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A lactic acid bacteria drink from a vegetable (broccoli) with high nutritional value and various physiological
functionalities was developed, and the preserving property of the drink was studied. When this the broccoli lactic acid
bacteria drink was stored at 5˚C and citric acid was added to it, the drink had a good taste and the number of lactic
acid bacteria remained over 107 CFU/ml for about 10 days. In addition, the broccoli pasteurized lactic acid bacteria
drink was developed in order to extend the storage time. The lactic acid bacteria were sufficiently killed after heating
at 75˚C for 40 min, when pasteurization condition of the lactic acid bacteria drink was examined. However, vitamin C
content was lowered to about 60%. Then, when erythritol was added to the pasteurized lactic acid bacteria drink, the
storage time was extended to 3 weeks, and the taste and aroma also improved. We found the fact that the broccoli pas-
teurized lactic acid bacteria drink suppressed the increase in acetaldehyde, ethanol and acetic acid which cause to the
quality deteriorate in storage.
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Lactic acid bacteria drinks contain the nutrients such as cal-
cium, phosphorus and protein. Many reports have been published
indicating these drinks have physiological functionalities (Labell,
1989; Nakajima et al., 1992; Mann & Spoerry, 1974; Reddy et
al., 1973; Shahani et al., 1976; Takano et al., 1985; Yamamoto et
al., 1994a; 1994b). Thus, the lactic acid bacteria drink is a highly
superior beverage, however, it contain few vitamins and no fiber
at all. On the other hand, vegetables contain important nutrients
such as vitamins, minerals, and fiber. It is apparent that vegeta-
bles have physiological functions of maintaining health and dis-
ease prevention (Bors & Saran, 1987; Cao et al., 1996; Kada et
al., 1982; Wattenberg, 1985).   

In our previous experiment, we developed a new compound
beverage which mixed a lactic acid bacteria drink and a vegeta-
ble (broccoli). This drink contains vitamin C and more inorganic
ingredients than general lactic acid bacteria drinks (Ohba & Iio,
2000). However, in the place market, shelf life is important, and
this item is difficult to sell, has a short shelf life and a high cost.
We therefore looked into refrigerating this broccoli lactic acid
bacteria drink. We measured the aroma component and the num-
ber of lactic acid bacteria and performed a sensory evaluation. To
extend the shelf life of the drink, ascorbic acid which is used to
retain flavor, citric acid used to improve the texture of dairy prod-
ucts and sorbic acid which is used to prevent decay of dairy
products was added to it. Acidification, however, degrades the
flavor, and is observed even during refrigeration (Laye et al.,
1993). To avoid this phenomenon, we also developed a pasteur-
ized lactic acid bacteria drink, and experimented in enhancing
the sugar concentration to prevent contamination after the prod-
uct had been opened.

Materials and Methods
Method of producing the broccoli lactic acid bacteria drink

Broccoli powder was dissolved in water and a suspended solu-
tion of 4% was prepared. The suspended solution was filtered
(Toyo No. 2) and to 160 ml of the filtered solution was added 10
g of skim milk powder, 10 g of sugar and 8 g of brown sugar.
The mixture was pasteurized at 70˚C for 15 min, 40 ml of starter
was added (Streptococcus lactis subsp. cremoris H-61) and the
whole was fermented at 30˚C for 36 h. Thereafter, 0.5 g of citric
acid, 0.5 g of ascorbic acid and 0.01 g of sorbic acid were added. 

Measurement of viable cell count and pH Plate count agar
with BCP (Nissui, Tokyo) was used to enumerate viable S. lactis
subsp. cremoris H-61 in the broccoli lactic acid bacteria drink.
Plates inoculated by the smear culture method were incubated
for 48 h at 37˚C and colonies were counted with the assistance of
a Colony Counter (Shibata, Tokyo). The pH meter F-21 (Horiba,
Kyoto) was used to measure pH. 

Analysis of volatile compounds Four milliliters of the
broccoli lactic acid bacteria drink refrigerated for 0, 1 and 7 days
and 1 ml of 0.2% n-amyl alcohol were mixed, sealed with a rub-
ber cap and incubated for 30 min at 80˚C. Two milliliters of
headspace gas was fractionated by gas chromatography: Model:
GC-14A (Shimadzu, Kyoto), Column: CBP20-S25-050, 25 mm
¥0.33 mm, column temperature: 50–200˚C  (5˚C/min), detector:
FID (230˚C), carrier gas: N2 (1.35 mi/min), sensitivity: 100¥23.
Quantification was based on the internal standard method. The
concentration of each volatile compound was calculated by com-
parison of retention time and peak area by the standard materials
of acetaldehyde, ethanol, diacetyl and acetoin. 

Sensory evaluations During the refrigerated storage, the
drinks were evaluated by 10 members of the laboratory staff (5
males and 5 females; age; 22–35), taste and flavor were evalu-
ated respectively in 4 steps.E-mail: ohba@bio.sojo-u.ac.jp
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Procedure for making the broccoli pasteurized lactic acid
bacteria drink After the broccoli lactic acid drink was pre-
pared, it was pasteurized at 60–75˚C for 20–40 min and then the
results of pasteurization, using viable cell count and vitamin C
content were analyzed. Vitamin C content was measured accord-
ing to the hydrazine coloration method (Ohba & Iio, 2000).      

Examination of the addition of erythritol Erythritol was
added to the prepared drink in concentrations of 0, 5, 10 and
15%. It was then sterilized and at the end of each storage period,
a sensory test was performed.

HPLC analysis of organic acids The broccoli lactic acid
bacteria drink was diluted with deionized water and centrifuged
for 10 min at 3500 rpm. Supernatant fractions were filtered
through a 0.2 �m membrane filter (Toyo, Tokyo). The filtered
supernatant fractions (20 �l) were then injected into a HPLC;
model: SPD-10AV (Shimadzu), column: YMC-Pack ODS-AQ-
304 (300 mm¥4.6 mm), solvents: 20 mM H3PO4-NaH2PO4 (pH
2.8), flow: 1.0 ml/min, temperature: 15˚C, sensitivity: ATTEN; 6
AUX RANGE; 5. Oxalic acid, tartaric acid, pyruvic acid, malic
acid, malonic acid, lactic acid, acetic acid, citric acid, fumaric
acid and propionic acid were prepared in three concentrations
and chromatographed to determine retention times. Quantifica-
tion was based on the external standard method. Best fit, linear
regression lines were obtained for peak height vs. concentration
for each compound. These compounds were detected and quanti-
fied by monitoring the effluent at 220 nm.

Results and Discussion
Effect on preservation of the broccoli lactic acid bacteria

drink by food additive 
Change of viable cell count and pH The drink was preser-

vated in refrigerated storage and every few days, viable cells
were counted (Fig. 1). There were no obvious differences found
in the pH of the drink samples (pH 4.0–4.1), whereas a tendency
was observed for viable cell counts of the control and the ascor-
bic acid additive sample to decrease after 3 days. The viable cell
count was approximately 107 CFU/ml at 7 days. A decreasing
tendency was also observed in the viable cell counts of the citric
acid and sorbic acid additive samples after 5 days. It is thus
apparent that the extinction rate of lactic acid bacteria was inhib-

ited by the citric acid and the sorbic acid. 
Analysis of volatile compounds and sensory test The con-

centration of volatile compounds in all refrigerated samples
changed (Table 1). For acetaldehyde, the control and the sorbic
acid additive decreased, whereas the citric acid additive and the
ascorbic acid additive increased. For ethanol and diacetyl, all
samples increased. For acetoin, all samples decreased. These re-
sults agreed with a previous article (Laye et al., 1993). These vol-
atile compounds were detected in earlier reports (Laye et al.,
1993; Bottazzi & Dellaglio, 1967; Bottazzi & Vescovo, 1969; Ha
et al., 1992; Hamdan et al., 1971; Kang et al., 1988; Keenan &
Bills, 1968).     

In the sensory test, the control and ascorbic acid additive sam-
ple deteriorated remarkably during preservation. In the sensory
test at 10 days, volatile compounds were changing, but the citric
acid additive was the best. This additive was therefore deter-
mined to be the best because it maintained the taste up to 10
days.

Preparation method of the broccoli pasteurized lactic acid
bacteria drink

Examination of the lactic acid bacteria pasteurization
condition It was shown that it was possible to preserve the
broccoli lactic acid bacteria drink for 10 days when citric acid
was added. However, the preservation period must be lengthened
because it is difficult to sell with a short shelf life when long dis-
tance transport is required. We therefore attempted to produce a
pasteurized lactic acid bacteria drink, and first examined the con-
dition governing lactic acid bacteria pasteurization (Table 2).
This condition was determined from the viable cell count of the
lactic acid bacteria and the vitamin C content. Lactic acid bacte-
ria died out after heating at 60˚C for 70 min, but only a little
more vitamin C (5.4 �g/ml) remained than before pasteurization
(18.9 �g/ml), whereas after heating at 75˚C for 40 min lactic
acid bacteria died out and more vitamin C remained than heating
at 60˚C for 70 min (7.2 �g/ml). Heating at a temperature of 80˚C

Fig. 1. Effects of food additives on the number of lactic acid bacteria in
the broccoli lactic acid bacteria drink. Preservation temperature, 5˚C. �,
Control; �, Sorbic acid; �, Citric acid; �, Ascorbic acid.

Table 1. Effects of food additive on characteristics of the broccoli lactic
acid bacteria drink.

Food additive No addition 0.5% Citric acid

Storage time (days) 0 7 10 0 7 10

Acetaldehyde (ppm) 24.2 11.4 11.0 24.2 41.4 45.6
Ethanol 0.8 1.9 3.4 2.0 3.9 10.1
Diacetyl 1.5 1.7 2.0 4.5 5.9 4.3
Acetoin 3.7 1.9 1.8 3.4 3.3 2.7

Sensory testa)

Aroma +++ ++ ++ +++ +++ ++
Taste +++ ++ + +++ +++ +++

Food additive 0.5% Ascorbic acid 0.01% Sorbic acid

Storage time (days) 0 7 10 0 7 10

Acetaldehyde (ppm) 24.2 41.6 51.3 24.2 19.4 18.8
Ethanol 0.8 8.9 32.7 0.8 3.9 4.2
Diacetyl 1.5 2.5 2.5 1.5 2.4 2.3
Acetoin 3.7 0.7 0.6 3.7 3.0 2.9

Sensory testa)

Aroma +++ ++ + +++ ++ ++
Taste ++ + – +++ +++ ++

Food additives were added to lactic acid bacteria drink after fermentation. 
Storage temperature was 5˚C.
Volatile components were determined by gas chromatography.
a)+++; very good, ++; good, +; bad, –; very bad.
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seemed unsuitable because aggregation of protein in the drink
was observed after heating. Therefore, more vitamin C would
remain if it were pasteurized at 75˚C for 40 min.       

Examination of erythritol concentration We conducted an
experiment which made sugar concentration high to prevent con-
tamination after the product was opened. Maltitol, sorbitol and
erythritol, which have no calories, were added to the broccoli
pasteurized lactic acid bacteria drink. The result was that it was
as good as the most sensory of erythritol. Table 3 shows the
effect of erythritol concentration on quality of the broccoli pas-
teurized lactic acid bacteria drink. The pH during refrigeration
did not show any change. In the sensory test, the sweetness was
too strong at 15% erythritol concentration, but at 10% the sweet-
ness was good. Taste and aroma of the drink with no erythritol
was good for 14 days, whereas the drink with 10% erythritol
concentration was good for 21 days. 

Analysis of volatile compounds and organic acids in the
broccoli lactic acid bacteria drink and the broccoli pasteurized
lactic acid bacteria drink

Analysis of volatile compounds and sensory test Table 4
shows a comparison of volatile compounds in the broccoli lactic

acid bacteria drink and the broccoli pasteurized lactic acid bacte-
ria drink. In the sensory test, the broccoli lactic acid bacteria
drink was good in taste and aroma for 7 days, whereas the broc-
coli pasteurized lactic acid bacteria drink was good for 21 days.

In the volatile compounds, acetaldehyde and ethanol of the
broccoli lactic acid bacteria increased with the preservation time,
while the broccoli pasteurized lactic acid bacteria drink did not
show this tendency.       

Analysis of organic acids Table 5 shows a comparison of
organic acids in the two drinks. After fermentation, lactic acid
increased about 3 fold. The increase in the citric acid was be-

Table 2. Effects of various pasteurizing conditions on cell number and
vitamin C content in the broccoli lactic acid bacteria drink after fermenta-
tion.

Pasteurizing conditions Lactic acid bacteria number 
(CFU/ml)

Vitamin C 
(�g/ml)

Control 2.5¥1010 18.9  (100)
60˚C, 20 min 3.9¥104 12.3  (65)
60˚C, 30 500 10.5  (56)
60˚C, 40 255 9.3  (49)
60˚C, 50 129 8.5  (45)
60˚C, 60 32 6.8  (36)
60˚C, 70 0 5.4  (29)
70˚C, 20min 125 11.1  (59)
70˚C, 30 99 9.1  (48)
70˚C, 40 19 7.9  (42)
70˚C, 50 0 7.9  (34)
75˚C, 20min 95 10.4  (55)
75˚C, 30 42 8.5  (45)
75˚C, 40 0 7.2  (38)

(  ): control was expressed as 100%.

Table 3. Effects of erythritol on characteristics of the broccoli pasteurized
lactic acid bacteria drink.

Erythritol (%) Storage time
(days)

Sensory testa)

Aroma Taste

0 0 ++ ++
7 ++ ++

14 ++ +
21 + –

5 0 +++ +++
7 ++ +++

14 ++ ++
21 + +

10 0 +++ +++
7 +++ +++

14 ++ +++
21 ++ ++

15 0 ++ +
7 ++ +

14 ++ +
21 + +

a)+++; very good, ++; good, +; bad, –; very bad.

Table 4. Changes of volatile components in the lactic acid bacteria drink
and the broccoli pasteurized lactic acid bacteria drink during preservation.
A)

Storage time (days) 0 7 14 21

Acetaldehyde (ppm) 22.2 40.3 58.3 61.2
Ethanol      1.1 2.8 10.0 12.9
Diacetyl     3.6 4.6 4.4 4.0
Acetoin     3.2 3.4 2.6 2.0

Sensory testa)

Aroma +++ ++ + +
Taste +++ +++ + –

B)
Storage time (days) 0 7 14 21

Acetaldehyde   (ppm) 20.1 22.3 21.5 20.6
Ethanol        0.9 1.2 2.5 3.3
Diacetyl     3.4 3.8 3.3 2.8
Acetoin     3.2 2.0 1.8 1.5

Sensory testa)

Aroma +++ +++ ++ ++
Taste +++ +++ +++ ++

Storage temperature was performed at 5˚C. Volatile components were deter-
mined by gas chromatography. A) The broccoli lactic acid bacteria drink. B)
The broccoli pasteurized lactic acid bacteria drink. a)+++; very good, ++;
good, +; bad, –; very bad.

Table 5. Changes of organic acid in the broccoli lactic acid bacteria drink
and the broccoli pasteurized lactic acid bacteria drink during preservation.
A)

Storage time (day) 0 7 14 21

Oxalic acid (mg/ml) 0.06 0.05 0.07 0.06
Tartaric acid 0.75 0.91 1.17 1.07
Pyruvic acid 0.15 0.13 0.18 0.16
Malic acid 0.47 0.41 0.58 0.51
Malonic acid 0.15 0.16 0.17 0.15
Lactic acid 13.24 13.44 14.17 15.56
Acetic acid 0.80 0.90 0.94 1.79
Citric acid 4.14 4.31 5.02 4.83
Fumaric acid 0.02 0.02 0.02 0.02
Propionic acid 2.48 2.71 2.67 2.48

B)
Storage time (day) 0 7 14 21

Oxalic acid (mg/ml) 0.06 0.06 0.05 0.06
Tartaric acid 0.93 1.23 1.24 1.40
Pyruvic acid 0.07 0.09 0.09 0.10
Malic acid 0.70 0.49 0.49 0.35
Malonic acid 0.15 0.15 0.17 0.19
Lactic acid 12.92 13.60 13.35 14.25
Acetic acid 0.69 0.71 0.65 0.70
Citric acid 4.37 4.34 4.81 5.45
Fumaric acid 0.02 0.02 0.02 0.02
Propionic acid 2.96 2.44 2.47 2.68

Storage temperature was performed at 5˚C. Organic acid contents were
determined by HPLC. A) The broccoli lactic acid bacteria drink. B) The
broccoli pasteurized lactic acid bacteria drink. 
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cause citric acid was added after the fermentation. Acetic acid
concentration of the broccoli lactic acid bacteria drink increased
with preservation time. The increase of acetic acid in preserva-
tion time from 14 to 21 days seems to have had an effect on the
taste and aroma of this drink. On the other hand, acetic acid con-
centration during preservation time in the broccoli pasteurized
lactic acid bacteria drink did not show the same increase ten-
dency. No obvious change in any other organic acid was seen.

In conclusion, it seems to be important that the increase during
preservation time of acetaldehyde, ethanol and acetic acid were
inhibited. We repressed production of these compounds by pas-
teurizing lactic acid bacteria, because those compounds in small
amounts are generated at the refrigeration temperature by living
lactic acid bacteria. We were therefore able to create a drink
which maintained its flavor for 3 weeks. 
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