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OBJECTIVES RESULTS

The goal of the present work was to evaluate the effect of Table IT - Sensory scores of the samples of bread (6roa) manufactured under different baking conditions

5 S 5 S Crumb appearance Crumb texture to the tact Odour Crumb taste Texture on the mouthfeeling/Mastication
9 ' Ven VG r. I a b I es 1- haT p l ay a r.o I e d u r' | ng 1- h e ba kl ng p r.o Ces S o f Colour Bran in the crumb appearance Porosity in the crumb appearance |Elasticity Gumminess character Hardness Friability Global Acidic Maize/rye Global Sweetness Acidic Bittness Salt Friability Adhesiveness /Gumminess Moistness Particles/Graininess
o . Amount Size |Amount  Size
broa (a traditional type of sourdough bread) upon consumer T . ¢ R N SR
ol o . Standard 1 4,01 2,79 2,18 3,50 2,96 2,46 2,27 3,01 151 3,20 1,82 3,1 3,01 174 1,61 2,45 1,50 2,18 2,59 2,24 1,64
accep-rab l I 'Ty Gnd 01- The Same Tl me 1-0 Tr'y 1-0 Co r.r.elaTe MRxMA, 15%rye, Isco 2 2,00 325 |2,25 2,80 2,38 1,63 3,25 2,25 3,00 1,38 2,25 3,38 2,13 1,63 2,50 1,63 2,50 2,50 2,50 2,50
' . . l . MRxMA, 15% rye, Yeast 3 1,75 2,75 1,50 2,00 1,75 3,63 1,00 3,63 2,75 3,00 157 2,25 2,63 2,88 1,00 1,50 1,88 2,63 2,13 1,88 2,50
Th -|- Th h I 1- d MRxMA, 50% rye, Isco 4 |388 263 |263 3,00 2,63 2,50 313 150 3,00 163 2,75 2,88 2,13 138 2,00 2,00 175 2,75 2,88 3,00
ose Senso r'y Gspec S Wl C em ' Ca par‘ame er.s measu r'e ' n MRxMA, 50% rye, Yeast 5 3,50 2,38 1,63 3,50 2,25 2,63 2,13 3,00 113 2,75 1,38 313 2,71 2,13 1,25 2,13 1,63 1,50 2,63 2,88 2,88
. . : MRxME, 15% rye, Isco 6 1,88 200 [2,38 1,60 3,13 1,25 2,63 2,38 2,88 1,63 2,75 3,38 1,75 2,38 313 150 2,29 1,86 2,14 157
a pr'eV|ous Wor'k (per'-ralnlng 1-0 Samples fr.om The Same baTCh)o MRxME, 15%rye, Yeast 4 1,88 2,50 2,13 1,88 1,71 3,00 0,88 4,13 2,50 2,50 1,50 2,38 3,00 1,00 1,75 3,38 1,43 2,75 1,63 1,63 2,00
MRxME, 50%rye, Isco 8 3,88 1,88 3,50 3,60 2,88 2,00 3,50 1,25 3,13 2,13 3,00 3,14 1,13 1,88 2,75 1,63 2,43 2,86 2,71 1,71
MRxME, 50%rye, Yeast ) 4,25 2,00 200 [3,88 2,38 3,00 2,13 3,13 1,00 3,25 1,88 3,13 3,00 1,63 1,50 2,63 1,88 2,13 2,00 2,00 2,13
o MHDxMA, 15% rye, Isco 10 |1,29 1,43 200 [257 2,57 3,00 157 3,43 3,00 2,86 1,86 2,14 3,43 2,00 1,43 2,29 1,29 3,00 1,00 1,43 3,29
FO r' ThaT pu r.pose r} d l ffer.en-r b r‘eads (b/ﬂoanS') Wer'e p r.Oduced MHDxMA, 15% rye, Yeast 11 1,50 2,00 1,50 2,60 2,00 4,00 0,56 4,56 3,22 2,89 1,33 1,89 3,30 1,50 1,70 2,20 2,00 3,60 1,00 1,00 3,10
MHDxMA, 50%rye, Isco 12 4,00 2,71 1,86 4,14 3,57 2,43 1,71 3,00 1,71 3,00 2,00 3,86 3,00 1,43 0,83 1,29 1,14 2,14 2,43 2,29 3,14
° L] L] L] L] o
reSo r|-|- ' n9 1-0 G I I poSS l b I e CO m b l nGT ' o nS o f 4 Types o f ma l Ze MHDxMA, 50%rye, Yeast 13 |4,00 2,40 1,60 311 2,40 3,60 2,10 3,40 1,80 3,20 2,10 3,70 3,00 2,20 1,50 1,80 1,20 2,50 2,00 1,40 2,70
MHDxME, 15% rye, Isco 14 |1,29 1,86 1,71 1,71 2,29 2,43 0,57 4,43 3,86 3,00 157 2,14 3,57 157 2,14 2,29 1,86 257 1,43 1,43 2,00
b b b MDHxME, 15%rye, Yeast 15 1,60 2,10 1,60 2,60 (0] 3,60 0,70 5,30 3,50 2,70 1,60 2,20 :10] 1,70 1,70 1,50 1,60 3,80 0,60 0,70 (0]
f l 0 u r's ’ m l xed W l 1- h O ne Typ e o f r.ye f I O u r. GT 2 d l f f e r. e n.r MHDXME, 50%rye, Isco 16 |3.86 2,14 2,00 [3,43 3,29 2,29 2,29 3,00 1,86 3,43 2,14 3,86 3,29 0,86 1,86 2,14 1,71 2,29 1,71 2,14 1,43
MHDXME, 50% rye, Yeast 17 14,10 2,50 1,50 3,10 2,40 3,40 1,60 3,60 2,10 2,90 2,00 3,40 3,00 2,20 1,80 2,00 1,50 2,50 1,78 1,70 1,60
pr‘o po r""ions Gnd Coupled WlTh 2 klnds Of STarTer' CUITU re MHFXMA, 15% rye, Isco 18 238 [250 225 313 300 375 0,63 3,50 3,50 3,25 163 2,63 347 2,14 1,86 143 167 2,50 0,88 1,38 3,63
. . / . . . . . . . / MHFxMA, 15% rye, Yeast 19 113 3,00 1,81 2,25 2,25 2,13 1,83 2,50 1,63 3,00 | §510) 2,13 3,50 2,00 1,38 2,13 0,88 1,86 2,88 3,13 2,38
1' h 1' 1 8 d '|' 1' b 1' F I 1' MHFxMA, 50%rye, Isco 20 |4.13 2,75 1,75 3,14 3,63 2,13 2,88 3,00 1,63 357 2,00 3,63 3,00 1,86 1,86 157 1,29 1,75 2,63 2,88 2,25
us 9 I v l ng r. | S e O l S l n C CO m l na | O nS ¢ l Ve (r.ep l Ca e) MHFxMA, 50%rye, Yeast 21 3,71 3,00 1,75 3,25 2,13 3,63 2,63 3,13 2,38 3,25 1,63 3,50 2,88 2,13 1,00 1,38 1,50 2,63 2,13 2,00 2,63
S S MHFXME, 15%rye, Isco 22 |2,88 3,00 225 12,63 2,63 3,50 0,75 3,63 3,75 3,25 1,38 2,75 3,00 2,29 157 1,71 1,14 2,88 1,25 1,38 2,63
b r.eads Wer‘e p r'o duced per‘ CO m b l naT l o n / and O ne STandar‘d MHFXME, 15%rye, Yeast 23 |1,63 2,38 1,88 3,00 2,38 3,50 0,75 5,00 3,57 2,88 1,25 1,63 4,00 1,75 1,50 1,63 157 3,00 2,00 1,38 2,50
° MHFxME, 50% rye, Isco 24 1443 2,50 200 [3,25 3,00 1,75 2,75 2,88 157 3,13 2,13 3,75 2,86 2,29 157 1,43 114 1,88 2,75 2,88 2,38
b/ﬂoa (us ed as CO nT r'o I ) Was a l S O p r'o d u Ced | n eac h baTC h . MHFxME, 50% rye, Yeast 25 3,38 313 200 [3,25 2,25 1,25 3,75 1,75 0,63 3,13 2,13 2,88 2,86 3,00 0,88 1,13 0,86 1,25 3,75 3,63 1,38
F175, 15%rye, Isco 26 |1,25 2,38 2,14 3,00 2,63 3,71 0,75 3,75 3,38 3,25 1,75 2,00 3,13 1,88 2,13 2,38 1,25 3,13 1,50 1,00 1,63
F175, 15%rye, Yeast 27 1,75 2,63 2,13 3,00 2,38 3,50 0,25 4,75 2,88 2,63 150 2,75 3,13 1,88 1,38 2,25 1,13 3,25 1,25 0,75 2,00
F175, 50%rye, Isco 28 4,00 313 2,25 13,50 313 2,38 2,63 2,75 1,38 3,25 1,75 3,88 3,00 2,57 1,00 1,63 0,88 1,88 2,38 2,38 1,50
The Samp l es o b"‘ai ned afTerl baking Werle Su bm iTTed 1‘0 F175, 50%rye, Yeast 29 |4.25 2,63 200 [3,38 3,25 2,38 2,38 3,13 1,00 3,63 2,38 3,88 3,63 2,00 1,38 2,25 1,13 2,00 2,25 1,88 1,63

sensory scoring by a trained sensory panel; all panellists
were experienced in sensory assessment, and particulary in
evaluation of baked products.

Table IIT - Mean values of the sensory scores (and corresponding standard deviations, SD) from the PC ;
- - - . ! . ' analysis
This study has shown that changes in the baking process of bread manufactured and which have in common at least one process variable (calculated from Tab/e II) 4
G S S Variables (axes F1 and F2: 55 %
broa can be perceived by, and optimized toward consumer | )
sensory analysis, although the information on sensory Al A2 A3 Bl B2 €l Cc2 C3 c4 DI D2 D3 E1 E2 E3 E4 E5 F1 F2 F3 F4 b
perception and chemical testing may be different in both ypetotmazekiio, 1 e
) ) MR Mean 29 241 213 275 239 291 17 33 184 294 163 27 3 18 16 25 17 22 23 23 229 1 s o
kind and magm’rude. sD 11 0,31 057 0,77 071 0,38 06 045 07 023 026 037 03 06 04 06 02 04 05 05 052 S ” f?’pg 2
MHD  Mean 27 2,12 166 285 24 32 16 351 255 295 193 28 31 16 17 21 16 25 16 14 24 x \oglés“ = [T et
sb 14 04 021 072 056 065 07 083 0,86 023 029 088 03 05 04 04 03 06 06 05 073 % s LB /‘1
EXPERIMENTAL METHODS & ABBREVIATIONS MHF  Mean 3 278 196 299 266 27 2 317 233 318 17 286 32 22 15 15 13 22 23 23 247 . ~ ]
sb 12 029 02 036 052 099 12 094 116 021 034 075 04 04 04 03 03 06 09 09 062
sAKNG TESTS g Mrmmamiim mamiedpiman g o e o e e
Baking tests were carried out with all possible combinations of: T T S , Jeen e
Type of starter culture Figure 1 - Loading plot on axes 1 and 2.

> 4 different types of maize flour:

: : Isco  Mean 29 244 214 295 291 274 17 328 236 3,14 178 296 32 19 17 2 14 24 2 21233
- Portuguese regional maize flour, MR

SD 12 052 04 063 056 061 08 047 095 021 027 O71 02 O5 04 06 03 04 O,7 0,7 073

- Dentated hybrid maize flour, MHD Yeast Mean 27 253 179 291 2,26 309 16 364 215 298 169 277 31 2 14 2 14 25 2 19 225 e B
- White hybrid maize flour, MAHF sD 12 036 023 058 036 076 1 1098 03 034 071 04 05 03 06 04 07 08 09 051 4 P
- Flint maize flour type 175, F175 Amount of rye flour ’ -
15%rye Mean 4 26 192 336 288 26 24 303 149 319 195 345 3 2 14 19 14 2 24 24 217 ‘ RS
» 6rinding in 2 different types of mill: sb 03 036 029 036 056 068 05 044 047 024 027 04 02 06 04 05 04 04 05 06 063 X mem, d2 o] e
- electric flour-mill, ME 50%rye Mean 17 238 201 25 229 323 09 389 301 293 153 228 32 19 17 22 15 28 16 16 24l S R S T A
- watermill, MA sD 05 047 044 045 042 058 05 084 065 023 016 034 03 04 04 06 03 05 06 07 06 e *Mas *8 T ege1
Type of mill * 2
> One type of rye flour at 2 different relative proportions: MA Mean 29 241 191 2,88 247 281 16 358 233 301 1,78 282 32 18 17 21 15 25 2 2 195 j e
_15% sD 1,2 041 021 066 059 074 1 101 1,13 026 033 067 04 06 04 07 03 06 08 08 042 . ) _2 ; , , 5 .
- 507% ME Mean 2,8 2,49 196 2,88 261 299 18 329 221 306 167 282 31 2 14 18 15 24 21 21 283 s FL(43%) >

SD 12 048 052 061 06 069 O7 05 0,76 022 026 0O71 03 04 03 04 04 06 0,7 0,7 041

. Figure 2 - Observation plot on axes 1 and 2.
» 2 kinds of starter culture:

- bakers' yeast, yeast
- sourdough, isco

Five (replicate) breads were produced per combination, and one standard broa
(used as control), manufactured with 50% maize flour F175 (one of the most

common industrial flours used for baking) and with bakers' yeast, was produced in DISCUSSION Gﬂd CONCLUSIONS

each batch as well. Those gave rise to 18 distinct combinations, as shown below.

Table I- Correspondence between baking tests and nomenclature used According to the results of the chemical analysis, one concludes that:

Standard 1 MHDXMA, 16% rye, Yeast 11 MHFxMA, B0%rye, Yeast 21 v" The type of flour has a strong effect on the bread chemical properties

MRxMA, 15%rye, Isco 2 MHDxMA, 50%rye, Isco 12 MHFxME, 15%rye, Isco 22 . - - . « g . . . .

MRXMA. 15% ryo, Yeast 3 MHDXMA. 50%rye. Yeast 13 MHFXME. 15%rye. Yeast 23 v" Broa made with Portuguese regional maize flour (MR) had the highest acidity, which is desirable for its storage and
MRxMA, 50% rye, Isco 4 MHDxME, 15% rye, Isco 14 MHFxME, 50% rye, Isco 24 "

MRxMA, 50% rye, Yeast &  MDHXME, 15%rye, Yeast 15 MHFxME, 50% rye, Yeast 25 Unlque ChGrGCTer . . . . .

MRXME, 15% rye, Tsco 6 MHDXME, 50%nye, Isco 16 F175, 15%rye, Tsco 26 v The type of starter culture had an important role on the final characteristics of broa: the diverse and rather
MRE 50%e Toe 8 MHEAMA 1% e Tos . 18 175 50%me To 28 complex wild microflora contained in the sourdough starter (/isco) resulted in bread characterized by high acidity and
MRXME, 50%rye, Yeast 9 MHFxMA, 15% rye, Yeast 19 F175,50%rye, Yeast 29 high levels of total sugars, dietary fibre and total lipidS

MHDxMA, 15% rye, Isco 10 MHFxMA, 50%rye, Isco 20

v" Apparently, regional maize flour and /sco seem to be a particular suitable process by combination to desired broa, as
SENSORY TESTS: they lead to an acidic bread vyi’rh conseqL.len’rly longer shelf.life » | | |
The samples obtained after baking were submitted to sensory scoring by a trained v On the contrary, the relative proportions of flours (maize and rye) and the type of milling did not provide evidence
sensory panel; all panellists were experienced in sensory assessment, and in for Ieading to a significan’rly distinct character
particular in evaluation of baked products. The properties evaluated were:
1. Crumb appearance .
1.1 Bran in crumb appearance: According to the results of the sensory tests, one concludes that:
1.1.1 Colour, A1 v Although chemically different, our experimental results unfolded no pronounced distinction in the sensory scores,

1.1.2 Amount, A2

113 Size, A3 when comparing the type of maize flour used for baking

v Our results indicated that bread manufactured with MAHD flour (/e. the one possessing the lowest 7%Moisture,
1.2 Porosity in crumb appearance 7Ashes, 7%Chlorides, %Total sugars and % Total lipids, and one of the lowest %Total proteins) exhibited the lowest
L2 L, C5 bran scores in crumb appearance

152 Size, B2 v Bread manufactured with F775 flour had the highest, and MR flour (/.e. the one possessing the highest 7%Acidity
2. Crumb texture to tact and 7%Total lipids, and the lowest pH, %Dietary fibre and 7%Total proteins) had the lowest porosity scores in crumb
2.1 EIas‘ricj‘ry, Ccl1 | appearance
- ,ﬁgrjfl;vses"egg or gumminess character, 2 v Generally, the highest scores in crumb texture regarding the tact were received by bread manufactured with MAD
2 4 Friability, ¢4 v" The highest scores regarding the Texture in mouth are entertained by bread manufactured with MAHF (/. e. the one
possessing the highest %Chlorides, %Dietary fibre, %Total proteins, %Ashes and %Moisture)
> Od°§""1 Global DI v" Bread manufactured with MR exhibited the lowest scores in Odour
3.2 Acidic, D2
3.3 Maize/rye, D3 v In what concerns the effect of type of starter culture, the bread manufactured with /sco (ie. the one possessing
el St highest %Acidity, % Total sugars, %Dietary fibre and %Total lipids) received the highest sensory scores for almost all
" 416lobal, E1 parameters, except Crumb texture regarding the tact evaluation
4.2 Sweetness, E2 v" The highest scores were mainly those obtained for bread manufactured with bakers’ yeast
j-i glfr'fe'ﬁ g v Chemically speaking, broa with isco could be distinguished because of its highest acidity, %Total sugars, %Dietary
4:5 Salt, é’5 fibr'e and % Total |lp|dS
5. Texture on mouthfeeling/mastication v" Conversely, the proportion of rye flour seems to be an important factor to differentiate broa: the higher the
g:é i\'"é?\t;iﬁl},gs or gumminess, F2 content of rye flour in broa, ‘rhe higher the scores in Crumb appearance and in Odour, and the lower the scores in
5.3 Moistness, F3 Crumb texture to the tact and in Crumb taste

5.4 Particles/graininess, F4

v The same happened with the grinding process: even though there was no clear distinction in chemical terms, bread
baked with maize flour proceeding from an electric flour-mill had the highest scores for all parameters, but the
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