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Abstract

Bread is the main category of Iranians food that supply daily calorie and protein. Lavash flatbread consisted about 34%
of total flatbreads produced in Iran. Large quantities of bread are wasted every year because of poor bread production
technologies. The main objective of this study was the developing of a flatbread baking machine by changing from
existing conventional direct heating system to indirect heating system and evaluation of the produced flatbread quality.
Bread baking were conducted with both system and the instrumental, sensory, and staling characteristics of the produced
flatbreads were evaluated. The effect of baking methods and storage time on the quality of the breads was significant and
the bread produced with the indirect heating system had higher rating and longer shelf life compared to the ones produced
by the conventional machines. In the indirect heating machine, there was acceptable uniformity on the baking bed as view
point of heat distribution and baking uniformity. The variation of puncher force with 10 mm probe in the 5 layers of bread
indicated that the surface firmness of the bread increased after 48 h of storage. In addition, in the first days of storage, no
differences was observed in the puncher force for bread produced by two machines but during the storage, the firmness
of the breads produced by indirect heating machine was lower than that for the direct heating machine. Also, the bread
baked using the new machine was free of any contaminants such as PAHSs.

Keywords: Flatbread, Indirect Heating system, Industrial backing, Kramer shear test, Puncher test, Sensory evaluation
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Fig 1. Different components of the baking machine; a: upper heat exchanger, b: lower heat exchanger, ¢: main chassis,

d: baking bed, e: upper heat exchanger burner, f: lower heat exchanger burner, g: baking bed, h: outlet chimney of
exchangers; A: front view and B: 3D view
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Table 1. Specifications of the indirect flatbread baking
machine designed in this study
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Fig 2. Location for measuring temperature and air velocity in built-in exchangers; A: upper exchanger and B:
lower exchanger
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Fig 3. Location for measuring temperature of baking bed
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Fig 4. Surface temperature of baking bed
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Table 2. Assigned scores by a sensory panel for the listed sensory attributes and their calculated weights to
evaluate the sensory characteristics of different flatbread samples at different storage times
G) ok )yl el (uSilno

Mean sensory evaluation scores (G) SR B9 Syl
CelwPA pmcelo VY g celw FA G celo YF coy g, ob Weight ol s 9
kg 3l o oy iy iy Baking Baking  coefficients Attributes
168 h after 72 h after 48 hafter 24 h after day method ()
baking baking baking baking
3.63 3.63 3.83 4.00 4.25 A S 900
4 F dsh
3.92 4.00 4.25 4.04 4,33 (;l;;r:eg?ab'is"glpe
3.92 4.00 3.42 4.13 4.50 A B9 g Sluogas
3 Upper-level
4.00 4.25 433 4.29 4.42 B appearance
acceptability
3.50 3.83 3.67 3.88 4.08 A o) b Sluogas
3 Subsurface
3.92 4.00 4.00 3.83 3.83 B appearance
Acceptability
3.63 3.63 3.79 4.06 4.25 A Jols g (S
2 Texture -porosit
3.04 3.17 3.33 3.08 3.42 B intengity y
3.17 3.17 3.25 3.71 3.83 A bl (g0 g (i
2 Texture — hardness
3.29 3.54 3.54 3.73 3.33 B intensity
3.67 3.58 3.83 413 4.50 A Ob e cabls
1 Texture — hardne
258 2.92 3.25 3.33 3.58 B X uimensity 5
3.88 3.79 3.88 4.23 4.42 A Oloyegpab g
5 Flavor, taste, odor
2.71 2.88 3.08 3.58 3.50 B acc’eptan’ce

s D)l by, 4 Sy By e 8 &l g, 4 oy A
A: Indirect heat baking method; B: Conventional (direct heat) baking method

b @yl Jowe mhaw lod g 19 lod T Jgur
Table 3. Air temperature and surface temperature of the upper heat exchanger

“©C) Aol 35 50 50 1gp Gloo °C) Ayl mbw oo G501l oo

Air temperature in the Pip surface Measuring
center of the pipe (°C)  temperature (°C) point
865 310 6
950 410 7
825 320 8

Sl @5l Joawe whaw sbod g 192 lod —F Jgur
Table 4- Air temperature and surface temperature of the lower heat exchanger

(°C) dlgd 35 5o 0 192 slos C) Ayl o glod

. ) . S50l oo
Air temperature in the Pip surface Measuring point
center of the pipe (°C) temperature (°C)

450 285 3
460 300 4

520 310 5
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Table 6. Mean comparison of punture and Kramer
shear force at different bread storage times

09031 30 Gy 59 (N) 595 (59 55 &I o
(N) yol )5 Punture Bread storage
Kramer shear force force time
472 ¢ 2.3bc “‘“’, 39)
Baking day
495°¢ 211e SRIom el
24 h after baking
Soom el FA
516 2.4 ey
48 h after baking
5830 pgam  SRIomeeleVy
72 h after baking
S om cele PA
6822 3.06 2 e
168 h  after
baking

Sl 2o, 0 Jlaizl s (o lo pxe @glas 3929 oaime (jlis Wglaie g >

Different letters indicates the significant differences at 1%
probability level.

PRI Y IR A
Jyame (o a8 ol Gl alS Gop Gsasl 5l Jole mls (2L
s 55 (s )loicine Sl sylel Sl ol ey by, g0 5l Sl
Oyl ey 4 aS 2ol (Y Jgaz) o)l gy wo s Sy Jlexm|
S (9 O (i (598 lo Wiog o0l wlgi s 8
(925 00 ) pedins (B> (g 4 00 sy Sl 4y o
Wgy b 9o 2 50 Sin o 5 Lol IS Loe Job o iog
Sl b o 4y b o 45 g pebay (1 -0 US3) cusls iyl
VYR @ OVY 51 o 695 0,5 by Rl BI L (A) oiitns 8
il 58l 39 FFO 4 FYY 51 B) e (9, b 06 50 5 g
S Jlail gl 3 5)losme S 0L 65K ploj iz pea
GO 5 e g (V Jgaz) Sudls (0l 93 12 (B (598 (595 203
sl Copatt] Pl iS5 ) 55 sl 00 gy 0] St 5 2l b
OU 59 2 )0 G Go sloie (5l el A L ey 5, 5 a8
elo FA L Slo (ml3dl 5 g0, (mals § conl aBls auli8l ol
Sl YA L &3y 595 50 5al)S (o a5 Om S o9kt 09 (25>
@ celo YA 51 Jg . (F Jgo) 0,J05 0929 (5,0 s Dol (5l
S & Sl ooy g3gre U 635 Al g A (S9 SlpesS e
0391 0b 95 1 (sl 6K A oy IS Sl FA sy oo

b Sl o905l s -F-¥

dgdi ug.o)T -)-y-v

) o e o 45 313 ol 5 03] ol b )
0 Jlixl gl o (5500 sme Sglis (5 lel S 5l b ey by 90
Do 551 36 (g o)l 9525 gy 3985 4y Caaglie 9550 50 w0
Mogme 00,0 B Jloiml mhaws )3 03585 (5925 59, U 6, b
O Jgox) 392
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O o5 g9
Table 5. Summary of ANOVA for puncture test of
flatbreads
xS
Olry po (uSSleo " Oy 2o
MS >3 S.V.
df
0.026 ™ 1 | ERO
Baking methods
0.042* 4 SRS oloj
Bread storage time
SIS oy x By b
0.002 ™ 4 Baking methods  x
bread storage time
0.013 20 s
Error
29 &
Total

poe g 0oy O Jlotol gl ) o gine B 252y il iy 4™ 5
el Hlo e BB 5529
*Significant difference at 5% probability level, ™ — no
significant

TR 0% Sreke V0 2on 398 ln Y 9 Oliee Sl

alazde a5 5,0l len sl 0als ools lad 1-0 S o oL 5l a4y
adgl slajs) yo lapbiar g Soii 595w Jlade (U 93 12 )3 098 os
P9 0 055 (b ke 5l g AL Slaiz e (o)l
N5y LIS 6 S 5l G el FA LT 5o 9 (58 Al
Pl aw thw Koo S)le & ol G lom ol g S39me
Jol soje, 10 iz ed ol alils oiol58l wig, a4 FA celu
Sy Ghe) 99 Ot Pan S Sox 40 (swsmie Sold (65l
sl 5k )90 (5958 455l loy CBISTL (Jg Cesl ounis ovsline
Oy 3l i el Ol b oeadaisy 06 0 g d98
O Segllas Jlie 30 5 (6 ol (o (s ;0 45 392 pdiione ol
Ob o Sle gy Koo Ojle 4ol i juf Ol L odlds aisy
Janz .l 00 sl pulins e Ol 5l oolanl b ool aizy
OB 39k 595 S35 55N loy e b (Sl alite ls 7
oS sl el FA 6005 atgy sle ool ol 2 o o ol
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Fig 5. The effect of baking method (A: indirect baking and B: direct baking) and bread storage time on the force
recorded using Kramer shear and puncher test
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Table 7. Summary of ANOVA for Kramer shear force of flatbreads

e
Olayyo (1o i Ol 2o
MS ¢ SV.

df

80251 1 | TRow
Baking methods
. s Lo
71984 4 SIS oo
Bread storage time
Gl ploj xS
19417 4 Baking methods x
bread storage time
7747 40 s
Error
49 &
Total

sl I re B 0929 pae 5 duoyd) Jleil grlaw )0 Jlo sime B 0524 il o 5 4™ X
“Significant difference at 1% probability level, ": no significant
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Table 8. Summary of ANOVA for the overall
quality index of the flatbreads

a0

Wiz yo (uSileo - Ol i g0

MS &l sV

df -

8.945™ 1 oy hey

Baking methods

6.739 ™ 4 SIS oo

Bread storage time

1.445 4 SIS ploj xey ()

Baking methods  x

bread storage time

0.603 110 s

Error

119 Js

Total

oy 0 g ) Jloiol e oI5 cne S 352y Sl e 4 5%
Sl

**and " shows the significant difference at 1% and 5%

probability level.
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Fig 6. The effects of baking method and storage duration on bread quality index (different letters indicate a

significant difference at 5% probability level); A: Flatbread baked with indirect heat, and B: Flatbread baked
with direct heat
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