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8 Abstract Malt sprout (MS), a by-product of the malt

9 industry obtained by removing rootlets and sprouts from

10 the seed of germinated barley (Hordeum vulgare L.), was

11 used as culture, dehydration and storage medium of three

12 strains of lactobacilli: Lactobacillus salivarius CM-CIDCA

13 1231B and CM-CIDCA 1232Y and Lactobacillus plan-

14 tarum CIDCA 83114. The three strains were grown in MS

15 and MS supplemented with 20% w/v fructo-oligosaccha-

16 rides (MS FOS). Bacterial growth was determined by

17 registering the decrease of pH and by plate counting.

18 Results comparable with those of microorganisms grown in

19 MRS (controls) were observed in terms of lag times, DpH

20 and acidification rates. Furthermore, during fermentation, a

21 significant increase of DP6 (FOS with degree of poly-

22 merization 6) was observed at expenses of inulin and DP7,

23 probably indicating their hydrolysis. A concomitant

24 decrease of DP3, sucrose and monosaccharides was also

25 observed, as result of their bacterial consumption during

26 growth. The presence of FOS in the fermented media

27 protected microorganisms during freeze-drying and stor-

28 age, as no decrease of culturability was observed after

29 60 days at 4 �C ([ 108 CFU/mL). Using MS appears as an

30 innovative strategy for the production at large scale, sup-

31 porting their use for the elaboration of functional foods

32 containing prebiotics and probiotics.33

34 Keywords Malt sprout � Culture medium � Fructo-

35 oligosaccharides � Lactobacilli � Dehydration

36Introduction

37Malt sprout is a by-product of the malt industry, obtained

38after removing rootlets and sprouts from the seed of ger-

39minated barley (Hordeum vulgare L.). Because of its

40bulkiness, malt sprout is usually pelleted to increase den-

41sity for shipment, the pellets having ca. 95% dry matter.

42The organic matter accounts ca. 89%, including high

43contents of proteins (21–25%) and carbohydrates (46%),

44majorly composed of fructo-oligosaccharides (FOS)

45(Aborus et al. 2017). Due to this nutritional richness, malt

46sprout has attracted strong interest as feedstuff (Nurfeta

47and Abdu 2014). In fact, it has been used as an economical

48protein and energy source in mixed dairy or beef cattle and

49horse feeds, and also incorporated in swine and poultry

50rations (Šidagis et al. 2014). In addition, extracts from malt

51sprouts have been studied as glutathione sources for bread

52making as well as amino nitrogen sources for beer yeast

53fermentation, and its proteolytic activity has also been

54reported (Waters et al. 2013; Brestenský et al. 2013; Kondo

55et al. 2016). Moreover, malt sprout has also been reported

56as bacterial nutrient in culture media for the production of

57antibiotics, pectinases, amylase, L-lysine, citric acid, buta-

58nol, acetone and lactic acid, as well as for yeasts and mold

59cultivation (Hujanen et al. 2001).

60Lactic acid bacteria have an important role in food and

61biotechnology industries, as they are widely used as starters

62for the manufacturing of food and probiotic products.

63Although MRS is a well-established culture medium at a

64laboratory scale, its high cost is not compatible with large-

65scale commercial applications. Therefore, the production

66of lactic acid starters at an industrial level requires cost

67effective culture media allowing an adequate production of

68bacterial biomass. For this reason, industries are continu-

69ously seeking for cost effective media, nutritionally
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70 valuable by-products being of special interest. In this

71 regard, whey, whey permeate, okara and several other

72 agro-wastes have been proposed as alternative culture

73 media for lactic acid bacteria production (Golowczyc et al.

74 2013; Londero et al. 2012, 2014, 2015; Quintana et al.

75 2017). Malt sprout also fulfills these desired requirements,

76 and thus, it has been used in the past to grow Bacillus and

77 Rhizobium species (Bioardi and Ertola 1985) or more

78 recently added as nitrogen source in other culture media

79 (Liu et al. 2010; Yegin et al. 2017). Regarding lactic acid

80 bacteria, malt sprout itself has been proposed as an efficient

81 culture medium for large-scale production of lactobacilli,

82 with results similar to those obtained in MRS medium

83 (Laitila et al. 2004).

84 The nutritional value of malt sprout could also go

85 beyond its efficiency as culture medium. In this sense, it is

86 worth to mention that the presence of FOS of different

87 degrees of polymerization (DP) in malt sprout, could be

88 considered as an added value to develop novel applications.

89 In fact, prebiotics present in other fermented by-products

90 (i.e., okara or whey permeate), have been reported as

91 protective compounds when such media are subsequently

92 used for bacterial dehydration (Golowczyc et al. 2013;

93 Quintana et al. 2017). The carbohydrate nature of FOS has

94 been reported as responsible for their protective effect

95 during dehydration and other technological processes, as

96 well as during storage (Quintana et al. 2017; Romano et al.

97 2015, 2016; Santos et al. 2014). Therefore, the FOS present

98 in malt sprout could provide additional technological

99 benefits when incorporated in the formulation of functional

100 foods or feeds.

101 For all these reasons, the aim of this work was to use

102 malt sprout as culture, dehydration and storage medium for

103 three strains of lactobacilli (Lactobacillus salivarius CM-

104 CIDCA 1231B L. salivarius CM-CIDCA 1232Y and Lac-

105 tobacillus plantarum CIDCA 83114), performing a com-

106 prehensive study of the role of malt sprout oligosaccharides

107 during bacterial stabilization.

108 Materials and methods

109 Preparation of malt sprout medium (MS)

110 and determination of its composition

111 Malt sprouts were obtained from a local brewery industry

112 (Malteria PAMPA S.A.). After reception, they were soaked

113 in distilled water (1 L water for 70 g of dry material),

114 placed in a microwave oven for 3 min and then, sieved to

115 eliminate nitrogen-rich roots and grains. Then, they were

116 sterilized in an autoclave at 110 �C for 30 min, cooled to

117 room temperature, and filtered through a 0.22 mm filter to

118remove the non-dissolved material. The filtered medium

119was supplemented with 20% w/v FOS.

120The composition of the freshly filtered medium (MS)

121was determined as recommended by the Association of

122Official Analytical Chemists (AOAC 1995). Lipids were

123assessed by extraction with diethyl ether/petroleum ether

124solvent (1:1 ratio) in a Soxhlet system (AOAC 1995). Ash

125content was determined by carbonization of the dried

126samples followed by incineration in a muffle furnace at

127550 �C. Total nitrogen was determined using the micro-

128Kjeldahl method (conversion factor to transform nitrogen

129into protein: 6.25). The composition was expressed in

130g/100 g dry basis (d.b.), and total carbohydrates, estimated

131by difference (100 - total grams of humidity, protein,

132lipids, and ash).

133Growth conditions

134The filtered medium obtained in the previous section was

135then used to grow L. salivarius CM-CIDCA 1231B, L.

136salivarius CM-CIDCA 1232Y and L. plantarum CIDCA

13783114 isolated from kefir grains (Garrote et al. 2001). The

138strains were maintained frozen at - 80 �C in 120 g/L non-

139fat milk solids (Difco, MI, USA), and activated for 24 h in

140de Man, Rogosa, Sharpe (MRS) broth at 37 �C in aerobic

141conditions. The resulting culture was inoculated (inoculum

1421%) in fresh MRS and incubated in the same conditions.

143Cultures in the stationary phase were used to inoculate

144100 mL of MS and MS supplement with 20% w/v FOS

145(MS FOS) (inoculum 2%). They were then incubated at

14637 �C. Microorganisms grown in MRS broth were used as

147controls.

148The three growth kinetics were followed by determining

149the decrease of pH and also by plate counting in MRS agar

150every 2 h. Results were expressed as log colony forming

151units per mL (log CFU/mL).

152Carbohydrate composition of MS and MS FOS

153before and after fermentation

154The sugar composition of MS and MS FOS before and after

155fermentation was analyzed by high performance liquid

156chromatography (HPLC) in a Perkin-Elmer Series 200

157equipment (Milford, MA, USA) with refractive index

158detector and autosampler. A Waters Sugar Pak I chro-

159matographic column for carbohydrate analysis was used to

160resolve glucose, sucrose, DP3-DP7 (10 lm,

1616.5 mm 9 300 mm) (Milford, MA, USA). The pump flow

162rate was 0.5 mL/min; column temperature: 80 �C; injection

163volume: 20 lL. Column and detector temperatures were

164maintained at 50 and 40 �C, respectively. To resolve inulin

165from high DP FOS (i.e., DP7), a Waters Ultrahydrogel

166Column Linear (10 lm, 7.8 mm 9 300 mm) with

AQ2
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167 Ultrahydrogel Guard Column (6 lm, 6 mm 9 40 mm)

168 (Milford, MA, USA) was used. The pump flow rate was

169 0.6 mL/min, the column temperature: 20 �C and the

170 injection volume: 20 lL.

171 Samples were prepared by filtering both fermented and

172 non-fermented MS and MS FOS through 0.22 lm Milli-

173 pore Durapore membranes (Billerica, MA, USA) and

174 eluted with milli-Q water (mobile phase) at a flow-rate of

175 0.4 mL/min. Chromatograms were integrated using Total

176 Chrom software (version 6.3.1, Perkin Elmer, USA).

177 The composition of samples was determined by

178 assuming that the area of each peak was proportional to the

179 weight percentage of the respective sugar on the total sugar

180 mass. The accuracy of such assumption was checked by

181 making a material balance. External standards of fructose,

182 glucose, sucrose, 1-kestose (DP3), nystose (DP4) and 1F-

183 fructofuranosylnystose (DP5), oligofructose and inulin

184 (Sigma, MO, USA) were used to determine their retention

185 times and check the linear range of the measurements.

186 Freeze-drying

187 Aliquots of 1 mL of MS and MS FOS containing

188 microorganisms in the stationary phase were transferred

189 into 5 mL glass vials under aseptic conditions, frozen at

190 - 80 �C for 48 h and freeze-dried - 50 �C for 48 h using

191 a Heto FD4 freeze drier (Heto Lab Equipment, Denmark).

192 Results were expressed as log (N/N0), where N and N0

193 were the CFU/mL after and before freeze-drying,

194 respectively.

195 Storage

196 The obtained samples were stored for 60 days at 4�C.

197 Culturability was determined immediately after freeze-

198 drying, and then, at regular intervals. For each determina-

199 tion, samples were re-hydrated in 1 mL 0.85% w/v NaCl.

200 Bacterial suspensions were serially diluted, plated on MS

201 agar [MS to whom 1.5% w/v agar (Difco, MI, USA) were

202 added], and incubated at 37�C for 48 h in aerobic

203 conditions.

204 Statistical analysis

205 All experiments were performed on duplicate samples

206 using three independent cultures of bacteria. The relative

207 differences were reproducible irrespective of the cultures

208 used. Analysis of variance (ANOVA) was carried out using

209 the statistical program Infostat v2009 software (Córdoba,

210 Argentina). Differences were tested with paired sample

211 Tukey comparison tests, and if p B 0.05 the difference was

212 considered statistically significant.

213Results

214The filtered MS used as culture medium had a humidity of

2157.49 ± 1.39 and was composed of 30.92 ± 0.69 g/100 d.b.

216of proteins, 2.03 ± 0.96 g/100 d.b. of lipids, 9.09 ± 0.32

217of ashes and 50.47 g/100 d.b. of carbohydrates. Figure 1a–

218c show the kinetics of growth corresponding to L. sali-

219varius CM-CIDCA 1231B, L. salivarius CM-CIDCA

2201232Y, and L. plantarum CIDCA 83114, respectively,

221grown in MS, MS FOS and MRS (control medium), as

222determined by the decrease of pH. Results were adjusted

223according to Eq. 1 (Romano et al. 2016):

pH tð Þ ¼
pH0 � pHf

1þ t
c

p þ pHf ð1Þ

225225where t is the time in hours, pH0 is the pH of the culture

226medium at time equal to 0, pHf is the pH once attained the

227stationary phase, c is the time at the inflection point and p is

228an exponential fitting factor. The lag time was calculated as

229the intersection between the tangent line at pH0 and t = c.

230The acidification rate during the exponential phase was

231calculated as the module of the slope of the tangent line.

232The values of the lag time, acidification rate, final pH and

233DpH for all the growth kinetics are shown in Table 1. Both

234MS and MS FOS were intrinsically more acid than the

235control MRS medium. That is why the curves corre-

236sponding to the pH kinetics were shifted along the y-axis

237(pH). In spite of that, no strong differences in the DpH were

238observed when compared with the corresponding values for

239microorganisms grown in MS and MS FOS.

240The lag times for L. salivarius CM-CIDCA 1231B and

241L. salivarius CM-CIDCA 1232Y grown in MS were sig-

242nificantly shorter than those of the same strains grown in

243MS FOS, which in turn were shorter than those of the

244controls grown in MRS (p B 0.05) (Table 1). In addition, it

245is remarkable that the acidification rate in MS was about

246twice that observed in MS FOS and MRS (Table 1). The

247behavior of L. plantarum CIDCA 83114 was different in

248regard to some parameters. For example, MS FOS was the

249medium in which microorganisms grew the best in terms of

250lag times and acidification rates, followed by MRS and MS

251(Table 1).

252The performance of microorganisms grown in MS and

253MS FOS was also analyzed by plate counting (Fig. 1d–f).

254MS FOS was the best medium for all the three strains,

255followed by MS FOS and MRS. L. plantarum CIDCA

25683114 showed similar growth kinetics in the latter two

257media (Fig. 1f).

258The sugar composition of both MS and MS FOS before

259and after fermentation is shown in Table 2. Fermentation

260of MS led to significant differences in the carbohydrate

261composition, for all the three strains investigated. When

262compared with MS, fermented MS showed a significant
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263 decrease of inulin, DP7, DP3, sucrose and glucose

264 (p B 0.05), concomitantly with a significant increase of

265 DP6 (p B 0.05). DP4 and DP5 significantly decreased as

266well (p B 0.05), but in a lesser extent than DP3 (Table 2).

267It is also noteworthy that the absolute concentration of

268carbohydrates for the fermented MS was lower than that of
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Fig. 1 Growth kinetics of microorganisms in MS (squares), MS FOS (circles) and MRS (triangles) (control), determined by monitoring pH and

plate counting: a, d L. salivarius CM-CIDCA 1231B; b, e L. salivarius CM-CIDCA 1232Y; c, f L. plantarum CIDCA 83114

Table 1 Kinetic parameters of

microorganisms grown in MS,

MS FOS and MRS

MS MS FOS MRS

Lactobacillus salivarius CM-CIDCA 1231B

DpH 2.29 2.13 2.63

Lag time (h) 2.29* 3.66** 3.81***

Medium acidification rate (pH units/h) 0.777* 0.444** 0.321***

pH (final) 3.67 3.18 3.94

R2 0.998 0.995 0.990

Lactobacillus salivarius CM-CIDCA 1232Y

DpH 2.50 2.23 2.78

Lag time (h) 1.04* 1.92** 2.34***

Medium acidification rate (pH units-1h) 0.520* 0.215*** 0.251**

pH (final) 3.47 3.22 3.78

R2 0.989 0.992 0.995

Lactobacillus plantarum CIDCA 83114

DpH 2.32 2.10 2.63

Lag time (h) 3.37*** 2.38* 2.63**

Medium acidification rate (pH units/h) 0.172* 0.278*** 0.249**

pH (final) 3.64 3.23 3.93

R2 0.989 0.994 0.995

Asterisks indicate significant differences
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269 the non-fermented medium. For MS FOS, the concentra-

270 tion of total carbohydrates was much higher than that of

271 MS, as result of the supplementation with FOS (Table 2).

272 The main carbohydrates present in MS FOS were DP6,

273 DP5, DP4 and DP3, all of them accounting more than 10%

274 of the total carbohydrates and having a similar concentra-

275 tion than in commercial FOS. After fermentation, a pretty

276 similar behavior than that observed in fermented MS was

277 remarked (Table 2).

278 In a further step, the efficiency of fermented MS and MS

279 FOS as dehydration media during freeze-drying was

280 investigated. To this aim, bacteria in the stationary phase

281 previously grown in those media were freeze-dried. The

282 microbial logarithm decay after the process is shown in

283Fig. 2. Dehydrating microorganisms in 0.85% w/v NaCl or

284in not neutralized MS were the worst situations for all the

285three strains (Fig. 2, numbers 1 and 2). The suspension of

286microorganisms in fresh medium (with almost neutral pH)

287slightly improved the recovery of all the three strains

288(number 3). Neutralization of the growing media before

289freeze-drying noticeably enhanced the bacterial recovery

290(numbers 4 and 5). Although some minor strain dependent

291differences were observed for bacteria grown in MS or in

292MS FOS, both neutralized growing media significantly

293improved the recovery of all the three strains after freeze-

294drying (p B 005). The effect of FOS during freeze-drying

295is shown in numbers 6, 7 and 8 of Fig. 2. The only addition

296of FOS in the growth medium did not contribute to

Table 2 Composition of MS and MS FOS before and after fermentation

Carbohydrate MS (mg/mL) MS ? L. salivarius CM-CIDCA

1231B (mg/mL)

MS ? L. salivarius CM-CIDCA

1232Y (mg/mL)

MS ? L. plantarum CIDCA

83114 (mg/mL)

Inulin 1.29 ± 0.02 (6.21)* n.d.** n.d.** n.d.**

DP7 11.72 ± 0.32 (56.48)* 4.03 ± 0.13 (40.74)** 4.44 ± 0.35 (40.81)** 5.35 ± 0.71 (41.2)**

DP6 0.63 ± 0.14 (3.01)* 5.39 ± 0.02 (54.56)** 6.20 ± 0.31 (57.05)*** 6.53 ± 0.35 (50.3)***

DP5 0.33 ± 0.03 (1.59)* 0.10 ± 0.03 (1.04)** 0.19 ± 0.02 (1.74)** 0.77 ± 0.04 (5.9)***

DP4 0.36 ± 0.14 (1.73)* 0.25 ± 0.02 (2.55)** 0.04 ± 0.01 (0.40)*** 0.07 ± 0.01 (0.5)***

DP3 4.58 ± 0.09 (22.08)* 0.06 ± 0.00 (0.59)** n.d.*** 0.21 ± 0.01 (1.6)****

Sucrose 0.72 ± 0.20 (3.46)* 0.05 ± 0.04 (0.52)** n.d.*** 0.06 ± 0.01 (0.5)**

Glucose/

fructose

1.13 ± 0.34 (5.44)* n.d.** n.d.** n.d.**

TOTAL 20.76 ± 0.10 (100)* 9.88 ± 0.32 (100)** 10.87 ± 0.01 (100)*** 12.99 ± 1.05 (100)****

Carbohydrate Composition

commercial FOS (mg/

mL)a

MS FOS (mg/mL) MS FOS ? CM-

CIDCA 1231B (mg/

mL)

MS FOS ? CM-

CIDCA 1232Y (mg/

mL)

MS FOS ? CIDCA

83114 (mg/mL)

Inulin n.d.* 1.29 ± 0.03 (0.60)** n.d.* n.d.* n.d.*

DP7 8.40 ± 1.00 (4.20)* 8.15 ± 0.37 (3.83)** 7.83 ± 0.18 (4.03)*** 8.65 ± 1.87 (4.03)* 7.18 ± 0.01

(4.02)****

DP6 40.80 ± 0.80 (20.38)* 44.86 ± 0.86 (21.06)** 47.64 ± 0.18

(22.74)***

50.57 ± 1.98

(23.52)***

42.76 ± 0.88

(23.96)**

DP5 25.40 ± 0.20 (12.69)* 33.04 ± 0.37 (15.51)** 32.94 ± 0.74 (15.37)** 31.74 ± 0.14 (14.77)** 25.87 ± 0.01

(14.50)*

DP4 50.20 ± 0.20 (25.07)* 51.07 ± 1.37 (23.98)* 49.39 ± 0.56 (23.05)* 48.82 ± 0.71 (22.71)* 39.80 ± 0.05

(22.30)**

DP3 58.00 ± 1.20 (28.97)* 51.31 ± 1.65 (24.10)** 48.74 ± 0.55 (22.74)** 49.06 ± 1.41 (22.82)** 40.39 ± 0.01

(22.64)***

Sucrose 8.00 ± 2.00 (4.00)* 10.33 ± 0.08 (4.85)** 11.13 ± 0.76 (5.19)*** 10.56 ± 0.07 (4.91)** 8.99 ± 0.00 (5.04)*

Glucose/

fructose

9.40 ± 1.60 (4.70)* 12.94 ± 3.56 (6.08)** 16.63 ± 2.02 (7.76)*** 15.58 ± 0.96 (7.25)*** 13.44 ± 0.56

(7.53)****

TOTAL 200.20* (100) 213.00 ± 0.98 (100)** 214.30 ± 0.77

(100)***

214.99 ± 1.07

(100)***

178.44 ± 0.27

(100)****

Numbers in parentheses denote the percentage composition

n.d. not detected
aDetermined on 20% w/v solutions

Asterisks in rows indicate significant differences
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297 stabilize bacteria during the process (number 6). On the

298 contrary, the addition of FOS just during freeze-drying

299 bacteria grown in MS or in MRS (numbers 7 and 8,

300 respectively) were the best conditions to stabilize

301microorganisms during freeze-drying (Fig. 2). In summary,

302it can be concluded that neutralizing the culture medium

303(MS or MS FOS) and the presence of FOS in the dehy-

304dration medium are key factors to improve the bacterial

305recovery during freeze-drying. On this basis, these three

306conditions (numbers 4, 5 and 7 in Fig. 2) were selected to

307investigate bacterial stability during storage at 4 �C

308(Fig. 3). No significant logarithmic decays were observed

309in none of the conditions assayed up to 60 days of storage

310(Fig. 3).
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of microorganisms before and after freeze-drying, respectively. a L.

salivarius CM-CIDCA 1231B; b L. salivarius CM-CIDCA 1232Y; c:

L. plantarum CIDCA 83114. Different letters (a, b) denote statisti-

cally significant differences (p B 0.05). Numbers in the x-axes

denote: 1–4: bacteria grown in MS and freeze-dried in: 1: the same

culture medium; 2: 0.145 mol/L NaCl; 3: fresh MS medium; 4: the

same medium after neutralization; 5: bacteria grown in MS FOS and

freeze-dried after neutralization; 6: bacteria grown in MRS FOS and

freeze-dried in 0.85% w/v NaCl; 7: bacteria grown in MS and freeze-

dried after neutralization and addition of 20% w/v FOS; 8: bacteria

grown in MRS and freeze-dried in 20% w/v FOS
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311 Discussion

312 Using by-products for the production of lactic acid bacteria

313 is a current trend at an industrial level. The industrial

314 production of lactic acid bacteria requires the use of cost-

315 effective media and milk derivatives are mostly used to this

316 aim. The worldwide increasing environmental concerns

317 have stimulated the investigation of different applications

318 for agro-industrial by-products, also contributing to add

319 them value. This led to the development of products of

320 high added value, with great possibilities of being incor-

321 porated in the formulation of novel foods and feeds. In this

322 context, the composition of MS, rich in proteins and car-

323 bohydrates (sources of nitrogen and energy, respectively),

324 supports its use as culture medium for lactic acid bacteria.

325 In the past, MS has showed to be an efficient medium for

326 the production of rhizobia biomass (Bioardi and Ertola

327 1985), and a source of nitrogen when used to supplement

328 commercial culture media (Liu et al. 2010). However, it

329 has been very scarcely used to produce lactobacilli biomass

330 (Laitila et al. 2004). Therefore, using such a nutritionally

331 rich by-product as culture medium appears as an interesting

332 strategy to both add value to a by-product and employ a

333 cost-effective medium for the production of lactic acid

334 bacteria starters at a large scale.

335 In this work, MS was used to grow three strains of

336 lactobacilli, L. salivarius CM-CIDCA 1231B, L. salivarius

337 CM-CIDCA 1232Y and L. plantarum CIDCA 83114. It is

338 noticeable that the first two strains grown in MS were those

339 with the shortest lag time and the highest acidification rate

340 (Table 1 and Fig. 1). This can be explained considering the

341 nutritional richness and availability of nutrients in MS,

342 which enabled a quick adaptation to the medium, even

343 faster than in the widely recognized MRS medium (con-

344 trol) (Fig. 1). On the contrary, even when MS was also an

345 adequate medium for L. plantarum CIDCA 83114, it was

346 only comparable with the traditional MRS when supple-

347 mented with FOS (Table 1). Note that the performance of

348 this latter strain was similar for MRS and MS FOS.

349 Analyzing the evolution of the different carbohydrates

350 after fermentation enables a comprehensive interpretation

351 of the obtained results. Whereas the decrease of inulin and

352 DP7 in fermented MS is the result of hydrolysis, that of

353 shorter FOS and simple sugars indicates their use as energy

354 source for lactobacilli growth. Note also that mono, dis-

355 accharides and DP3 decreased to undetectable levels

356 (Table 2), which supports their preferable use before that

357 of larger FOS. This behavior also explains why the abso-

358 lute concentration of carbohydrates decreased from

359 20.76 ± 0.10 to 10–13 mg/mL after fermentation

360 (Table 2), as the shortest FOS were presumably used to

361 produce organic acids.

362Supplementing MS with FOS enhanced its capacity as

363culture medium, when growing L. salivarius CM-CIDCA

3641231B and L. salivarius CM-CIDCA 1232Y, converting it

365in a medium even better than the traditional MRS (control)

366(Fig. 1). Although the addition of FOS to MS led to a

367decrease of pH, microorganisms were able to grow prop-

368erly in MS FOS, attaining the highest CFU/mL in the

369stationary phase (circles in Fig. 1d–f). The lower pH,

370together with the increase in osmolarity (resulting from the

371addition of 20% w/v FOS) could probably be responsible

372for the larger lag time and lower acidification rates of

373microorganisms grown in this medium with regard to those

374grown in MS and MRS. In spite of that, once adapted to the

375acid medium, microorganisms grew properly, reaching

376about up to 1010–1011 CFU/mL in the stationary phase.

377The osmotic stress adaptation has been previously

378reported (Panoff et al. 2000; Tymczyszyn et al. 2007). In

379fact, the presence of high concentrations of sugars (i.e.,

380lactose, sucrose or trehalose) or other polyols (i.e., glycerol

381or polyethylenglycol) promotes bacterial adaptation and

382leads to a better resistance to dehydration processes. In the

383context of this work, this explains not only the larger lag

384times of microorganisms grown in MS FOS, but also their

385better resistance to subsequent stresses (Fig. 2, number 6)

386(Panoff et al. 2000; Tymczyszyn et al. 2007; Ferreira et al.

3872005). As a matter of fact, prior growing in low water

388activity media not only improves the bacterial yield during

389growth, but also the efficiency of sugars such as sucrose as

390protective compounds when drying sensitive microorgan-

391isms (Tymczyszyn et al. 2007).

392A thorough analysis of the composition of fermented MS

393and MS FOS also allowed the understanding of the role of

394sugars during freeze-drying and storage (Table 2; Figs. 2, 3).

395The chemical analysis of MS and MS FOS after fermentation

396showed an increase of FOS at expenses of inulin andDP7. This

397indicates that the dehydration media were composed of FOS

398arising from the hydrolysis of inulin andDP7, even in the case

399thatMS had not been previously supplemented with FOS. The

400role of these FOS as lyoprotectants has been recently inves-

401tigated (Romano et al. 2016). Fermented MS at low pH was

402the worst dehydration medium (Fig. 2, number 1), because

403although FOS are stable at low pH (Vega and Zuñiga-Hansen

4042015), microorganisms did not, as previously reported

405(Golowczyc et al. 2013). Suspending microorganisms grown

406in MS, in fresh medium (pH 6) significantly improved their

407recovery after freeze-drying (Fig. 2 number 3), but neutral-

408ization of the fermented MS appeared a much better strategy

409(Fig. 2 number 4). The addition of FOS in the growth medium

410was not an additional protecting factor, as bacteria grown in

411MS FOS and freeze-dried in the same medium after neutral-

412ization showed no significant improvement with regard to

413those grown in MS (Fig. 2, numbers 4 and 5). Furthermore,

414microorganisms grown in MRS FOS and freeze-dried in
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415 0.85% w/v NaCl showed an important decrease of cultura-

416 bility (Fig. 2, number 6), also supporting this hypothesis.

417 Adding FOS in the dehydration medium did improve the

418 bacterial recovery during freeze-drying (Fig. 2, numbers 7 and

419 8). This results are consistent with those reported before

420 (Tymczyszyn et al. 2007), for sucrose and trehalose. In fact,

421 these sugars potentiate the recovery of L. delbrueckii subsp.

422 bulgaricus when added in the dehydration media, and not

423 when added just in the growing media. This indicates that

424 these sugars shall be present in the fermented media during

425 dehydration. This behavior also explains the protective

426 capacity of the fermented MS media (with or without the

427 addition of FOS during growth). As FOS, sucrose and

428 monosaccharides were still present after fermentation

429 (Table 2), and their protective capacity is well-known (Ro-

430 mano et al. 2016; Tymczyszyn et al. 2007, 2008), they acted as

431 protective compounds during freeze-drying. However, the

432 addition of FOS to the dehydrationmedia improved evenmore

433 the bacterial recovery, especially for L. salivarius strains,

434 because of the well-known protective properties of FOS

435 (Romano et al. 2016). These results underline two main issues

436 to be considered: the importance of neutralizing the dehy-

437 dration medium to improve bacterial recovery, and the pres-

438 ence of FOS in the dehydration media to potentiate bacterial

439 protection. Furthermore, it must not be forgotten that the

440 freeze-dried fermented MS and MS FOS also contained bac-

441 terial metabolites, which in turn have been reported to be

442 efficient in promoting body weight and feed conversion in

443 farm animals (Denli et al. 2003). Hence, it could be considered

444 as an additional added value if feedstuff are to be developed.

445 The potentiality of the studied strains in the formulation

446 of probiotic containing food and feed encouraged the

447 investigation of their stability during storage (Fig. 3),

448 showing no significant decrease of culturability after

449 60 days at 4 �C. Vitrification has an essential role on

450 bacterial stability during storage (Romano et al. 2016). The

451 presence of FOS with higher DP plays a protective role

452 during storage because they have higher vitreous transition

453 temperatures (Romano et al. 2016; Blanch et al. 2012). The

454 presence of high concentrations of FOS DP6 in both fer-

455 mented MS and MS FOS supports their protective capacity

456 during storage. In turn, the addition of commercial FOS,

457 with reported protective capacity (Romano et al. 2016),

458 explained the stability of bacteria grown in MS and freeze-

459 dried in externally added FOS during storage (Fig. 3).

460 Conclusions

461 Considering that cost-effective culture and dehydration

462 media are mandatory for the production of commercial

463 probiotics, using MS in both functions appears as an

464 innovative strategy that fulfills this aim. Besides containing

465probiotic bacteria whose culturability did not decrease after

46660 days of storage at 4 �C, the dehydrated products

467included ingredients with great potential in the formulation

468of functional foods and feeds, namely prebiotic carbohy-

469drates (FOS) and other bacterial metabolites (i.e.: short

470chain organic acids).
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569Gómez-Zavaglia A (2014) Galacto-oligosaccharides and lactu-
570lose as protectants against desiccation of Lactobacillus del-

571brueckii subsp. bulcaricus. Biotechnol Prog 30:1231–1238.
572doi:10.1002/btpr.1969
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