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9 Abstract The aim of this study was to establish relation-

10 ships between structural fat properties and sensory, physi-

11 cal and textural attributes of yeast-leavened laminated salty

12 products. Refined bovine fat (MG1) and shortening (MG2),

13 with a SFC higher than 20% at temperature range of

14 15–35 �C were more viscous and less sensitive to tem-

15 perature changes. The micrographs of dough|fat|dough

16 sections corresponding to samples with MG1 and MG2

17 revealed a lower penetration of the fat sheet in the dough

18 section due to the more entangled fat structures that did not

19 allow a great flow throughout the dough layer. Conse-

20 quently, the structuration of laminated dough pieces

21 allowed the obtainment of systems highly resistant to

22 deformation. The laminated dough pieces elaborated with

23 these fats experiment the highest increments in their height

24 and maintained symmetry. Products with fat of least SFC

25 and higher destructuration rate produce smoother lami-

26 nated structures due to the pores. While products with MG1

27 and MG2 showed tortuous images and complex structures,

28 associated to layers and extended pores. MG1 and MG2

29 products were preferred (flavor and appearance) over those

30 with MG3. The highest ranking samples in the accept-

31 ability analysis were symmetric, presented very flaky crusts

32 and had a high level of lamination.33

34Keywords Laminated dough � Sensory analysis �

35Laminated baked product � Puff pastry � Solid fat content �

36Fat rheology

37Introduction

38In the production of laminated baked products (puff and

39Danish pastry), fat can be added in the base dough for-

40mulation and as layers between two adjacent dough sheets

41(Cauvain and Young 2001). The portion of fat between the

42dough layers affects puff pastry lift and flakiness (O’Brien

432004). Telloke (1991) established the influence of some

44fat-related aspects on puff pastry. The amount of added fat,

45the solid fat content (SFC) and the firmness of the fat at

46point of use were some of the variables bearing a propor-

47tional relationship with pastry lift. The crystalline form

48showed an inverse proportional relationship with the lift-

49ing. Matthews and Dawson (1963) used a sensory analysis

50to determine the performance of six kinds of solid and

51liquid fats at different levels of fat content. Baardseth et al.

52(1995) studied the influence of eleven roll-in shortenings

53made of milk fat or vegetable oil on the sensory charac-

54teristics of Danish pastries. They found that roll-in short-

55ening concentration influenced the texture and color of the

56baked product, and the roll-in shortening type affected

57flavor, odor and color. Simovic et al. (2009) investigated

58the effect of low-trans margarines on the physical and

59sensory properties of puff pastry and reported that the most

60important linear and square effect was the quantity of

61margarine. Pajin et al. (2011) and Pimdit et al. (2008)

62studied the influence of fat composition on fat suitability to

63produce puff pastry.

64Although many authors have studied in detail some of

65the fat characteristics proposed by Telloke (1991), they
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66 have either used fats with a similar SFC or have not con-

67 sidered it at all. Only Stauffer (1996) and Doerry (1996)

68 presented a SFC profile and related it with fat functionality.

69 Cauvain (2001) indicated that an SFC of 38–45% at 20 �C

70 produced the maximum-specific height of puff pastry. The

71 relationship between structural fat properties (fat melting,

72 SFC profile and rheology behavior) and the sensory and

73 physical qualities of laminated systems has not been

74 assessed yet. In fact, no studies have been conducted about

75 the relationship between fat fundamental rheology and the

76 characteristics of laminated baked products.

77 Variables involved in the process of production such as

78 the influence of number, continuity and thickness distri-

79 bution of fat layers on Danish pastry have been reported

80 by some authors (Deligny and Lucas 2015; Bousquieres

81 et al. 2014a, b) and on puff pastry by others (Collewet

82 et al. 2014). Most of these studies focused on systems

83 based on yeast and a high sugar content (15–25%)—

84 commonly called Danish pastry—and on products with no

85 yeast or sugar (leavened with water vapor)—known as

86 puff pastry.

87 The simultaneous presence of salt and yeast in a lami-

88 nated system should affect both dough behavior during the

89 production stages and quality of the product. Yeast plays a

90 major role in dough aeration during fermentation and

91 baking, and it also disrupts the integrity of fat and dough

92 layers (Cauvain and Young 2001). Therefore, the study of

93 yeast-leavened laminated salty products will contribute to

94 the scientific knowledge about laminated systems and their

95 industrial use in countries where laminated baked goods

96 are some of the most popular consumer products (Giannoni

97 2012). In this context, the aim of this study was to establish

98 relationships between structural fat properties and the

99 sensory, physical and textural attributes of yeast-leavened

100 laminated salty products.

101 Materials and methods

102 Material

103 A commercial ‘‘000-type’’ wheat flour (Graciela Real,

104 Argentina), popular among local producers in Argentina,

105 was used to manufacture baked products. Three commer-

106 cial shortening samples used in the regional production of

107 yeast-leavened laminated salty products were evaluated.

108 • Refined bovine fat (MG1) (La Cordobesa para hojaldre,

109 Argentina)

110 • Shortening (MG2) (Mkt CALSA margarina para

111 hojaldre, Argentina)

112 • Oleomargarine (MG3) (Margarina Dánica, Argentina)

113Flour characterization

114The commercial flour was analyzed for moisture, ash,

115protein, and wet and dry gluten content (44–19.01,

11608.01.01, 46–10.01 and 38–10.01 AACC Methods 1999;

117respectively). The falling number was obtained by the

118AACC standard method 56–81.03 (Falling Number 1400,

119Perten, Sweden).

120Predictive tests were carried out to evaluate the suit-

121ability of this flour to produce yeast-leavened laminated

122salty products. The solvent retention capacity profile and

123the sodium dodecyl sulfate sedimentation index were

124determined (56–11.01 and 56–70.01 AACC Method 1999;

125respectively). Dough expansion properties were evaluated

126through a biaxial extension test using a Chopin alveograph

127(MA 95, Trippette & Renaud, France) following the

12854–30.02 AACC Method (1999). The experiment was

129carried out with five dough pieces and an average of the

130obtained alveographs was used to calculate dough resis-

131tance to deformation (P), dough extensibility (L), the area

132under the graph which is proportional to the energy

133required to rupture the dough piece and the P/L relation-

134ship. Each test was performed at least twice.

135Physical characterization of shortenings

136The following analyses were performed on each shortening

137sample at least three times.

138Melting profile: the melting-crystallization process of

139the shortenings was evaluated by Differential Scanning

140Calorimetry (DSC 823 Mettler-Toledo, Zurich, Switzer-

141land). An aliquot (7–10 mg) of the shortenings was placed

142in 40 ll aluminum pans, heated at 30–80 �C (10 �C/min)

143and kept at 80 �C for 10 min. They were then cooled to

144-20 �C (1 �C/min), kept at -20 �C for 30 min and finally

145heated to 80 �C (10 �C/min) (Danthine 2012). The melting

146temperature was determined from the second curve of heat

147flow versus temperature.

148Solid Fat Content (SFC): it was determined at different

149temperatures (10, 15, 20, 25, 30, 35, 40 and 45 �C) and

150expressed as % SFC (Firestone 1989) (Minispec mq20

151Pulse Analyzer).

152Rheology behavior: each sample was first heated and

153cooled to destroy any previous crystalline structure. The

154rheological measurements were performed on a RHEO-

155PLUS/32 rheometer (Anton Paar, Germany) with a parallel

156plate geometry (8-mm plate diameter and 1-mm plate gap)

157according to Jiménez-Colmenero et al. (2012). Stress

158amplitude sweeps (at 1 Hz and 25 �C) were carried out on

159all the samples to determine the linear viscoelastic region

160(LVR) of each. Frequency sweeps (0.01–10 Hz) within the

161LVR were performed over shortening pieces at a constant
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162 temperature (25 �C) and frequency (1 Hz). Temperature

163 sweeps were carried out from 25 to 90 �C (heating rate:

164 2.99 �C/min, frequency: 1 Hz, strain: 0.1%). The storage

165 modulus (G0), loss modulus (G00) and tan d (G00/G0) were

166 calculated in terms of frequency and temperature of each

167 sample. The influence of temperature on the complex vis-

168 cosity was evaluated with the Arrhenius equation (Eq. 1)

169 (Rao 1999a), where g* is the complex viscosity (Pa.s), A is

170 a pre-exponential factor (Pa.s), Ea is the activation energy

171 (cal/mol), R is the universal gas constant (1.987207 cal/-

172 mol K) and T is the temperature (K).

g� ¼ A�Ea=RT ð1Þ

174174 A plot of Ln [g*] versus 1/T was made with temperature

175 sweeps results. The slope of the plot was equal to Ea/

176 R from, where Ea was evaluated (Esteban et al. 2012).

177 Production of yeast-leavened laminated salty

178 products

179 The yeast-leavened laminated salty products were made

180 with the three shortening samples according to de la Horra

181 et al. (2015). The dough was prepared with 100 g wheat

182 flour, 20 g shortening, 2.8 g compressed yeast (Red Saf-

183 instant, Lesaffre, Argentina), 2.5 g refined dry salt (Dos

184 Anclas, Argentina), 1.4 g sugar (Ledesma, Argentina) and

185 50 mL water. The ingredients were mixed for 3 min in a

186 mixer (MPZ Pedro Zambom e hijos, Argentina) until the

187 dough was made. A 33.3-g shortening sheet was folded

188 envelope-style into a dough sheet and then gaged to a

189 60-mm thickness in six steps with a sheeter (MA-AR

190 ACRILIC Tissot, Argentina). The dough was given a

191 twofold turn and allowed to rest for 20 min at 23 �C; it was

192 then gaged to a 50-mm thickness in seven steps and given

193 another twofold turn. The dough rested again for 20 min

194 and was gaged to a thickness of 50 mm. It was laminated

195 with a twofold turn and the final gaging was to about a

196 15-mm thickness. Round holes (diameter d = 2 mm) were

197 cut into the dough 1.6 cm apart from each other to prevent

198 complete separation of layers during baking. Square dough

199 pieces (5 9 5 9 1.5 cm) were fermented at 35 �C and

200 80% relative humidity until they doubled their height. The

201 baking process took place at 175 �C for 27 min in a Beta

202 107 IPA convector oven (Pauna, Argentina). The products

203 used in the evaluations were made at least twice and six

204 pieces of each sample were analyzed.

205 Evaluation of dough characteristics

206 The following analyses were performed on the non-fer-

207 mented laminated dough pieces prepared according to the

208 above mentioned procedure with the three shortening

209samples. The tests were carried out at room temperature

210(25 �C). The dough samples used in the evaluations were

211made at least twice and three dough pieces of each sample

212were tested.

213Microstructure: the dough microstructure was observed

214under a Confocal Nikon Eclipse C1si Microscope (Nikon

215Inc., Tokyo, Japan). Dough samples were prepared

216according to Peighambardoust et al. (2006) with some

217modifications described here. The dough samples were

218frozen at -18 �C and then cut into thin slices. The protein

219network was dyed with a solution of 1% Rhodamine B in

220dimethylformamide. The starch components were labeled

221with a 1% flourescein solution in dimethylformamide. A

222514-nm argon ion laser excitation was used to observe the

223starch components (green) and a 543-nm neon ion laser

224excitation to visualize the protein fraction (red).

225Compression test: the dough was compressed up to 40%

226of its initial height using a cylindrical probe (diameter

227d = 2.5 cm) in an INSTRON 3342 (Norwood, MA, USA)

228texture analyzer (Barrera et al. 2016). Force deformation

229curves were determined at a crosshead speed of 1 mm/s.

230Dough resistance to deformation was defined as the max-

231imum force obtained.

232Evaluation of baked product physical and textural

233attributes

234The following analyses were done at least twice and six

235pieces of each sample were analyzed.

236Conformational evolution: the behavior of the dough

237pieces during the production process was evaluated

238according to de la Horra et al. (2015). The height was

239determined at three points in the surface (5 mm from the

240edges and at the center), and an average height was cal-

241culated. The height (H) and width (W) ratios were deter-

242mined with the dimensions (height and width) of the baked

243products (bp) and the unfermented dough pieces (ud)

244(Eqs. 2 and 3).

H ¼
Hbp

Hud

ð2Þ

246246W ¼
Wbp

Wud

ð3Þ

248248The shape factor (SF) of the baked products was cal-

249culated as follows, with the baked product dimensions.

SF ¼
Height

Widthþ Length

2

ð4Þ

251251Specific volume: the baked product was weighed and the

252volume was determined by rapeseed displacement after

253cooling for 1 h. The specific volume was expressed as the
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254 volume/weight ratio of the final product (10–05 AACC

255 Method 2000).

256 Crust color: the crust color was determined on a CM-700d/

257 600d KONICA MINOLTA spectrophotometer (Ramsey,

258 USA). Measurements were done at three points on the crust

259 (left-upper edge, center and right-lower edge). Values were

260 measured in terms of brightness (L*), redness (a*) and

261 yellowness (b*), and the results were expressed as CIE

262 L*a*b* (14–22 AACC Method 1999).

263 Compression test: the baked product was compressed up to

264 40% of its initial height using a cylindrical probe (diameter

265 d = 2.5 cm) in an INSTRON 3342 (Norwood, MA, USA)

266 texture analyzer (Barrera et al. 2016). Force deformation

267 curves were determined at a crosshead speed of 1 mm/s.

268 Crumb firmness was defined as the maximum force

269 obtained and it was expressed in Newtons (N).

270 Inner structure: the inner structure of the product was

271 evaluated by image texture analysis. Cross-section images

272 of the product were obtained with a scanner (HP Scanjet

273 G3010, Palo Alto CA, USA) and analyzed with Image J

274 Software (National Institutes of Health, USA). Different

275 fields of view (FOV) were selected in each image

276 depending on the sample size. The images were pre-pro-

277 cessed by turning to grayscale, subtracting the background

278 and enhancing the contrast. The Gray Level Co-Ocurrence

279 Matrix algorithm was applied to the images and textural

280 features were obtained according to Arzate-Vázquez et al.

281 (2012). Contrast, homogeneity and entropy were consid-

282 ered. The Otsu’s threshold algorithm was applied to bina-

283 rize the images; the fractal texture was evaluated by the

284 Fractal Box Counting method and the fractal dimension

285 was established (Quevedo et al. 2002).

286 Sensory evaluation of the baked product

287 An acceptability analysis with 83 untrained panelists was

288 carried out to determine consumer preference over the

289 baked products prepared with the three shortening samples.

290 A discontinuous scale of seven points was used and the

291 evaluated parameters were flavor, odor and appearance of

292 the baked products. The results were assessed with a non-

293 parametric Friedman test.

294 A multiple discrimination test was carried out with 14

295 semi-trained panelists from Laboratorio de Quı́mica Bio-

296 lógica, Facultad de Ciencias Agropecuarias (Universidad

297 Nacional de Córdoba). A continuous eleven-point scale

298 was used to quantify the differences between the products

299 made with shortenings and a sample arbitrarily designated

300 like the control (Tang et al. 1999). The control was posi-

301 tioned in the middle of the scale and considered as zero

302 point, subsequently were 5 positive points to the right and 5

303 negative points to the left. The positive values were used in

304 case the sample was more than the control (?5: the most),

305while negative values were used in case the samples was

306less than control (-5: the lowest). The sensory attributes

307considered and the descriptor definitions were as follows

308and according to Hozová et al. (2002) with some modifi-

309cations described here:

310Attributes evaluated by visual observation

311• Symmetry: the product symmetry

312• Crust flakiness: level of flakiness of the product crust

313• Lamination: amount of sheets in a cross section of the

314product

315• Uniformity: distribution of pores and sheets in a cross

316section of the product

317• Porosity: amount of pores in a cross section of the

318product

319Attributes evaluated by mouth manipulation of samples

320• Firmness: the force required to compress the product in

321two chews between the molars

322• Fat perception: intensity of fat perceived during

323mastication

324Drinking water was provided for palate cleansing

325between each sample. The results of the discrimination test

326were assessed using analysis of variance (ANOVA), gen-

327eralized linear mixed models and the least significant dif-

328ference (LSD) multiple comparison test.

329Statistical analysis

330The results obtained were compared by analysis of vari-

331ance (ANOVA) using the least significant difference (LSD)

332multiple comparison test, where the relationship between

333the measured parameters was assessed by the Pearson’s test

334(significant level at p B 0.05) (Infostat statistical software,

335Facultad de Ciencias Agropecuarias, UNC, Argentina).

336Results and discussion

337Flour characterization

338The commercial flour used to make the yeast-leavened

339laminated salty products had an ash and protein content of

3400.739 ± 0.001 and 11.25 ± 0.07%, respectively. The wet

341and dry gluten content was 35.37 ± 0.67 and

34214.755 ± 0.003%, respectively. The wet gluten content

343was higher than that reported for Argentinian wheat flours

344by Colombo et al. (2008). Amylase activity has an

345important effect on the quality of the baked products. A

346lower falling number (\300) is associated with high

347enzyme activity, resulting in sticky crumbs and brown

348crusts. The falling number was 414 s, which may be

349associated with a weak amylase activity. Sliwinski et al.
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350 (2004) reported lower falling numbers for European and

351 Canadian wheat flours used in puff pastry production. The

352 dodecyl sulfate sedimentation index is related to the

353 quantity and quality of gluten proteins. The commercial

354 flour had a dodecyl sulfate sedimentation index of

355 14.00 ± 0.00 cm3. Guttieri et al. (2004) reported lower

356 values of dodecyl sulfate sedimentation index

357 (6.1–7.2 mL) for soft white and red wheat samples, and

358 Colombo et al. (2008) found a dodecyl sulfate sedimenta-

359 tion index range of 11.75–19.25% for Argentinian hard

360 wheat samples. The solvent retention capacity profile was

361 about 97.80 ± 4.66% for sucrose, 99.47 ± 0.93% for

362 lactic acid, 73.29 ± 0.29% for sodium carbonate and

363 84.11 ± 0.33% for water. The solvent retention capacity

364 values for sucrose and water were consistent with the

365 values obtained by de la Horra et al. (2015) for hard wheat

366 flours suitable to produce yeast-leavened laminated salty

367 products. The alveograph test provided relevant informa-

368 tion to relate flour characteristics to dough behavior during

369 fermentation and the early stage of baking. The P/L value

370 was 1.82 (p value: 120.12 mm; L value: 66 mm)—higher

371 than that obtained by de la Horra et al. (2012) for a set of

372 Argentinian wheat flours (0.43–1.62). The deformation

373 energy was 320 9 10-4 J. Cuniberti et al. (2003) found a

374 W range of 120–562 9 10-4 J for a set of Argentinian

375 wheat flours. The flour sample presented high proteins and

376 gluten contents, and the presence of a certain level of

377 hydrophilic components which imparts the necessary vis-

378 cosity in this kind of systems. Therefore, the obtained

379 dough presented extensibility properties that allowed the

380 lamination and the layers formation.

381 Physical characterization of shortenings

382 Shortenings and margarines are composed of a solid phase

383 of fat crystals intimately mixed with a liquid phase of fluid

384 oil. The proportion of the material in the solid phase is the

385 factor that most directly influences fat consistency

386 (O’Brien 2004). The melting points (MP) in the analyzed

387 shortening samples were significantly different (p\ 0.05).

388 The MG1 sample presented an MP of 46.94 ± 0.08 �C,

389 which is in accordance with the melting range

390 (45.0–57.2 �C) reported for shortenings used in puff pastry

391 production (O’Brien 2004; Stauffer 1996). The MP in MG2

392 and MG3 (42.77 ± 1.29 and 39.09 ± 0.18 �C, respec-

393 tively) was similar to the MP of Danish pastry shortenings

394 (39 �C) (O’Brien 2004).

395 The SFC profile of the samples declined with higher

396 temperature (Fig. 1a). Sciarini et al. (2013) showed the

397 same tendency with the temperature increment in fats with

398 different SFC values. The decreasing tendency was most

399 pronounced for MG1 and MG2, whereas MG3 showed a

400 flatter profile. In the temperature range of 15–35 �C

401(production process of baked products), the SFC in MG1

402dropped by 135 and 160% in MG2, whereas in MG3 it

403declined by 11%. At the temperatures evaluated, MG1

404showed the highest SFC (p\ 0.05), followed by MG2 and

405MG3. Simovic et al. (2009) reported SFC values of low-

406trans margarines similar to MG1 and MG2 (ranges of SFC

407at 10 �C: 60.1–54.8%; 20 �C: 47.1–40.1%; 25 �C:

40838.6–30.9%; 30 �C: 26.3–22.3%). Doerry (1996) reported

409that a relatively high solid fat content was optimum for puff

410pastry shortenings, e.g. an SFC of 16% at 40 �C. MG1 with

411an SFC of 18% at 40 �C should be suitable to produce

412baked products with a laminated structure. Studies about

413consistency and spreadability properties of chemically and

414enzymatically modified dairy fats, palm oil, cocoa butter,

415bovine and porcine fat have been found (Rousseau et al.

4161996, Rousseau and Marangoni 1998). These authors

417reported different rheological properties despite the fact

418that the samples under study had the same SFC. Therefore,

419the understanding of fat three-dimensional network struc-

420ture should not be conceived only through fatty acid

421composition and SFC. It is essential to evaluate the

422mechanical properties and geometric characteristics of the

423fat structure (Narine and Marangoni 1999).

424The frequency sweeps under isothermal conditions

425showed the rheology behavior of the shortenings (in stress

426terms) when they were subjected to a constant cyclic strain,

427whose frequency changed over time. There were no sig-

428nificant increments in the storage (G0) and loss (G00) moduli

429with a higher frequency, which indicates that the vis-

430coelastic behavior was poorly dependent on frequency

431(Fig. 1b). The analyzed samples presented a predominance

432of G0 over G00 in the studied frequency range. This revealed

433a system behavior more similar to a viscoelastic solid,

434where deformations are essentially elastic and recoverable

435(Rao 1999b). The observed behavior is typical of plastic

436shortenings and fat blends (Buldo and Wiking 2012). The

437macromolecular structure and distribution of fats is deter-

438mined by the tendency of the solid particles to interlock.

439Fats have a high capacity to be molded (plasticity) as long

440as the interlocking effect is strong enough to make them

441highly resistant to small deformation processes. When

442stress increases, a point is reached where the fat structure

443will yield to allow plastic flow. The relative consistency of

444fats is hence a measure of the stress required to cause

445plastic flow or movement. The internal strength of the

446material is determined by the number of contact points

447among crystal particles (O’Brien 2004).

448The elastic response to stress by MG1 and MG2 was

449significantly higher (p\ 0.05) than the MG3 response. The

450level of the G0-curve coincides with the number of cross-

451links along the original chain molecules (Schramm 2000).

452Therefore, MG1 and MG2 structures were associated with

453more entangled systems because of a high number of
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Fig. 1 Solid fat content profile and rheological profiles of shortening samples. a SFC: solid fat content. b G0: elastic moduli; G00: viscous moduli;

tan d: G00/G0 ratio
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454 intermolecular points of interactions. The lower G0 for

455 MG3 was related to a weak structure formed by a lower

456 number of interactions. MG1 showed the highest viscous

457 component (G00), followed by MG2 and MG3. These

458 results were in agreement with Vreeker et al. (1992), whose

459 showed that the G0 of fat network varied with the SFC and

460 its fractal or tortuous nature. During fat production the SFC

461 decreased, hence a sample that initially had a higher SFC

462 showed a more viscous response. The lower particles

463 mobility during heating promotes the formation of smaller

464 crystal microstructures. In the fat network the intra-mi-

465 crostructural interactions are stronger than the inter-mi-

466 crostructural. Consequently the elastic response of the

467 system is dominated by the elastic behavior of the inter-

468 actions established between the crystal microstructures.

469 This generates a less rigid structure with a greater G0, as in

470 the case of MG1 and MG2. On the other hand, a system

471 with a lower SFC presented a lesser viscosity and when is

472 heating the molecules mobility grow. This promotes the

473 formation of large crystal structures, whose intra-mi-

474 crostructural interactions are weaker than the established

475 between the different microstructures. In this case, the

476 storage modulus of the system is dominated by the elastic

477 behavior of the microstructures, due to the forces between

478 the intra-microstructural entanglements. Consequently the

479 network had a lesser elastic behavior than the one formed

480 by smaller crystals (Shih et al. 1990, Sciarini et al. 2013).

481 At 1 Hz of frequency, the observed results for tan d

482 were not significantly different (Table 1). However, MG2

483 and MG1 showed tan d values closer to 1, attributable to a

484 relatively more viscous reaction of the systems to the

485 applied strain. A lower tan d value for MG3 can be related

486 to a more elastic response. Fats with a higher SFC (MG1

487 and MG2) presented more entangled structures and glob-

488 ally dissipated in a viscous fashion the energy used to

489 deform them.

490 The rheological behavior of the shortenings was evalu-

491 ated in terms of temperature at a fixed frequency. The

492 samples showed different rheological profiles when sub-

493 jected to the heat treatment. The G0 values were higher than

494 G00 for the three samples along the entire temperature

495sweep (Fig. 1b). In a first region (Region 1: 0–39 �C) the

496elastic compound slightly declined with higher tempera-

497ture. MG1 had the greatest elastic response, followed by

498MG2 and MG3. These revealed that during the heating

499process to 39 �C, MG1 showed a more entangled structure

500than MG2 and MG3. The G0 of MG2 started to decrease at

501a lower temperature (35.9 �C) compared with MG3

502(38.7 �C) and MG1 (41.5 �C). Therefore, MG2 began to

503suffer a destructuration at a lower temperature in compar-

504ison with MG3 and MG1. MG1 presented the highest

505viscous component, followed by MG2 and MG3. The tan d

506curves of all the samples rose with higher temperature.

507This tendency was related to a sharper decrease in the

508elastic component than in the viscous component.

509The greatest rheological changes took place in a second

510region (Region 2: 39–45 �C), where a great decrease was

511observed in both moduli with the higher temperature,

512caused by the shortening melting. Destructuration of the

513systems was greater than the one produced at lower tem-

514peratures. MG1 showed the highest elastic component,

515followed by MG2 and MG3 (Table 1). The highest viscous

516component appeared in MG1, followed by MG3 and MG2

517(Table 1). The tan d curves showed the same tendency as

518under lower temperature. However, MG1 and MG2 tan d

519values (Table 1) were significantly higher and closer to 1

520than MG3. This can be associated with an MG1 and MG2

521reaction more similar to a viscoelastic liquid than MG3. At

522temperatures over 45 �C (Region 3), the elastic component

523of the samples remained constant, whereas G00 showed a

524slight decrease. The tan d profiles showed a maximum,

525which decreased with the temperature increment.

526Viscosity changes with temperature can be described by

527an Arrhenius-type relationship. The samples presented

528different activation energies (Table 1), although the

529observed tendencies were not significantly different. In

530Region 1, which included the temperature of dough pro-

531duction and lamination, MG3 was the most sensitive

532sample to temperature changes (higher activation energy

533values), with a destructuration rate of the system higher

534than MG1 and MG2. Igwe (2004) found the same tendency

535in vegetable oils (in solution), where the samples with

Table 1 Rheological and Arrhenius parameters of shortening samples

Sample Frequency sweep Temperature sweep Activation energy (kcal mol-1)

G0 (kPa) G00 (kPa) tan d G0 (kPa) G00 (kPa) tan d

39 �C 45 �C 39 �C 45 �C 39 �C 45 �C Region 1 Region 2

MG1 6500a 1009a 0.16a 1765.0a 168.0a 818.5a 129.5a 0.47a 0.77a 0.24a 4.14a

MG2 4435a 763b 0.17a 92.1b 0.2b 49.3b 0.2b 0.53a 0.87a 0.20a 3.20a

MG3 619b 74c 0.12a 108.8b 2.0b 24.8b 1.0b 0.23b 0.51b 0.26a 3.75a

Rheological measurements at 1 Hz. G0: elastic moduli; G00: viscous moduli; tan d: G00/G0 relationship. Values in each column followed by a

different letter are significantly different (p B 0.05)
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536 higher values of Ea showed the lowest values of intrinsic

537 viscosity. In a laminated system composed of alternate

538 dough and fat sheets, the fat capacity to be deconstructed

539 and flow with rising temperatures influenced the final

540 structure of the baked product. In Region 2, MG1 was the

541 least resistant to temperature changes, followed by MG2

542 and MG3.

543 Dough evaluation

544 In order to evaluate the effect of shortenings with different

545 structural properties on the organization and distribution of

546 the dough structural elements, micrographs were taken

547 from dough laminated pieces (Fig. 2). In the images the

548 starch granules are in green, while the proteins in red and

549 the dark regions are associated with the shortening. The

550 micrographs of dough sheet sections (Fig. 2a) showed that

551 there had been a gluten network development in all the

552 samples. However, dough pieces with MG2 and MG3

553 presented a greater gluten development than MG1. Short-

554 enings with intermediate and low SFC interfered to a lesser

555extent in the established interactions between proteins

556during the dough development.

557The greatest differences in the distribution of the structural

558elements were observed in the dough|fat|dough intersections

559(Fig. 2b). Although the three samples were penetrated by the

560fat sheet in the dough section, the level of penetration was

561different in each sample. The dough sheet in the dough sample

562with MG1 showed clearly defined limits, and the fat section

563included isolated starch granules. While the fat section of the

564sample with MG2 showed starch granules and proteins

565belonging to the edge of the dough sheet. The dough piece

566with MG3 presented the highest level of penetration. Micro-

567graphs ofMG3 revealed a continuous starch phase throughout

568the fat section and a dough sheet with irregular edges. The

569dough pieces which showed the most orderly structures were

570produced with fats bearing a higher SFC and a viscous

571response (MG1 and MG2). Therefore, the more entangled

572structures of MG1 and MG2 did not allow a great penetration

573of the fat into the dough sheet.

574The laminated dough pieces showed different behaviors

575when subjected to a great deformation. The MG1 sample

Fig. 2 Confocal microscopy of laminated dough pieces without fermentation. a Dough sheet section; b dough|fat|dough section. In green: starch

granules; in red: protein; dark regions: fat

AQ5

J Food Sci Technol

123
Journal : Large 13197 Dispatch : 2-3-2017 Pages : 13

Article No. : 2572
h LE h TYPESET

MS Code : JFST-D-16-00627 h CP h DISK4 4

A
u

th
o

r
 P

r
o

o
f



U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

576 proved to be more resistant to deformation (18.951 ±

577 2.368 N; p\ 0.05) than MG2 and MG3 (12.259 ± 0.452

578 and 5.900 ± 0.002 N respectively; p\ 0.05). Mamat and

579 Hill (2012) also found that biscuit dough made with fat of

580 higher solid content had higher breaking force. These

581 results revealed that the structural characteristics of the fats

582 were different and they influenced the capacity of the

583 laminated system to withstand deformation. The laminated

584 dough prepared with MG1 was least deformed during

585 compression and the micrograph of the dough|fat|dough

586 intersection revealed a more structured distribution of the

587 components of the system. The viscous nature of MG1

588 prevented the flow and irruption of the fat during the for-

589 mation of the laminated structure and its consequent

590 alteration. On the other hand, MG3 with a greater gluten

591 development in the dough layer was lesser resistance to

592 deformation. These was related to a lesser viscous behav-

593 ior, which produced a dough pieces with poorly stratified

594 inner layers as a result of a higher flow capacity. The

595 general behavior of the system when is subjected to a great

596 deformation, like in the lamination step, is strongly influ-

597 enced by the properties of the shortening layer and in a

598 lesser extent to the fat contained in the dough layers.

599 Lagendijk and van Dalfsen (1965) studied the inner

600 structure of puff pastry dough samples made with mar-

601 garine. The authors observed in dough pieces more resis-

602 tant to extension a laminated inner structure, with some

603 intersections points between fat and dough layers. While in

604 dough samples with lower resistance to extension, they

605 reported that sheeted structure was absent.

606 Physical and textural attributes of the baked

607 product

608 The effect of shortening properties on the development of

609 the laminated baked structure was assessed by the product

610 elaboration and its quality evaluation. The lateral view of

611 the products made with MG1 and MG2 revealed a lami-

612 nated structure with horizontally aligned thin layers

613 (Fig. 3b). The sample made with MG3 showed a layered

614 structure with disruptions in some areas; the layers were

615 less separated and a coarse, uneven stratum appeared in the

616 upper section of the product. The upper view of the prod-

617 ucts revealed that samples made with MG1 and MG2 had

618 maintained the desired shape, whereas products with MG3

619 had lost symmetry during the baking process.

620 In order to evaluate the magnitude of the vertical and

621 horizontal growth of the dough pieces from the beginning

622 of the fermentation to the end of the baking, the height and

623 width ratios were determined (Fig. 3a). The products pre-

624 pared with MG1 and MG2 showed the highest values for

625 the height ratio and lower values for the width ratio in

626 comparison with instead, MG3. Dough pieces with

627MG1and MG2 experienced a greater growth in vertical

628direction, while sample with MG3 expanded mainly in

629horizontal direction. The yeast-leavened laminated salty

630dough will keep its symmetry and shape, if during the

Fig. 3 Conformational evolution of the yeast-leavened laminated

salty products. a H: height relationship; W: width relationship; SF:

shape factor. Columns with a different letter are significantly different

(p B 0.05). b Yeast-leavened laminated salty products elaborated

with the three fat samples
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631 production process the lateral expansion is minimizing and

632 the vertical growth is enhancing (de la Horra et al. 2015).

633 The shape factor is a quality parameter which magnitude is

634 determined by the three dimensions that characterize the

635 baked product and is related with its symmetry. The

636 products with MG1 and MG2 presented the highest values

637 for the shape factor; these results can be associated with

638 baked products bearing greater height values and lower

639 width and length values than products with MG3. The

640 baked products prepared with the fats showed no signifi-

641 cantly different specific volume values (Table 2). Pimdit

642 et al. (2008) did not report significant differences in the

643 specific volume values of reduced-fat puff pastries.

644 The crust lightness of the yeast-leavened laminated salty

645 products was significantly affected by fat. Products made

646 with samples with higher SFC showed lighter crust

647 (Table 2), with higher L* values, while when MG3 was

648 used the crust obtained was lesser light. The samples

649 showed positive values for a* and b* parameters. Products

650 with MG3 showed crusts with the highest yellow and red

651 intensities, followed by MG2 and MG1. Products with

652 MG1 presented the highest value of firmness, followed by

653 products with MG2 and MG3. This revealed that the

654 structural properties of MG1 impart to the laminated

655 structure a great capacity to resist against a deformation.

656 Devi and Khatka (2016) highlighted that textural properties

657 of cookies, baked products made from laminated dough,

658 are significantly influenced by physical, chemical and

659 rheological properties of fats and oils.

660 The texture image analysis of the cross-section images

661 of the products was used to evaluate and quantify differ-

662 ences in the inner structure of the systems prepared with

663 the three fats. Four textural features were used to describe

664 the inner surface (Table 2). The images of the products

665 with MG1 showed the highest contrast, which was attrib-

666 uted to greater local variations in the gray level values of

667 the image pixels. No significant differences of contrast

668 were detected between products made with MG2 and

669 MG3. Homogeneity is a measure of the textural uniformity

670 of the image (Arzate-Vázquez et al. 2012). The product

671 with MG2 presented a more uniform inner surface than

672 MG3 and MG1. The randomness of the intensity distri-

673 bution in the image is measured through entropy. Products

674 with MG1 presented the highest value of entropy, which

675 was related to more complex images. No significantly

676 different entropy values were found for MG2 and MG1

677 images. The fractal dimension provides a numerical

678 descriptor for the morphology of objects with complex

679 irregular structures like pores and layers (Perez-Nieto et al.

680 2010), and it is associated with surface roughness (San-

681 tacruz-Vázquez et al. 2007). Products with MG3 showed

682 the lowest values of fractal dimension, attributed to a lesser

683 tortuosity inner surface due to the presence of pores. The T
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684 samples with MG1 and MG2 showed higher values of

685 fractal dimension, associated with a more complex

686 arrangement of layers and pores of extended conformation,

687 and with a greater morphological roughness. Farrera-Re-

688 bollo et al. (2011) observed that the inner structure of

689 Danish pastry had a higher fractal dimension value than

690 muffin and yeast-sweet bread, whose inner crumbs are

691 characterized by the presence of pores instead of layers.

692 The inner structure of the products was significantly

693 affected when different fats were used. Products made from

694 fats with a higher SFC, more entangled structures and a

695 resultant more viscous behavior (MG1 and MG2) showed

696 more complex structures with layers. Conversely, when a

697 fat with a lower SFC and a higher destructuration rate

698 under heat was used, the yeast-leavened structure was

699 characterized by the presence of pores and a less complex

700 surface.

701 Sensory evaluation of the baked product

702 The yeast-leavened laminated salty products elaborated with

703 the three fats were subjected to an acceptability analysis. The

704 products made with MG1 and MG2 obtained significantly

705 higher values of average range for flavor and appearance

706 than samples with MG3 (Table 2). This revealed that yeast-

707 leavened laminated salty products with MG1 andMG2 were

708 the most widely preferred in terms of flavor and appearance.

709 No significant preferences were reported when assessing the

710 samples in terms of odor. Baardseth et al. (1995) found that

711 the roll-in shortening type used in Danish pastry had an

712 influence on flavor and odor.

713 In the multiple discrimination test (Fig. 4), products

714 with MG1 were found to be more symmetric than MG2 and

715 MG3 (p\ 0.05). There were significant differences in the

716 level of crust flakiness. Products made with MG2 had

717 crusts with higher flakiness than products with MG3 and

718 MG1. When pore and sheet distribution in the inner

719 structure was evaluated, MG3 proved to be the most uni-

720 form sample, followed by MG2 and MG1. Products with

721 MG2 and MG1 showed higher values of lamination than

722 MG3 (p\ 0.05). This revealed that products with MG2

723 and MG1 had a laminated inner structure with more layers

724 than MG3. There were no significant differences in the

725 results for porosity levels, although pore content in the

726 MG1 sample tended to be higher than in MG2 and MG3.

727 Among the attributes evaluated by mouth manipulation,

728 differences were detected for firmness of the product only.

729 Samples with MG3 showed higher values of firmness than

730 MG1 and MG2. According to the observed tendency,

731 panelists had a higher fat perception during mastication of

732 products with MG2 than when they tested the MG1 and

733 MG3 samples. The sensory analysis revealed that the

734 highest ranking samples in the acceptability analysis

735(products with MG1 and MG2) were symmetric and pre-

736sented very flaky crusts; pore and sheet distribution was

737heterogeneous, with a higher level of lamination. The

738sensory analysis showed that symmetry and level of lam-

739ination may be considered positive attributes. The higher

740the symmetry and level of lamination, the better the quality

741of the baked product. Firmness and structure uniformity,

742instead, may be considered negative attributes. The lower

743the firmness and structure uniformity, the better the quality

744of yeast-leavened laminated salty products.

745Conclusions

746Sensory, physical and textural attributes of yeast-leavened

747laminated salty baked products are related to the structural

748properties of the used fat. The fat solid content profile and

749the rheological behavior influenced the structure of the

750laminated dough system. Fats with a SFC over 20% at a

751temperature range of 15–35 �C (production and lamination

752processes) were more viscous and less sensitive to tem-

753perature changes. Consequently, the obtained dough pieces

754had a fat and dough layers structuration more regular and

755homogeneous, which prevented the collapse of the sheets

756during the production process. This rendered the system

757highly resistant to deformation and promoted vertical

758growth rather a lateral expansion, thus maintaining sym-

759metry during the fermentation and baking processes. After

760the baking step the products were higher, with an inner

761crumb characterized by a tortuous surface due to the

762presence of layers. The products were the most widely

763preferred in the acceptability analysis and were mainly

764characterized by their symmetry and a more laminated

765inner structure.

Fig. 4 Representation of the sensory attributes analyzed in the

multiple discriminative test
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