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Abstract
Hyacinth bean was used for developing a functional yogurt-like product with a high level of gamma
aminobutyric acid (GABA). Germinated hyacinth bean extract was fermented with three different yogurt
cultures to pH 4.5 and then stored at 4–6°C for 21 days. The variation in GABA and phytic acid levels
during cold storage was evaluated. The type of culture and storage time signi�cantly in�uenced GABA
and phytic acid levels. Lactococcus lactis ssp. cremoris, Lc. lactis ssp. lactis and Streptococcus
thermophilus produced a yogurt-like product with the highest level of GABA. In addition, the level of GABA
and phytic acid signi�cantly decreased during cold storage.

1 Introduction
Hyacinth bean (Lablab purpureus (L.) Sweet) is a tropical and subtropical legume originating from Africa
[1], contains abundant glutamic acid, which is an essential precursor for the formation of GABA, a four-
carbon nonprotein amino acid with various potential health bene�ts [2]. Hyacinth bean seeds are a good
source of protein, available carbohydrates, dietary �ber, minerals (phosphorus, calcium and iron) and
�avonoids such as kievitone and genistein [1]. However, the seeds also contain anti-nutritional
compounds such as phytic acid, trypsin inhibitors and tannins [1].

The germination of hyacinth beans signi�cantly increased the level of GABA and decreased the level of
phytic acid [3]. Moreover, germination can also be applied for the reduction in “beany” �avour in soybean
derived products [4] and lowering of phytic acid and tannin levels [5]. To date, there is no data reported in
the literature for the development of yogurt-like products containing GABA from hyacinth beans.
Therefore, this study aimed to develop a functional yogurt-like product using germinated hyacinth beans
and different yogurt cultures during which the change in the level of GABA and phytic acid during cold
storage was investigated.

2 Materials And Methods
The GABA standard and phytic acid sodium salt hydrate was purchased from Sigma Aldrich. Yogurt
cultures were (1) Lyofast Y 258 A and (2) Lyofast Y 450 B, both containing a combination of S.
thermophilus and Lactobacillus delbarueckii ssp. bulgaricus (Sacco, Italy), (3) XPL-20 containing Lc.
lactis ssp. cremoris, Lc. lactis ssp. lactis and S. thermophilus (Chr-Hansen, Denmark).

The hyacinth bean seeds were soaked in tap water at 36°C for 10 h, drained and germinated at 30°C for
36 h in an incubator at relative air humidity of 65%. The germinated seeds were ground with hot water at
a 1:5 ratio (w/v) at 80°C and �ltrated through cheesecloth. The slurry was mixed with sugar, whey powder,
whole milk powder and butter oil (8, 1, 4, and 2% (w/v), respectively) to be “hyacinth bean extract”. After
heating at 90°C for 5 min and cooling to 43°C, the hyacinth bean extract was divided into 3 equal
portions, inoculated with the yogurt cultures and incubated at 43°C until reaching pH 4.5, then were stored
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for 1, 7, 14 and 21 days at 4–6°C. The resulting yogurt-like products were coded as follows: Y-258, Y-XPL
and Y-450 were prepared using yogurt culture Lyofast Y 258 A, XPL-20 and Lyofast Y 450 B, respectively.

The pH of the yogurt-like samples was measured using a pH meter (SevenCompact S220, Mettler Toledo,
Switzerland). Titratable acidity was determined according to ISO/TS 11869:2012 [6]. GABA was
determined using a colourimetry method according to Zhang [7] and phytic acid was determined using a
colourimetry method according to Gao et al. [8].

All analyses were performed in triplicate and data were presented as mean ± standard deviation.
Statistical analyses were performed with Minitab 16. The effect of yogurt culture and storage time was
tested by general linear model: yij = µ + αi + βj + (αβ)ij + εij, where: µ: overall mean; αi: ith yogurt culture; βj:

jth storage day; (αβ)ij: yogurt culture-storage day interaction; εij: experimental error. Tukey’s multiple range
test was conducted to detect differences between means with 95% con�dence (P < 0.05).

3 Results And Discussion
In the present study, whey powder was added to hyacinth bean extract to provide more substrate (lactose)
for lactic fermentation. pH and titratable acidity were signi�cantly in�uenced by yogurt culture and
storage time (P < 0.001). The interaction between yogurt culture and storage time was also signi�cant for
pH (P < 0.01) and titratable acidity (P < 0.001). The pH and titratable acidity value were signi�cantly
different between the cultures. The pH value for Y-XPL and the titratable acidity value for Y-450 were the
highest (Table 1).
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Table 1
pH and titratable acidity of yogurt-like products

  pH Titratable acidity

(millimoles NaOH/100 g)

1 d 7 d 14 d 21 d 1 d 7 d 14 d 21 d

Lyofast Y 258 A 4.47

± 0.01

4.45

± 0.01

4.37

± 0.01

4.34

± 0.02

7.64

± 0.08

7.75

± 0.00

8.36

± 0.06

8.36

± 0.01

XPL-20 4.47

± 0.01

4.46

± 0.01

4.40

± 0.01

4.39

± 0.01

7.42

± 0.17

7.58

± 0.11

7.66

± 0.06

8.14

± 0.06

Lyofast Y 450 B 4.44

± 0.01

4.42

± 0.01

4.35

± 0.01

4.32

± 0.01

7.91

± 0.08

8.05

± 0.02

8.47

± 0.05

9.07

± 0.10

ANOVA

YC *** ***

ST *** ***

YC ⊆ ST ** ***

Note: Data are expressed as mean value ± standard deviation (n = 3).

YC: Yoghurt Culture

ST: Storage time

*, ** and ***: Signi�cantly different at P < 0.05, P < 0.01 and P < 0.001, respectively

Yogurt culture and storage time strongly affected the level of GABA and phytic acid level in the yogurt-like
samples (P < 0.001) (Table 2). The level of GABA in yogurt-like products was much lower than that in
unfermented hyacinth bean extracts. These �ndings suggest that the GABA-producing/degrading ability
of lactic acid bacteria (LAB) during fermentation and storage possibly depend on the species. Therefore,
the degradation of GABA might be due to the conversion of GABA to succinic acid by GABA transaminase
(GABA-T) released by yogurt cultures. Although the level of GABA rapidly decreased after 1 day of
storage, the level of GABA in the yogurt-like products made from germinated hyacinth bean is much
higher than that previously reported in soymilk yogurt [2, 9] and cow’s milk yogurt [10].
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Table 2
The level of GABA and phytic acid in yogurt-like products

  The level of GABA

(mg/g DM)

The level of phytic acid

(mg/g DM)

UFE 1 d 7 d 14 d 21 d UFE 1 d 7 d 14 d 21 d

Lyofast Y
258 A

3.18

± 
0.15

1.90

± 
0.00

1.88

± 
0.03

1.71

±
0.00

1.59

± 
0.04

21.43

± 
0.09

11.73

± 
0.06

11.71

± 
0.09

11.45

± 
0.06

11.40

± 
0.08

XPL-20 3.18

± 
0.15

2.20

±
0.01

2.15

± 
0.01

2.12

±
0.02

1.64

± 
0.09

21.42

± 
0.19

11.82

± 
0.12

11.81

± 
0.09

11.58

± 
0.10

11.47

± 
0.19

Lyofast Y
450 B

3.17

± 
0.14

1.68

± 
0.01

1.65

±
0.05

1.47

± 
0.06

1.39

± 
0.02

21.42

± 
0.17

11.67

± 
1.10

11.61

± 
0.24

11.39

± 
0.04

11.36

± 
0.08

ANOVA

YC *** *

ST *** ***

YC ⊆ ST *** n.s

Note: Data are expressed as mean value ± standard deviation (n = 3).

YC: Yoghurt Culture, ST: Storage time, DM: Dry matter, UFE: Unfermented hyacinth bean extract

*, ** and ***: Signi�cantly different at P < 0.05, P < 0.01 and P < 0.001, respectively

n.s: Not signi�cant

According to Oh [2], L. delbrueckii ssp. bulgaricus and S. thermophilus did not signi�cantly in�uence the
level of GABA, meanwhile other LAB such as L. brevis, Lc. lactis and L. rhamnosus could enhance the
level of GABA. As shown in Table 2, the level of GABA is signi�cantly different between the yogurt-like
products made from different cultures at all periods of storage. Its level in Y-XPL was higher than that in
Y-258 and Y-450. Therefore, the degradation of GABA might depend on the strains used for the
fermentation.

The level of phytic acid in yogurt-like products was much lower than that in unfermented hyacinth bean
extract, probably because of it degradation by the enzyme phytase released from yogurt cultures [11].
During cold storage, the level of phytic acid signi�cantly decreased. This �nding is similar to that in
soymilk yogurt reported by Nguyen and Do [9].
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Table 2 also shows the level of phytic acid varied signi�cantly between the cultures. Y-XPL contained the
highest phytic acid. Several studies have suggested that L. delbrueckii ssp. bulgaricus and S.
thermophilus and strains of L. acidophilus, L. casei and L. plantarum could degrade phytic acid during
fermentation of soymilk [9, 11]. Our �ndings indicate that fermentation of hyacinth bean with yogurt
cultures might potentially improve mineral bioavailability.

4 Conclusion
This study demonstrated that hyacinth bean could be a good material for the development of a
functional yogurt-like product. The type of yogurt culture and period of storage signi�cantly in�uenced
the level of GABA and phytic acid. Lc. lactis ssp. cremoris, Lc. lactis ssp. lactis and S. thermophilus (XPL-
20) used as cultures for germinated hyacinth bean extract are suitable for producing a functional yogurt-
like product with a high level of GABA.
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