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ABSTRACT

Background. The intake of angiotensin converting enzyme (ACE, EC 3.4.15.1) inhibitory peptides from
food has become a promising method for treating hypertension. Lactic acid producing bacteria are widely
used to produce ACE inhibitors during fermentation.

Material and methods. Several factors which promote the production of ACE inhibitory peptides in Lacto-
bacillus bulgaricus LB6 (inoculum size, incubation temperature, goat’s milk powder, sterilization time, whey
powder, casein hydrolyses and calcium lactate) and media (casein peptone, soybean peptone, glucose, casein,
ascorbic acid, Ca(H,PO,), and lactose) were investigated to optimize and increase ACE inhibitory activity
during the fermentation of goat’s milk by using a Plackett-Burman design, in accordance with previous tests.
Results. The results indicated that incubation temperature, whey powder, calcium lactate, soybean peptone,
glucose and casein had significant effects on both ACE inhibition rate and viable counts. In addition, the
effects of incubation temperature, whey powder, calcium lactate and glucose were found to increase ACE
inhibition rate, while soybean peptone and casein caused it to decrease.

Conclusion. This investigation of conditions which promote the production of ACE inhibitory peptides and
media for LB6 was performed using a Plackett-Burman design. The results indicated that incubation tem-
perature, whey powder, calcium lactate, soybean peptone, glucose and casein had a significant impact on the
ACE inhibition rate and viable counts of LB6, which provide the basis and reference for further optimization.
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INTRODUCTION

Hypertension is a major risk factor for chronic kid- disease, and may also lead to heart failure (Duprez et
ney disease, myocardial infarction, stroke, aneurysm, al., 2002; James et al., 2014; Macmahon et al., 1990).
arteriosclerosis, renal disease and peripheral arterial  Six categories of drugs (diuretics, calcium channel
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blockers, angiotensin II receptor blockers, ACE in-
hibitors, a-adrenergic antagonist and B-blockers) are
employed to reduce hypertension (Grandi et al., 1996).
ACE inhibitors are the most beneficial, as they protect
the target organ without adverse effects on the metabo-
lism of glycolipids.

ACE, also known as Kinase II, is a metallopro-
teinase containing two zinc-catalytically active sites
(Cushman and Cheung, 1971), which can raise blood
pressure by converting angiotensin-I to angiotensin-II
(Leclerc et al., 2002; Nakamura et al., 1996; Ondetti
et al., 1977; Pihlanto-Leppala, et al., 2001; Skeggs et
al., 1956). ACE inhibitors can inhibit ACE activity. As
side effects, such as dry-cough, pruritic rash and taste
disorders, occur when using synthetic ACE inhibitors
(Abassi et al., 2009; Tenenbaum et al., 2000), it is nec-
essary to study food-derived ACE inhibitory peptides
to produce antihypertensive products without toxic
side effects. ACE inhibitory peptides can be tightly
integrated with ACE in the human body, and it is not
easy to release from the ACE binding area (Ondetti
and Cushman, 1982). Thus, ACE inhibitory peptides
can be used against hypertension.

Milk protein is a source of ACE inhibitory pep-
tides from an animal source (Hernandezledesma et
al., 2002; Maruyama, et al., 2006). Goat’s milk has
an unparalleled advantage compared to other dairy
products. The protein, fat, minerals, vitamins and
other nutrients present in goat’s milk are more abun-
dant than in other milks (Belewu and Aiyegbusi, 2002;
Lopezaliaga et al., 2010; Park et al., 2007). Moreo-
ver, goat’s milk contains smaller protein particles,
composed of short-peptide fatty acids. Goat’s milk is
more similar to breast milk than other forms of dairy,
and even has a higher level of immunoglobulin than
breast milk (Haenlein, 2004). Lactic acid bacteria are
a group of gram-positive bacteria that translate car-
bohydrates into lactic acid, which have been widely
used in food fermentation. Proteins are hydrolyzed
into several bioactive peptides with health-promoting
functions by lactic acid bacteria during incubation.
There are 70 kinds of ACE inhibitory peptides from
goat’s milk in the AHTPDB (Kumar et al., 2015). Par-
mar et al. (2017) identified and characterized 26 pep-
tides with ACE inhibitory activity in fermented goat’s
milk with Lactobacillus casei NK9 and Lactobacillus
fermentum LF.
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In our previous study, 4 strains, including L. bulga-
ricus, Lactobacillus rhamnosus, Lactobacillus helve-
ticus and Lactobacillus reuteri were selected as starter
cultures for ACE inhibitory peptide production out of
28 probiotic Lactobacillus strains (Chen et al., 2012).
The effects of ACE inhibitory peptide-producing con-
ditions and media of L. bulgaricus LB6 on the ACE
inhibition rate and viable counts in fermented goat’s
milk were performed by single factor experiments
(Shu et al., 2013a; 2013b; 2014). The aim of this study
was to investigate the significant factors for incuba-
tion conditions and media of L. bulgaricus LB6, to
maximize ACE inhibitory activity and viable counts
of LB6 during fermentation, using the Plackett-Bur-
man design based on previous studies, which provided
a reference for further optimization.

MATERIAL AND METHODS

Strain. L. bulgaricus LB6 was provided by the college
of Food and Biological Engineering, Shaanxi Univer-
sity of Science and Technology (Xi’an, China). The
starter cultures were stored at —20°C in freeze-dried
powder. L. bulgaricus LB6 was activated three times
in rehydrated Man Rogosa Sharpe broth (MRS, Hope-
bio, Qindao, China) with an inoculum size of 5% at
37°C for 24 h prior to use as starter culture to ferment
goat’s milk.

Preparation of fermented goat’s milk. A starter
culture containing L. bulgaricus LB6 was inoculated
into pasteurized reconstituted skimmed goat’s milk,
with an inoculum size of 5%, and fermented at 37°C
for 12 h.

Determination of ACE inhibitory activity. The whey
fraction from fermented goat’s milk was used to meas-
ure ACE inhibitory activity. Aliquots of the ferment-
ed goat’s milk were collected, vigorously stirred and
centrifuged at 5000xg for 15 min to obtain the cor-
responding whey fractions. The supernatants collected
were filtered through a Xinhua filter and used to de-
termine their ACE inhibitory activity. ACE inhibitory
activity was measured by a spectrophotometric assay,
according to the method of Cushman and Cheung
(1971) with modifications. 80 pL of each sample was
added to 200 pL sodium borate buffer (0.1 mol-L",
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pH 8.3) containing NaCl (0.30 mol-L!) and HHL
(5 mmol-L"). ACE (20 puL, 0.1 UmL") was added.
The reaction mixture was then incubated at 37°C for
30 min. 250 pL 1 mol-L-' HCI was added to terminate
the reaction. The hippuric acid formed was extracted
by 1.7 mL ethyl acetate and evaporated at 120°C for
30 min. It was then dissolved in 2 mL deionized water,
after cooling to room temperature. The absorbance at
228 nm was measured in triplicate using UV-spectro-
photometer (Shanghai Spectrum Instruments Co., Ltd,
Shanghai, China).

Calculation of the ACE inhibition rate. The ACE
inhibition rate was determined by the equation:

ACE inhibition rate, % = (4 — B) / (4 — C) x 100%

where:
A — the optical density without the whey fraction,
B —the optical density without ACE,
C —the optical density in the presence of both ACE
and the whey fraction.

Measurement of viable counts. Fermented goat’s
milk was serially diluted in saline solution (0.9%, w/v,
NaCl) containing 0.1 g-L! peptone (0.9%, w/v, NaCl)
and spread on MRS agar plates. After dilution in trip-
licate, the mixture was incubated for 48 h at 37°C.
The results were expressed as colony forming units
per milliliter [cfu-mL""] of fermented milk by manual
counting.

Plackett-Burman design. The Plackett-Burman de-
sign is a two-level statistical test method, which quick-
ly analyzes which of a range of factors have the most
significant effect on the test result. It can also accurate-
ly exclude factors which are irrelevant or have negli-
gible impact on the results. The Plackett-Burman de-
sign was used to determine significant factors on both
ACE inhibition rate and viable counts of LB6. The test
examined 10 factors; inoculum size, incubation tem-
perature, goat’s milk powder (Xi’an Baiyue Goat Milk
Corp., Xi’an, China), sterilization time, whey powder
(Xi’an Baiyue Goat Milk Corp., Xi’an, China), casein
hydrolyses (Yobios., Xi’an, China), calcium lactate
(Yobios., Xi’an, China) and three error terms, at two
levels (a higher level coded as +1, a lower level coded
as —1) and was designed to examine ACE inhibitory

www.food.actapol.net/

Table 1. The factor level coding table of Box-Behnken for
ACE inhibitory peptide-producing conditions of LB6

Lower Higher
Variables Factor level level
) 1)
X1 inoculum size, % 4.8 6
X3 incubation temperature, °C 30 37
X5 goat’s milk powder, % 11.2 14
X7 sterilization time, min 16 20
X8 whey powder, % 0.6 0.8
X9 casein hydrolyses, % 0.4 0.5
X10 calcium lactate, % 0.4 0.5

peptide-producing conditions (Table 1). The design
contained 11 factors; casein peptone (Aobox Biotech-
nology, Beijing, China), soybean peptone (Aobox Bi-
otechnology, Beijing, China), glucose (Yobios., Xi’an,
China), casein (Aobox Biotechnology, Beijing, Chi-
na), ascorbic acid (Yobios., Xi’an, China), Ca(H,PO,),
(Yobios., Xi’an, China), lactose (Yobios., Xi’an, Chi-
na), KH,PO, (Yobios., Xi’an, China) and three error
terms, spanning 12 runs at two levels to examine ACE
inhibitory peptide-producing media (Table 2).

Table 2. The coding table of Plackett-Burman for ACE in-
hibitory peptide-producing media of LB6

Lower Higher

Variables Faoj;or level level

) (D

X1 casein peptone 0.72 0.90
X3 soybean peptone 0.4 0.5

X4 glucose 0.72 0.90

X5 casein 0.16 0.20

X7 ascorbic acid 0.02 0.03

X8 Ca(H,PO)), 0.02 0.03

X10 lactose 0.56 0.70

X11 KH,PO, 0.24 0.30
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Statistical analysis. SAS (Version, 12.0, SAS Insti- 2
tute Inc., Cary, NC, USA) was used for statistical anal-

ysis of the experimental data to identify the significant
variables and corresponding coefficients. The coeffi-
cient, sum of squares (S5%), and confidence intervals
(CI) were evaluated to analyze the ACE inhibition rate

and viable counts from each of the trials.

RESULTS

Plackett-Burman investigation of ACE inhibitory
peptide-producing conditions b
The design and the results of the investigation of ACE
inhibitory peptide-producing conditions were shown
in Table 3. Y1 [%] represented the ACE inhibition rate
and Y2 [lg(cfumL™)] represented viable counts of
LB6. The effects of the ACE inhibitory peptide-pro-
ducing conditions varied during fermentation, so the
ACE inhibition rate and the number of viable cells of
LB6 changed under different conditions.
As shown in Figure 1, three variables, incubation
temperature (X3), whey powder (X8) and calcium
lactate (X10) accounted for a large proportion of the
percentage sum of squares on the Pareto chart. This in-  Fig. 1. The effects of factors on ACE inhibition rate (a) and
dicated that the three variables had significant positive ~ viable counts of LB6 (b) for conditions of LB6

Table 3. The design and results of Plackett-Burman testing for ACE inhibitory peptide-producing conditions of LB6

Ren X1 X2 X3 X4 X5 X6 X7 X8 X9  XI0 3,2 le(c fme_l)
1 1 -1 1 -1 -1 -1 1 1 1 -1 81.33 8.59
2 1 1 -1 1 -1 -1 -1 1 1 1 78.57 7.71
3 -1 1 1 -1 1 -1 -1 -1 1 1 83.24 8.74
4 1 -1 1 1 -1 1 -1 -1 -1 1 73.81 8.58
5 1 1 -1 1 1 -1 1 -1 -1 -1 64.02 8.01
6 1 1 1 -1 1 1 -1 1 -1 -1 83.43 8.79
7 -l 1 1 1 -1 1 1 -1 1 -1 79.17 8.67
8 -1 -1 1 1 1 -1 1 1 -1 1 85.55 8.90
9 -1 -1 -1 1 1 1 -1 1 1 -1 67.33 7.74

10 1 -1 -1 -1 1 1 1 -1 1 1 68.64 8.29

11 -1 1 -1 -1 -1 1 1 1 -1 1 72.78 7.87

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 66.44 7.85
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effects on the ACE inhibition rate (Fig. 2). The rela-
tive importance of the variables on viable counts was

95% Confidence Interwals

T1%)

414 14 1 14 14 14 14 14 141
Xl X2 X3 X4 X5 X6 X X3 X9 XI0

Y(lg chiml) 95% Confidence Interwals

R N R R
Xl XD O XK3 X4 XS FHao XY XE X9 OXIO
Fig. 2. The confidence interval of selected factors of ACE

inhibitory peptide-producing conditions, regarding ACE in-
hibition rate (a) and viable counts of LB6 (b)

found in Figure 1 as follows: X3 > X5 > X7 > X8 >
X10 > X9 > X1. Since the focus of this study was ACE
inhibition rate, the three most significant factors, incu-
bation temperature, whey powder and calcium lactate,
were selected for subsequent testing.

Plackett-Burman investigation of ACE inhibitory
peptide-producing media

The design and results of ACE inhibitory peptide-pro-
ducing media were shown in Table 4. The ACE inhibi-
tion rate was represented by Y1 [%] and viable counts
of LB6 was represented by Y2 [Ig(cfu'mL")]. All of
the factors had different effects on the cells, so ACE
inhibition rate and viable counts of LB6 changed when
the media were changed.

The relative importance of the variables on ACE
inhibition rate was found according to Figure 3, as fol-
lows: X3 > X4 > X5 > X1 > X8> X7 > X10> X11. The
main factors of ACE inhibitory peptides were soybean
peptone (X3), glucose (X4), casein (X5), in which the
effects of soybean peptone and casein on ACE inhibi-
tion rate were negative and effect of glucose was posi-
tive (Fig. 4). The effects of factors on viable counts
of LB6 for media were shown in Figure 3 as follows:
X1>X5>X11>X3>X10> X8 > X4 > X7. The main

Table 4. The design and results of Plackett-Burman for ACE inhibitory peptide-producing media of LB6

Run X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1l ?;i lg(cfl}l-QmL“)
1 1 -1 1 -1 -1 -1 1 1 1 -1 1 87.50 8.02
2 1 1 -1 1 -1 -1 -1 1 1 1 -1 98.08 8.05
3 -1 1 1 -1 1 -1 -1 -1 1 1 1 78.79 7.90
4 1 -1 1 1 -1 1 -1 -1 -1 1 1 83.93 8.10
5 1 1 -1 1 1 -1 1 -1 -1 -1 1 86.21 7.98
6 1 1 1 -1 1 1 -1 1 -1 -1 -1 67.80 8.09
7 -1 1 1 1 -1 1 1 -1 1 -1 -1 90.20 8.14
8 -1 -1 1 1 1 -1 1 1 -1 1 -1 75.00 7.88
9 -1 -1 -1 1 1 1 -1 1 1 -1 1 92.00 7.96

10 1 -1 -1 -1 1 1 1 -1 1 1 -1 90.38 8.05

11 -1 1 -1 -1 -1 1 1 1 -1 1 1 79.25 7.97

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 84.31 7.94
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Fig. 3. The effects of factors on ACE inhibition rate (a) and
viable counts of LB6 (b) for media of LB6

a
Y1(%) 95% Confidence Intervals
1007 ~ i -
703 + H i = I
-1 1-1 11 1-1 11 1-1 1-1 1-1 1
Xl D X3 ¥4 K5 e Y R OX9 X0 X1l
b
95% Confidence Intetrwals
8157 |5 1 P
7859 -

o1 1 1 1 1 1 1 1 14 11
Xl X2 X3 X4 X5 X6 X7 X X9 XI0 Xl

Fig. 4. The confidence interval of the selected factors of

ACE inhibitory peptide-producing media regarding ACE
inhibition rate (a) and viable counts of LB6 (b)
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factors affecting viable counts of LB6 in fermented
goat’s milk were casein peptone (X1), casein (X5) and
KH,PO, (X11), in which the effect of casein peptone
on viable counts of LB6 was positive and the effects of
casein and KH, PO, were negative (Fig. 4). According
to the results of the Plackett-Burman test and principal
factor analysis, soybean peptone, glucose and casein
were further approximated to the corresponding re-
sponse levels by the climbing test.

DISCUSSION

Temperature was reported to have a significant impact
on the growth of L. bulgaricus LB6 and the activ-
ity of proteolytic enzyme. L. bulgaricus LB6 showed
extremely poor growth with weak metabolic activity
when the temperature was low, which resulted in low
ACE inhibition rate and viable counts of LB6. With
an increase in temperature, L. bulgaricus grew quickly
and enzyme activity increased gradually. Therefore,
the activity of LB6 and the ACE inhibition rate were
enhanced. Increasing temperature could negatively
impact the activity of proteolytic enzyme after reach-
ing the optimum temperature. This caused a gradual
decrease in ACE inhibition rate.

The viable counts of LB6 and ACE inhibition
rate in fermented goat’s milk first increased and then
decreased as the concentration of whey powder in-
creased. Therefore, whey powder has been used to in-
crease the production of ACE inhibitory peptides. But
the ACE inhibition rate gradually lessened in cow’s
milk fermented by L. casei with increasing concen-
trations of whey powder (Jiang et al., 2011), which
may be due to the fact that the structure and content of
whey protein in bovine and goat’s milk are different.
The addition of calcium lactate could promote growth
of L. bulgaricus LB6, but inhibit the production of
ACE inhibitory peptides in high concentrations. This
probably could be due to the fact that ACE inhibitory
peptides were produced and absorbed by the L. bulga-
ricus cell as a nutrient at the same time, which resulted
in a decline in ACE inhibitory activity. The effects of
ionic calcium on L. casei and Bifidobacterium bifi-
dum were studied by Gonzalez-Gonzalez et al. (2011).
The results indicated that ACE inhibitory peptides had
a higher yield with the calcium added, which may be
related to the effect of the ionic calcium channel.
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The addition of soybean peptone could promote
the growth of L. bulgaricus LB6. Liu (2003) found
that the addition of soybean peptone can promote the
growth of Lactobacillus plantarum and Lactobacillus
fermentum significantly, which was consistent with the
results of this study. The reasons for this trend may be
that soy peptone added at low concentrations elevated
the total protein content in goat’s milk and can be hy-
drolyzed into ACE inhibitory peptides. Therefore, the
ACE inhibition rate was enhanced in a certain range.
When soybean peptone concentration was increased
further, the ACE inhibitory activity decreased, which
may be due to excessive incomplete enzymatic hy-
drolysis of protein.

Casein is the main source of active peptides in
fermented milk (Miguel et al., 2009). Added casein
increased the amount of substrate in goat’s milk. The
ACE inhibitory activity was significantly improved by
adding casein into goat’s milk fermented by Lactoba-
cillus plantarum 1.69 (Chen et al., 2013). ACE inhibi-
tory activity was promoted by the increasing concen-
tration of casein when goat’s milk was fermented by L.
bulgaricus LB6. Once the concentration reached the
optimal value, the feedback effect may lead to a de-
cline in ACE inhibitory peptide production.

As a monosaccharide, glucose can be absorbed di-
rectly by L. bulgaricus LB6 and then come into the
glycolytic pathway for metabolic utilization. Thus,
a positive impact of glucose concentration on the cell
metabolism emerged in low concentrations of glucose.
It is conducive to hydrolyzing the protein to produce
more ACE inhibitory peptides. However, glucose in
high concentrations can result in an increase in cell
osmotic pressure and will inhibit the growth of L. bul-
garicus LB6 in goat’s milk, which causes a reduction
in ACE inhibitory activity.

CONCLUSION

In this study, inoculum size, incubation temperature,
goat’s milk powder, sterilization time, whey powder,
casein hydrolyses and calcium lactate were investi-
gated to optimize ACE inhibitory peptide-producing
conditions for L. bulgaricus LB6. Meanwhile, casein
peptone, soybean peptone, glucose, casein, ascor-
bic acid, Ca(H,PO,), and lactose were examined to
optimize ACE inhibitory peptide-producing media.

www.food.actapol.net/

Investigation of ACE inhibitory peptide-producing
conditions and media for LB6 was performed using
a Plackett-Burman design and the results indicated
that incubation temperature, whey powder, calcium
lactate, soybean peptone, glucose and casein had sig-
nificant effects on both ACE inhibition rate and viable
counts of LB6. These results provide the basis and ref-
erence for further optimization.
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