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Guowel Shu*, Hui Yang, He Chen, Zhe Ji and Hongni Xing

College of Life Science & Engineering, Shaanxi drsity of Science & Technology, Xi'an, China

ABSTRACT

The aim of this study was to investigate the efféctour factors including goat milk powder, asciorlacid,
incubation temperature and inoculum size on ACHbitdry peptides in fermented goat milk by Lactdbas
bulgaricus LB6. The concentration of goat milk pewdas 10%, 12%, 14%, 16% and 18%, ascorbic a@d w
0.01%, 0.03%, 0 05%, 0.07% and 0.09%, incubationpterature was 27, 32C, 37C, 42T and 47C and
inoculum size was 3%, 4%, 5%, 6% and 7%, respédgtiTéne results were as follows: The concentratibrgoat
milk powder, ascorbic acid, incubation temperatared inoculum size had a significant effect on A@Hhition
and growth of Lactobacillus bulgaricus LB6 in femted goat milk (p<0.05). The optimal concentratiaris goat
milk powder and ascorbic acid were 14% and 0.03% the optimal temperature and inoculum size vBH&’
and 5% for ACE inhibition, corresponding ACE inhibns were 74.02%, 89.64%, 74.98% and 74.32%,
respectively, respectively.
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INTRODUCTION

Hypertension is a risk factor for coronary heasedise [1-2]. Angiotensin-I converting enzyme (AEE, 3.4.15.1)
plays an important physiological role in regulatlrigod pressure [3-4], it is a dipeptidyl carboxgease that raise
blood pressure by generates the vasoconstrictoiotengin-1l and inactivates the vasodilator bradirdi[5-6].
Inhibition of ACE may exert an antihypertensiveeetfas a consequence of the decrease in angiotéasinvell as
an increase of bradykinin[7]. Several synthetic AREibitors have been developed such as captogmdjapril
since the discovery of ACE inhibitors in snake wanavhich are currently used extensively in the tiremt of
hypertension [8-9]. Although synthetic ACE inhib#aare effective as antihypertensive drugs, the leartain side
effects such as pruritic rash, loss of taste, amdemuria [10]. In the respect, functional foodsntaining ACE
inhibitory peptides have recently received congili&r attention [11].

Lactic acid bacteria are among the most importaotgs of microorganisms used in food fermentatidr2s13].
Lactic acid bacteria are known to produce inhilsitof ACE in foods containing protein during fermeign. The
inhibitors are formed by the bacterial proteinaseem lactic acid bacteria hydrolyze milk proteingoirmany
peptides. Proteolysis plays an important role stheeinhibitors formed are peptides [14]. The pobtec enzymes
of lactic acid bacteria are quite non-specific, #metefore protein is cleaved at several placese¥y, researchers
have reported that ACE inhibitors can be releaseprbteolysis of milk during fermentation by diféat lactic acid
bacteria, such dsactobacillus helveticud,. casei, L. plantarum, L. rhamnosus, L. acidopiilu. lactis ssp. lactis,
L. lactis ssp. Cremoriand Enterococcus faeca[is5-31]. In our previous study, 28 probiotic Lacaeblus strains
were used to ferment goat milk to screen for prtdacACE-inhibitory peptides, the results showedtth strains
including Lactobacillus reuteri Lactobacillus bulgaricusLactobacillus rhamnosuand Lactobacillus helveticus
were especially significant as producers of ACE#hitbry peptides [17]. The effect of carbon soufgkicose and
lactose) and salts (calcium lactate, CaR@,), and KHPQOy,) on ACE inhibitory activity in fermented goat mibky
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Lactobacillus bulgaricus LB6 was investigate [38]the present study, our objective was to investighe effect of
four factors including goat milk powder, ascorb@ida incubation temperature and inoculum size oreAghibitory
peptides in fermented goat milk Hyactobacillus bulgaricusLB6 in order to provide reference for further
optimization.

EXPERIMENTAL SECTION

Materials and reagents

Whole goat milk powder was purchased from Shaamds®ar Dairy Co., Ltd. (Weinan, China). Hippurystidlyl-
leucine (Hip-His-Leu) and ACE (extracted from rabbng acetone powder) were bought from Sigma Cbahto.
(St Louis, MO, USA), All chemicals used were of lytiaal grade unless otherwise specified.

Microorganism and their activation

Pure cultures of actobacillus bulgaricus LB&as supplied by the College of Life Science & Ewegiring, Shaanxi
University of Science & Technology. Stock cultumesre stored at —20 in freeze-dried powdeiLactobacillus
bulgaricus LB6was activated successively three times in MRShbfidaibio, Qindao, China) at 37 for 24 h prior
to use.

Preparation of fer mented goat milk

The goat milk was carried out with different syssefor 12h: (1) reconstituted goat milk at differeoicentration
(10%, 12%, 14%, 16% and 18%); (2) reconstituted gutk with ascorbic acid at different concentrati(0.01%,
0.03%, 0.05%, 0.07% and 0.09%); (3) reconstituteat gnilk at different temperature (27 32C, 37C, 42C, 47

C) and (4) reconstituted goat milk at different inhon size.

M easurement of ACE inhibitory activity

The whey fraction from the fermented goat milk weed to measure the ACE inhibitory effect. Aliquofsthe
fermented goat milk were collected, vigorously retikr and centrifuged at 5000xg for 15 min to obtdie
corresponding whey fractions. The supernatantseciatl were filtered through a Xinhua filter and dige
determine their ACE inhibitory activity. ACE inhibry activity was measured by a spectrophotometgsay
according to the method of Cushman and Cheung j1®ith slight modifications [33-34]. Added 80 of each
sample to 200L sodium borate buffer (0.1mol/L, pH 8.3) contamiNaCl (0.30 mol/L) and HHL (5mmol/L). Then,
ACE (2QuL, 0.1U/mL) was added and the reaction mixture wasibated at 3Zfor 30 min. The reaction was
terminated by adding 250 1mol/L HCI. Adding 1.7 mL ethyl acetate to extrabe hippuric acid formed and
evaporated at 120 for 30 min, redissolved in 2mL deionized watereaftooled at room temperature, then the
absorbance was measured at an optical density &fn22 using an UV-spectrophotometer(Shanghai Spactru
Instruments Co., Ltd, Shanghai, China). The agtifteach sample was measured in triplicate ane éweraging.
The ACE inhibitory rate was calculated using thiéofeing formula: ACE inhibition (%) = (A - B) / (A2)x 100%,
where A is the optical density without the wheycfran, B is the optical density without ACE and <the optical
density in the presence of both ACE and the whagtifon.

M easurement of viable cell counts, pH and titration acidity

Serial dilutions of the fermented goat milk mades@iine water (0.9%, w/v, NaCl) containing 0.1g&pfone were
spread onto MRS agar plates and incubated fora&iC. All dilutions were plated in triplicate. Enumdmat was

performed by manual counting, whenever possiblentkan numbers from two different dilutions weredjsend

results were expressed as colony forming unitayplititer (CFU/ml) of fermented milk. The pH in fenented goat
milk was directly evaluated through a pH-meter (p3{§ at the room temperature and titration acidits

determined according to the sodium hydroxide tdramethod and Jill Nieer degrees (°T) describeshectively.

RESULTSAND DISCUSSION

Effect of whole goat milk powder on ACE inhibitory activity in fer mentated goat milk
The whole goat milk powder was mixed with distilledter and the concentrations of reconstituted guokkt were

10%, 12%, 14%, 16% and 18%, respectively. Aftertgaaization and cooling to 37, The inoculum size of
Lactobacillus bulgaricus LBévas 5% and cultured at 3C for 12h. The samples were taken out for deterrginin
ACE inhibition, viable count, pH value and titratiacidity. The results were shown in Figure 1 and 2

As shown in Figure 1, the viable cell countsd.attobacillus bulgaricus LBé fermented goat milk increased, but

the ACE inhibitionin fermented goat milk first increased and thenrel@sed with the concentrations of goat milk
powder increasing. The viable cell countsLattobacillus bulgaricus LBén fermented goat milk increased from
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1.95x16CFU/mI at 10% goat milk powder to 3.89¥0FU/ml at 18% goat milk powder, but the ACE inhitnit
increased from 70.00% at 10% goat milk powder t®@2% at 14% goat milk powder, then decreased t9533.at
18% goat milk powder, which indicated goat milk giaxin the concentration of 10-14% can promoteitheease
of ACE inhibition, but goat milk powder in conceatibns of 14-18% will inhibit production of ACE iiffitory
peptide, the reason for that may be due to incrpesiein with the concentration goat milk powdesnfr 10% to
14% and increase available substrate for enzynhgticolysis and promote production of ACE inhibitqrgptide.
With concentration of goat milk powder continueditorease and lead to excessive protein inhibitpecton of
proteolytic enzymes, thereby caused a reductiohGi inhibitory peptide and lead to a decline in the of ACE
inhibition. Zhang showed that the concentratiomafine milk powder will affect the proteolytic agty and ACE
inhibition of Lactobacillus.casei D40@ndthe ACE inhibitionin fermented bovine milk first increased and then
decreased with the concentrations of bovine milkger increasing [35], the optimal concentrationdafine milk
powder was 12% and the optimal concentrations af golk powder for ACE inhibition in our study wad%.

As shown in Figure 2, the pH first increased arehtbecreased and titration acidity increased wighicrease of
the concentration of goat milk powder. The titratiacidity gradually increased from 147 °T at 10 &a&tgmilk

powder to 218°T at 18% goat milk powder, then dased to 97.20°T, but the pH increased from 147t°T0a%

goat milk powder to 218°T at 18% goat milk powdsereased from 4.00 at 10 % goat milk powder to 41084%

goat milk powder, then decreased to 4.06.
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Fig.1 Effect of concentration of goat milk powder on ACE inhibition and viable counts of Lactobacillus bulgaricus LB6 in fermented goat
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Fig.2 Effect of concentration of goat milk powder on acidity and pH in fermented goat milk
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Effect of ascorbic acid on ACE inhibitory activity in fermentated goat milk
The ascorbic acid was added to pasteurize recotestijoat milk and the concentrations were 0.0198%, 0.05%,
0.07% and 0.09%. The results were shown in Figuaed34.

As shown in Figure 3, the ACE inhibition and viabteunts ofLactobacillus bulgaricus LBt fermented goat milk
first increased and then decreased with the coratént of ascorbic acid increasing. the ACE inhdritincreased
from 80.53% at 0.01% ascorbic acid to 89.64% a8%.@scorbic acid, then decreased to 59.71% at 0&32%rbic
acid, the viable counts dfactobacillus bulgaricus LBéhcreased from 1.0x2@FU/ml at 0.01% ascorbic acid to
1.48x10 CFU/mlI at 0.05% ascorbic acid, then decreased3exILG CFU/ml at 0.09% ascorbic acidactobacillus
bulgaricus is a facultative anaerobic and can grow under tierand anaerobic conditions, but has different
metabolic pathway. Ascorbic acid can be used aexggen scavenger in the process of anaerobic euliline
results showed that ascorbic acid in the low cotte#on may promote growth dfactobacillus bulgaricu$B6 and
production of ACE inhibitory peptides, but ascorkacid in high concentrations will inhibit the grdwiof
Lactobacillus bulgaricus LB& goat milk and production of ACE inhibitory péfgs, which may be related to the
the different metabolic pathways b&ctobacillus bulgaricus LB&inder different oxygen conditions. The optimal
concentrations of ascorbic acid for ACE inhibitiand the viable cell counts @actobacillus bulgaricus LBévere
0.03% and 0.05%, respectively.

The pH decreased and titration acidity increaset thie increase of the concentration of ascorhbid ftom Figure
4, but the pH and titration acidity variation haal significant differencg(>0.05) , which showed that ascorbic acid
had no significant influence on production of laetcid byLactobacillus bulgaricus LB6
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Fig.3 Effect of ascorbic acid on ACE inhibitory rate and viable cell count in fermented goat milk
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Fig.4 Effect of ascorbic acid on acidity and pH in fermented goat milk
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Effect of temperature on ACE inhibitory activity in fermentated goat milk

The Lactobacillus bulgaricus LB6 wanoculated into the 14% pasteurized reconstitgieat milkat 5%inoculum
size and cultured at different temperaturé(2732C, 37C, 42C, 47C) for 12h, respectively. The results were
shown in Figure 5 and 6.
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Fig.5 Effect of temperature on ACE inhibitory rate and viable cell count in fermented goat milk
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Fig.6 Effect of temperature on acidity and pH in fermented goat milk

As shown in Figure 5, the ACE inhibition and viabteunts ofLactobacillus bulgaricus LBt fermented goat milk
first increased and then decreased with the incubdaémperature increasing. the ACE inhibitimereased from
43.41% at 2TC to 74.98% at 3T, then decreased to 45.32% ai(% the viable counts dfactobacillus bulgaricus
LB6 increased from 1.15x#CFU/mI at 27C to 2.04x18CFU/ml at 42C, then decreased to 1.70RTFU/mI at
47°C. The temperature had a significant effect on thewth of Lactobacillus bulgaricus LB@&nd activity of
proteolytic enzyme. When the temperature was Itbm, metabolic activity ofLactobacillus bulgaricus LB6évas
weak, grew slowly and enzyme activity was not sgrowhich led to low ACE inhibition and viable coanof
Lactobacillus bulgaricus LB6with temperature increasingiactobacillus bulgaricus LB@uickly grew and the
enzyme activity increased gradually, which led noréase ACE inhibition and viable counts lafctobacillus
bulgaricus LB6 the viable counts dfactobacillus bulgaricus LB6reached the maximum number at the optimum
temperature, the ACE inhibition reached highestwhetease enzyme activity was at optimum temperatuhen
temperature continued to rise beyond the optimabea the enzymes ihactobacillus bulgaricus LB6 were
inhibited or destroyed, either cell growth or peste hydrolysis were subject to a certain degréehdition. So the
optimal temperature for ACE inhibition and the \&lsell counts otactobacillus bulgaricus LBévere 37C and
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42°C, respectively. Jiang compared that ACE inhibitamtivity in co-fermented bovine milk biactobacillus
helveticusandLactobacillus caseiinder 37C and 42C and found that 3T was more beneficial to the production
of ACE inhibitory peptides [36], which was consigtavith the results of this paper.

The pH decreased, titration acidity first increaaed decreased with the increase of temperatune figure 6, the
incubation temperature on pH and titration acidityfermented goat milk byactobacillus bulgaricus LB&ad
significant differencg{<<0.05). the pH decreased from 5.15 ai®?% 3.50 at 4T, The titration acidity gradually
increased from 75.00 °T at 27to 200.20°T at 0.42then decreased to 187.00°T, which showed that attwip
temperature could promote production of lacticddmyLactobacillus bulgaricus LB6

Effect of inoculum size on ACE inhibitory activity in fermentated goat milk
The Lactobacillus bulgaricus LB6 waimoculated into the 14% pasteurized reconstitigedt milk at different
inoculum size (3%, 4%, 5%, 6% and 7%), respectivEhe results were shown in Figure 7 and 8.
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Fig.7 Effect of inoculum size on ACE inhibitory rate and viable count
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Fig.8 Effect of inoculum size on acidity and pH in fermented goat milk

As shown in Figure 7, the viable cell countsd_attobacillus bulgaricus LBé fermented goat milk increased, but
the ACE inhibitionin fermented goat milk first increased and therrel@sed with the inoculum size increasing. The
viable cell counts ofactobacillus bulgaricus LBéh fermented goat milk increased from 1.413aABU/ml at 3%
inoculum size to 2.00x£@FU/mI at 7% inoculum size, but the ACE inhibitiimcreased from 70.39% at 3%
inoculum size to 74.32% at 5% inoculum size, theardased to 64.00% at 7% inoculum size. This magueeto
the gradual increase of viable cellsLaictobacillus bulgaricus LB&he nutrients in reconstituted goat milk were not
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meet the growth need dfactobacillus bulgaricus LB6which lead to goat milk protein and peptides were
hydrolyzed by proteolytic enzyme lractobacillus bulgaricus LB&o smaller peptide fragments or even a single
amino acid to meet their growth, and some amina aesidues with ACE inhibitory peptides may also be
decomposed and led to reduction of ACE inhibitiofiermented goat milk.

the pH first increased and titration acidity in@ed in fermented goat milk with the increase ofitteculum size
from Figure 8, the titration acidity and pH valusw/ed the opposite trend, titration acidity andculam size was
positive correlation, while the pH value was negglti correlated with the inoculum size, inoculureeshad no
significant influence on titration acidity and pldlue in fermented goat millp$0.05).

CONCLUSION

The concentration of goat milk powder, ascorbicagicubation temperature and inoculum size hamgjmifEant
effect on ACE inhibition and growth dfactobacillus bulgaricus LB& fermented goat milk (p<0.05). The optimal
concentrations of goat milk powder and ascorliid avere 14% and 0.03% and the optimal temperadumc
inoculum size were 3C and 5% for ACE inhibition, corresponding ACE initikns were 74.02%, 89.64%,
74.98% and 74.32%, respectively.
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