Each experiment was performed in three
separatetrials. Dataare expressed asthe mean values + standard
deviation. The data were also analyzed by one-way ANOVA.
Tukey’s procedure was used to determine the significance of the
differences (p<0.05). Andysiswasdone by SPSS16.0 (SPSS, Inc.,
Chicago, USA).

Resultsand Discussion

Viable cells of L. acidophilusin different samples. Changes of
reducing sugar and free amino acids in oat mash fermented by
Rhizopus oryzae are summarized in Table 1.The reducing sugar
and free amino acids increased significantly due to the

fermentation. The cell populationsof L. acidophilusin different
samplesare presented in Fig. 1. Intreatment A, the viable cells of
L. acidophilus didn’t increase during the fermentation process.
This demonstrated that the nutritional contents in R. oryzae-

fermented oat mash were barely enough to enable the survival of
L. acidophilusbut insufficient for itsgrowth. AsshowninFig.1,
however, the viable cells of L. acidophilusin treatments B (1%
sucrose) and C (2% sucrose) till didn’t increase. Thisindicates
that the sugar levelsin fermented oat mash were adequate for L.
acidophilus. The reason L. acidophilus didn't grow maybe due
tothe deficiency of other nutrients. In samplesD and E, 1% and
2% skim milk powder was added, respectively, in which L.

acidophilus grew rapidly during the first 10 h fermentation

(p<0.05). Theviable celsreached 8.25 and 8.79 log cfu/ml at the
end of fermentation. Theviablecellsof L. acidophilusinsamples
D and E meet therequired level sof viable cellsin probictic products

Table 1. Changes of reducing sugar and free amino acids
in oat mash fermented by Rhizopus oryzae.

Fermented oat  Unfermented oat
Reducing sugar (g kg™ 249.4*° 23.7°
Free amino acids (mg kg™) 2177.4° 389.4°

Values within a row with the same superscript do not differ significantly (p>0.05).
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Figurel. Theviablecell countsof L. acidophilusin 5 different samples.
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(at least 6-7 log cfu/ml) 2°. All of these resultsindicate that some
nutritional contents in skim milk powder can trigger the
proliferation of L. acidophilus. Future research should bedirected
at identifying the skim milk components that stimulate L.
acidophilus.

Concentration of starter culture: The R. oryzae-fermented oat
mash plus 2% skim milk powder wasinoculated with 2.0, 5.0 and
10% starter culturesuspension of L. acidophilus(7.44 1og cfu/ml).
All sampleswere fermented at 37°C for 10 h. Resultsfrom these
fermentationsare presented in Fig. 2. After fermentation with three
inoculum concentrations of L. acidophilus, the level of viable
cell countsreached 7.84, 8.35and 9.01 log cfu/ml, respectively (Fig.
2A). These levels were all above the requirement for probiotic
products. Values of TA with 2.0, 5.0 and 10% inoculum reached
3.53,3.91and 4.62 H* mmol/100 ml, respectively (Fig. 2B). After 10
h fermentation, the pH of three inoculum samples dropped to 3.83-
4.41 (Fig. 2C). In comparison, Martensson et al. 2" have reported
that pH 3.9-4.5 was reached after 16 h fermentation using a
nonspecified commercia mixed dairy starter culture, of an oat base
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(A) 10% v/v starter culture

Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012

by commercia mixed dairy cultures, and Angelov et al. ® achieved
pH 4.0-4.5 after about 8 and 4 hwhen 5.0% or 10% inoculum of L.
plantarum (about 7x10° cfu/mL) was applied, respectively. The
differences between our data and these previous works could be
both dueto the difference of strainsand fermentation media. Taking
all results into account, it may be more suitable to use 10.0%
starter culture concentration, which can give higher amount of
Lactobacillus acidophilus.

Concentration of fermented oat mash: The B-glucan content of
R. oryzae-fermented oat mash was 14.2 g/lkg. High concentration
of fermented oat flour can obtain higher -glucan content in the
final fermented products. In order to optimize the oat mash

concentration, concentrations of fermented oat mash (4.0, 5.5 and
7.0%) plus 2% skim milk powder, respectively, weretested and the
results are presented in Fig. 3. The viable cell count of L.

acidophilus in 5.5% mash was significantly higher than that in
4,0% or 7.0% mash after 10 hfermentation at 37°C (p < 0.05) which
reached 9.11 log cfu/ml, compared to 8.13 and 8.56 log cfu/ml in
4.0% and 7.0% mash, respectively (Fig. 3A). Angelov et al. ®
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Figure 3. Effect of R. oryzae-fermented oat mash concentration on L.
acidophilus fermentation. Viable cell counts (A), titratable acidity (B)
and pH (C).

177



achieved asimilar result when applying L. plantarumto ferment
oat substrate.

Intheinitial stage (<6 h), the TA value of 7.0% mashwasdightly
higher than that of 5.5% mash (p>0.05), but significantly higher
than that of 4.0% mash (p<0.05) (Fig. 3B). Thiscan be explained
by the use of different concentrations of oat mash. The oat mash
wasfirst fermented by R. oryzaewhichisableto produce organic
acids, such as malic and lactic acids ¥'. The difference of TA
between 5.5% and 7.0% mash has gradually disappeared during
the secondary fermentation with L. acidophilus, which may be
caused by e.g. lactic acid produced by the lactobacilli.

In the second phase of fermentation, L. acidophilusgrew more
rapidly inthe5.5% mash thanin 7.0% (Fig. 3A). Thusmorelactic
acid would be produced in 5.5% mash than in 7.0% mash, which
could gradually counteract the difference of TA caused by the
different concentrations of oat mash at the start. The treatment
containing 4.0% mash had the lowest value of TA throughout the
entire fermentation process, which may be due to the lowest
amount of R. oryzae-fermented oat and thelowest viablecell count
of L. acidophilus(Fig. 3B).

The initial pH values (Fig. 3C) in the different treatments
correlated with the concentrationsof R. oryzae-fermented oat mash
and ranged from 5.73t0 5.92. These subtle differencesof initial pH
had little effect on the growth of L. acidophilus, as shown (Fig.
3A) by theinitial (<4 h) countsof L. acidophilus obtained at the
initial phase. A greater pH decrease followed within the 10 h
fermentation; meanwhile, L. acidophilusalso grew rapidly inthese
samples. These results demonstrated that L. acidophilus is
resistant to low pH values. Previous studies also have reported
that L. acidophilusmay proliferate at pH below 5.0 %° and adapt to
disadvantageous environmental conditions .

The initial B-glucan content in the oat mashes obtained with
different mash concentrationswas 56.8, 78.1 and 99.4 mg/100 ml
for 4.0%, 5.5% and 7.0% oat mash, respectively. The fermented
treatment of 5.5% oat mash concentration had the highest viable
cell count of L. acidophilus at the end of fermentation in
comparison to the 4.0% and 7.0% oat flour concentration. Thus,
5.5% oat flour concentration was preferred because of itsviable
cell count and B-glucan content.

Concentration of skim milk powder: It was shownin Fig.1 that
for sustaining the survival of L. acidophilus, the nutrient contents
in the R. oryzae-fermented oat mash are enough, but cannot
support the proliferation of L. acidophilus. The L. acidophilus
grew rapidly when 1% or 2% skim milk powder wasadded into the
R.oryzae-fermented oat mash. The maintenanceof L. acidophilus
requires complex nutrient including numerous amino acids,
vitamins and other related growth factors besides fermentable
carbohydrates?®. Thus, it ispossiblethat skim milk powder contains
nutrients that are required for growth of L. acidophilus. For
example, Toba et al. 2 have reported that lactose in milk could
induce the production of an inducible enzyme -f3-galactosidase,
which can improve the growth of L. acidophilus.

Skim milk powder in concentrations of 1.0, 2.0 and 3.0% (w/v)
was added to the R. oryzae-fermented oat mash, respectively, in
order toincrease fermentation rate asshown in Fig. 4. Theviable
cell countsof L. acidophilusin 1.0, 2.0 and 3.0% skim milk powder
reached 8.40, 8.98 and 8.95 log cfu/ml, respectively, at the end of
10 hfermentation (Fig. 4A). Thetreatment containing 1.0% skim

178

Log cfu/ml

5.00

6.00

0 2 4 6 8 10
Fermentation time(h)

o1
3

I
8

w
8

5

TA H*mmol/100 ml

5

0.00
0 2 4 6 8 10

Fermentation time (h)

6.50

6.00

550

450

4.00

350

0 2 4 6 8 10
Fermentation time(h)

@ 1% (w/v) skim milk powder added
W2% (w/v) skim milk powder added

Figure 4. Effect of skim milk powder concentration on L. acidophilus
fermentation. Viable cell counts (A), titratable acidity (B) and pH (C).

milk had thelowest TA value (Fig. 4B). A pH of 4.5wasachieved
after about 6 h fermentation with 2.0% or 3.0% added skim milk
powder, whilethispH valuewasreached about at theend of 10 h
fermentation in sample containing 1.0% skim milk powder. These
data show that the growth of L. acidophilus was optimally

influenced by a2% concentration of skim milk powder.

A3% (w/v) skim milk powder added

B-glucan content during fermentation: B-glucan is the main
soluble fiber in oats 2. Many physiological functions of this
compound have been reported, including regulation of insulin
levels, serum glucose and cholesterol 51°, Moreover, 3-glucanis
fermented by intestinal florainto low-molecular fatty acids, such
as propionate, butyrate, which have potential anti-carcinogenic
effect and protect against pathogenic bacteria®. Meanwhile, 3-glucan
isconsidered asagood kind of probiotic which can stimulate the
growth of some beneficial residential colon microorganismssuch
asbifidobacteria®. Given these beneficial effects of B-glucan, a
number of synbiotic functional drinks from oats have been
developed.

In the present study, the initial content of B-glucan in sample
was 781 mg/l. During fermentation of L. acidophilus, the content

Journal of Food, Agriculture & Environment, Vol.10 (2), April 2012



of B-glucan was determined at 4, 8 and 10 h. The results are
presented in Fig. 5. No statistically significant changes of 3-
glucans at different fermentation periods were found, which
indicated that the L. acidophilus did not degrade B-glucan. This
behaviour issimilar aswasreported for L. plantarum® 2,

100.00

90.00 a a
— E
IS a
S 80.00
=y
E 7000
§ 60.00
i X

50.00

40.00

0 4 8 10

Time(h)
Figure5. The change of B-glucanscontent at different fermentationtime
of L. acidophilus. Means (bar values) with same letter do not have
significant difference (P>0.05).

Conclusions

Rhizopus oryzae-fermented oat mashes were used as fermented
substrates for L. acidophilus with the aim to develop an oat-
based synbiotic beverage. The nutrientsof R. oryzae-fermented
oat mash can sustain the survival of L. acidophilus but are
inadequate the growth of L. acidophilus. Adding sucrosedid not
promotethe proliferation of L. acidophilus, but adding skim milk
powder facilitated rapid growth of L. acidophilus. B-Glucanin
the beverage (about 781 mg/l) was not degraded during 10 h
fermentation. In conclusion, 5.5% R. oryzae-fermented oat
enriched with 2% skim milk powder can be used asan appropriate
substrate for L. acidophilus fermentation. The viable cell counts
in the sample reached about 9.0 log cfu/ml at the end of 10 h
fermentation.
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