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Abstract
Non sticky short grain rice was liquidized by a-amylase from Bacillus species after cooking 20
min at 121 °C and a lactic acid bacteria fermentation proceeded. The product using mixed culture
of S. thermophilus, L. bulgaricus and L. plantarum was superior than the one of any single or mixed
culture. The most acceptable pH of it was 3.70. It is suggested that L. plantarum is more deeply
related to the product quality. Skim milk promoted lactic acid fermentation but the quality of the
final product was not acceptable in the result of sensory evaluation. The acceptable dilution rate
of final product was 1:3 (rice: water) by weight.
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Introduction

Because of continuing rice surplus in Korea?
and other country'®, new applications for increas-
ing the utilization of this crop need to be de-
veloped. Grain hydrolysis products which include
“Yut” (maltodextrin) and ‘“Hikkae” (using malt)
are in popular in Korea as traditional foods. But
their total consumpution of rice are negligible.

Recently there is a trend to utilize the rice for
snack preparation”, bread®™ and other processed
products in several countries®® but not many at-
tempts were made to utilize rice as a substrate of
lactic acid fermentation except a few works®1?%.

Most of lactic acid fermented product are used
malk and milk based substances because of tas-
te and simple proliferation of lactic acid bac-
1112 Non of commercial lactic acid fer-

teria
mented beverages are based on grains, especial-
ly rice or their related products yet except very
few traditional foods in Africa and South Asia!’?.

Therefore the present study was conducted to
develop and test a procedure for lactic acid fer-
mented yogourt like product from rice.

Materials and Methods

Materials
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Short and non sticky grain rice of 1986 crop
from Califonia was used for all test. Liquefactive
a-amylase were obtained from Sigma Co. which
were bacterial, crude type e-amylase from Bacillus
species showed 90 units per mg solid(1 unit hy-
drolyzes 1.0 mg of maltose from starch in 3 min at
pH 69 at 20°C) and 1,4-e-D-glucan glucano
hydrolase from Bacillus licheniformis, 695 units
per mg protein (1 unit 1s same as above). The skim
milk was obtained from Difco Co.

Rice liquetaction

After soaking rice in water overnight at 20°C,
sterilized it for 20 min at 121 °C in petri dish con-
taining 30 g of rice (rice: water=1:1 by weight
finally). Enzyme solutions of 20,000 units asep-
tically filtered were added into the petridishes
respectively and left them for 24 hours at 37°C.
The liquefaction degree after a-amylase applica-
tion by above conditions was suitable for proceed-
ed lactic acid bacteria fermentation and it’s final
Brix checked by refractometer was 20-25 (Fig. 1).

Lactic acid bacteria and enumeration

The lactic acid bacteria starter cultures, Lac-
tobacillus plantarum, Streptococcus thermophilus
and Lactobacillus bulgaricus which were obtained
from Rosell Institute Inc. were enumerated
separately with Elliker broth for 24 hours at 37 °C.
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Fig. 1. Schematic of laboratory method for liquefaction
and lactic acid fermentation of rice.

Lactic acid bacterial fermentation

The lactic acid bacterial starters(2 m/) were in-
noculated in liquidized rice in each petri dish and
incubated at 37°C. The stater was applied singly
or mixed two or three strains at innoculation
stage.
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Acidity and pH

The acidity was measured by titration method
with 0.1N NaOH and pH was measured by Beck-
man pH meter.

Sensory evaluation

All fermented samples were evaluated for
flavor, texture, and taste by 20 panel members. A
scale of 1 to 10 was used in the order of accep-
tance: 1 indicates extremely poor and 10 extreme-
Iv good.

Analytical data was statistically tested using the
ANOVA and check the difference by LSD be-
tween treatments.

Results and Discussion

The titrable acidity and pH of liquidized lactic
acid fermented rice using various lactic acid bac-
teria applied singly or mixed form are in Table 1.

For the process as a whole, pH and acidity
were greatly changed within 12 hours incubation
and kept go on until 48 hours incubation rather
slowly. S. thermophilus and S. thermophilus mixed
with L. bulgaricus showed slower acid production
than other species especially comparing with L.
plantarum. In case of mixed culture with L. plan-
tarum was rather higher acid production than any

Table 1. Titrable acidity and pH during incubation of liquidized rice by lactic acid bacteria.

Lactic acid Time in hour
Bocteria® 12 18 24 48
L. plantarum pHY 4.009 3.85 3.75 3.45
acidity (%) 0.30 0.38 0.49 0.72
S. thermophilus pH 4.80 4.70 4.50 4.20
acidity(%) 017 0.17 0.20 0.29
S. thermophilus + pH 4.60 4.40 4.40 4.40
L bulgoricus acidity (%) 0.36 0.41 0.38 0.41
S. thermophilus + pH 4.20 3.90 3.80 3.55
L. bulgaricus +
L. planfarum acidity (%) 0.49 0.66 0.70 0.94

a) Commercial yogurt: pH 4.2, acidity 1.3%, Brix 11

b) Each species was incubated separately and mixed at innoculation stage if needed.

¢} Initial pH was 5.8.
d) All data are mean value of triplicates.
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Table 2. Titrable acidity and pH during incubation of liquidized rice mixed with 3% skim milk® by lactic acid bacteria.

Lactic acid Time in hour
Bacterigh 12 18 24 48
L. pontarum pH? 4.454 4.00 3.90 3.50
acidity(%) 0.35 0.50 0.75 0.91
S. thermophilus pH 4.70 4.50 4.50 4.35
acidity{ %) 0.20 0.35 0.38 0.43
S. thermophilus + pH 4.70 4.60 4.55 4.30
L bulgaricus acidity (%) 0.56 0.56 0.58 0.63
P o o am e s
L. pontarum acidity(%o) 0.62 0.89 1.02 1.26

a) Skim milk wos added to soaked rice and sterilized.
b). ¢}, d); Same as foot note of Table 1.

other species used singly or mixed. Comparing
with commercial yogurt, most of the treatments
except S. thermophilus showed lower pH and
higher acidity.

In order to fortify nutrients for lactic acid
bacteria and improve the tastse of the final pro-
duct, skim milk was mixed with liquidized rice in
3% level by weight. The titrable acidity and pH of
each treatment were in Table 2.

The overall trend on pH and titrable acidity of
are nearly same as Table 1., but a little lower pH
and higher acidity in general. It means skim milk
may accelerate lactic acid fermentation as already
known.

The final taste of lactic acid fermented pro-
ducts including yogurt'? and Kimchi®*+!®
deeply influenced by their pH. The sensory
evaluation result of the lactic acid fermented li-

are

quidized rice is shown in Table 3. The minor dif-
ferences found from flavor and texture but there
were not significant differences detected by sen-
sory panal mambers. But in taste, pH 3.7 was sig-
nificantly different with pH 4.9 and pH 3.5.
" Depending upon product characteristics, their op-
timum pH are known“! 14 19 and commercial pro-
ducts must fit the optimum pH. It is possible to
recommend that new lactic acid fermented rice
products would be pH around 3.7.

Table 4 shows sensory evaluation results of
fermented products using various lactic acid bac-

Table 3. Mean values for sensory traits of the fermented
products® upon their various pH.

pH
4.2 3.9 3.7 3.5
Sensory score?
Flovor 4.6 5.40 5.5¢ 5.1,
Texture 5.3 5.00 5.1¢ 4.8°
Taste 4.9% 5.99b 6.00 4.9°

(a) Rice used only and fermented by S. thermophilus, L.
bulgaricus and L. plantarum mixed together.

(b) Mean scores of 20 panelist followed by unlike subscripts are
significantly different (P<0.05)

Table 4. Mean values for sensory traits of the fermented
products® using verious lactic acid bacteria.

S. thermophilus 3~ thermophilus

L. bulgaricus L. bulgaricus

L. plantarum
L. plantarum

Sensory score?

Flavor 5.65° 4.74° 6.10°
Texture 6.15° 6.00° 6.10°
Taste 6.650 4.90b 6.35°

a) Rice used only.
b) Same as Table 3.

teria. There are no significant difference found
from texture but flavor and taste. Mixed culture
product using S. thermophilus, L. bulgaricus and L.
plantarum together was superior significantly than
the one with S. thermophilus and L. bulgaricus
together. This results suggest that L. plantrarum
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Table 5. Mean values for sensory traits of the fremented products using various lactic acid bacteria and skim milk.

Rice

Rice + Skim milk

S. thermophilus

S. thermophilus®

b}
S. thermophilus S- thermophilus

L. bulgaricus L. bulgoricus L bulgaricus L. bulgaricus
L. plontorum L. plontarum
Sensory score
Flavor 5.30 460 490
Texture 4.90 5 10 4,60

a) Same as foot note No. 2 of Table 3.
b) Same as foot not No. 2 and Table 1.

Table 6. Mean values for sensory traits of the fermented
product® by dilution rote.

Ditution Rate {Rice: Water}®)

1:2 1:3 1:4
Sensory score¢)
Flavor 4.350 5.050.b 5.609
Texture 4.80° 6.200 5.90°
Taste 4,60 6.85¢9 6.05¢

a) The product used mixed S. thermophilus, L. bulgaricus and L.
plantarym.

b) Gel type products was diluted by adding water and
homogenized by waring blender of 5 minutes.

c) Same as foot note No. 2 and Table 3.

1s more suitable than other lactic acid bacteria for
rice fermentation.

Although skim milk helps lactic acid produc-
tion faster as Table 2, it doesn’t any good to taste
as the result of sensory evaluation in Table 5.
Flavor and texture are not significantly different
by lactic acid bacteria and substrate but taste is
worse than rice used only (p& 0.05). It is agreed
with Table 4. In some case, Lactobacillus bul-
garicus'® and Lactobacillus spp®” were better than
other lactic acid bacteria for barley fermentation.

The product prepared by procedure on Fig. 1.
is a gel or paste type. It is some time not accepted
to consummer, especially the people adapted to li-
quid lactic acid fermented products.

Table 6 shows which types of products are
more acceptable to panel members. The most pre-
ferable dilution rate is 1:3. Actally there is no

significantly different between 1:3 to 1:4 ratio, but
it trends rather 1:3 ratio in general.
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