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Effects of Heat Treatment on the Quality of Waxy Dough and Bread
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Abstract: The pasting and baking properties of waxy flour under different heat treatments at 100 or 120 ‘C for 60 , 90 min
and 120 min were analyzed by RVA, DSC and TA, respectively. The results showed that (1) compared with the control group
without heat treatment, the water-holding capacity and pasting properties of waxy flour were enhanced after heat treatments.
The pasting parameters (peak viscosity, breakdown viscosity and final viscosity) were higher than those of the control. But
when waxy flour was thermally treated under specific conditions (100 C), dough setback showed a downward trend. (2)
DSC results showed that both 7, and 7, increased with longer treatment time for all samples, and A H gradually decreased
along with heat treatment time. The gelatinization temperature range was narrowed after heat treatments. (3) after addition
of thermally processed waxy flour, the specific volume of waxy bread was increased. For 100 ‘C/120 min heat treatment
group, the specific volume of waxy bread was increased from 4.26 mL/g to 4.87 mL/g by 14.32% when compared with the
control group. Heat treatment could be beneficial for reducing the hardness, gumminess and chewiness of waxy bread. The
lightness for bread made from heat treated waxy flour decreased with the extension of heat treatment time and increase of
heat treatment temperature. Bread with 30% substitution of waxy flour treated at 100 “C for 60 min showed the best sensory
quality.
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Table1l Basic components of waxy flour and high-gluten flour
%

A A Ko E=1 VEAY WA E R Koy

Ry 13.37 12.16 68.79 6.60 0.57

JiE ) 14.12 10.93 68.54 8.37 0.56
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Table2 Effect of heat treatment conditions on the water retention
capacity of waxy flour
%

i S KR C

BB g 30 50 70 90

M 1412 802600200038  99.8300:0.0060° 2812800:0.0012° 3719500:0.0077
100C, 60min 834 86.0700:0.0087 102.6800£0.0010° 282.1000£0.0038° 378.6700£0.0053°
100C, 0min 429 85.6700:0.0154° 103.8000£0.0027° 285.5200£0.0073" 398.8300£0.0074°
100C, 120min 046 84.2300:0.0088° 104.8200:0.0049° 291.5700:0.0091° 401.51000.0087°
120C, 60min 673 82.1500:0.0078" 104.6000:0.0046° 2819400£0.0085° 447.080040.009¢°
120C, 90min 392 85.5300:0.0032° 105.2900:0.0068° 291.0800+0.0049° 461.1700+0.0087
120C, 120min 025 83.610060.0050° 113.6900:0.0028° 299.5600:0.0046° 479.9400:0.0087¢
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Table 3  Effect of heat treatment conditions on the pasting properties of waxy flour
WA B YiRRAE/ LA [l 7HE/ WG . . . .

MEEE mavu gRVU RVU JERVU RVU FEIC I/C Iyc LS I=T/C  AHllg)
XL 161.124£0.62°  62.2940.76° 9884+ 1.16° 101.25£1.00° 3896+2.17° 58344005 58144012 65424018  7271+£0.11°  1457+£0.12° 0.165040.01°
100C. 60min  17520+1.88° 66.25+1.76" 108.75+0.75" 104.50+1.17° 38.04+£0.04° 58544011 58344022° 65.68+0.14° 72714020 14.374£0.19" 0.1096+0.01°
100C, 90min  183.29+1.04" 68.661047" 114.62+0.70° 105.70+£038" 37.04£0.04°  60.07£0.07° 60.11£0.10° 66.36+0.08  7329+0.16° 13.18+0.07" 0.0938+0.01°
100C, 120min  174.00+1.83" 67.20£0.29° 106.80+1.62" 103.17£0.50" 35.96+0.29" 60.88+£0.06° 61681028 66484033 73384023 11.70+0.41" 0.082040.00°
120C, 60min  288.42+2.50° 109.09+£035 179.334£2.25° 155.34+0.16° 46.25+0.08° 59.94+0.08° 60.08+0.50° 6591+0.07 72.75+021" 12.67+£045" 0.105040.02°
120C. 90min  314.8+420° 125.16+2.11° 189.71+1.50° 175.62+2.20" 50.46+0.71° 61.09+£0.09° 61.24+026° 66294020 73.09£0.07 11.8640.19" 0.082740.00°
120C, 120min ~ 328.25+2.17° 140.3354+1.53° 187.9241.08 208.16+1.58° 67.83+0.50" 6121+£0.10° 62.64+0.62° 66224+0.14 72.184020°  9.53+£0.80° 0.076140.03"
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Table4 Effect of heat treatment conditions on the specific volume and
lightness of waxy bread
ALK H%/(mL/g) L a b
XA 42600.035  81.560£0.205°  0.070+0.000°  15.800+0.090"
100C, 60min  4.050£0.067°  80.300£0.210°  0.090£0.000"  16.170£0.155°
100C, 90min  4.770£0.030°  79.350£0.059°  0.110:0.006"  16.470£0.015°
100C, 120min ~ 4.870:0.167°  784900.044™  0210£0.013°  16.920£0.080"
120C, 60min  4.153:0.063'  80.200£0.975'  0.400£0.021"  17.850£0.450°
120C, 90min  4.590+0.026°  77.650:0.230"  0360£0.010°  18.240+0.108°
120C, 120min ~ 4.743£0.161°  76.380£0.005"  0.32020.000°  18.390:0.792°
242 JRIFEE
£S5 ARRACE &SR E QRN
Table 5 Effect of heat treatment conditions on the texture of waxy bread
A /g Rt /g FH /g
Mo IR 333.984+0.230"  224.678+0.888"  199.518+1.296"
100C. 60min  324.314+0.464°  222.281+0.416°  191.546+1.420"

167.659+0.985°
131.162+0.868"
175.568+2.164¢
149.346+1.152¢
122.483+0.760"

180.182+0.386"
152.501+0.794¢
200.323+0.856"
173.690+0.666"
138.636+0.317¢

280.454+0.938¢
216.530+0.780"
282.939+0.192¢
254.261+0.534°
199.537+0.631°

100°C. 90min
100°C. 120min
120°C. 60min
120°C. 90min
120°C. 120min

—E AL BE 2% AF 2 PG T B I BT R 1k
AMNE I o AR T B AL A ELLARALE s 5 T S 2
REGAHR . HRSATA, b FRAL 15 22 16 ) i 5
IR —RORBL, 220 BRI E K T20% 0,
TR IARE BEE K, I8 R R ZE o T R 1 ML R 1 [
WERE—FE, ST BRSO 5. I A AR T DL



Pl e - AV E—] o
24 2013, Vol.34, No.23 BERit=z XIERMETE
KK e AR 22 T B 1 Jle 86 P RTREL IR o A #E100°C 64 ZE MR-
T Ak 120minFh kb BE RG22 8 ] 4 B T B LR &G AN
Lo - . (11 ZUK, molkk, XBIEK, 55 KGN 22h 5 E /N 2op o i AL etk
WEL WG 78 L X 2 73 T A T 47 % M63%, BROK 50 T s 2 (L], R 5 0L Toll, 2005(5): 14-16.
i 1 1k [2]  WANISKA R D, GRAYBOSCH R A, ADAMA J L. Effect of partial
e waxy wheat on processing and quality of wheat flour tortillas[J].
243 TH AL PES Cereal Chemistry, 2002, 79(2): 210-214.
[31 GRAYBOSCH R A. Waxy wheat: origin, properties, and prospects[J].
. Trends in Food Science and Technology, 1988, 9(4): 135-142.
®6 £ Iﬁjm'ﬂﬂmﬁiﬁﬁﬂﬁﬂmﬁ.ﬂ% [4] BHATTACHARY M, ERAZO-CASTREIN S V, DOEHLERT D C, et
Table6  Sensory analysis of waxy dough bread with different heat al. Staling of bread as affected by waxy wheat flour blends[J]. Cereal
treatment conditions Chemistry, 2002, 79(2): 178-182.
#1‘ - Y I ) = 7 [5] HAYAKAWA K, TANAKA K, NAKAMURA T, et al. End use quality
AT AT %X)i @’Jt R ﬂi HE B W%:fﬁ — ﬁb of waxy wheat flour in various grain-based foods[J]. Journal of Cereal
i HEZH 6.70 7.83 6.83° 6.33° 6.67 34.17 Science, 2009, 50(3): 364-369.
100C, 60min  7.75°  7.58° 7.25" 667"  7.50°  36.75° [6] KIM W, JOHNSON W, GRAYBOSCH R A, et al. Physicochemical
100°C. 90min  6.90° 7.16" 6.75%  7.33¢ 6.75¢ 36.83° propgrties e;nd end-use quallity of Whgat starch as a function of waxy
100°C. 120min 625" 708 717 7250 625 34.00° protein alleles[J]. Journal of Cereal Science, 2003, 37: 195-204.
120C . 60mi 680" 742 676°  6.50° 6.92° 440" [7] LEEML, .SWANSON B G, BAIK B K. Inﬂl-lence of‘amylose content
~ bUmin . : : : . ‘ on properties of wheat starch and breadmaking quality of starch and
120°C. 90min 625"  7.00°  6.58"  6.67° 6.17 32.67° gluten blends[J]. Cereal Chemistry, 2001, 78: 701-706.
120°C. 120min  6.08"  6.42°  7.00° 7.17% 625"  32.92° [8]  GELINAS P, MCKINNON C M, RODRIGUE N, et al. Heating
o conditions and bread-making potential of substandard flour[J]. Journal
s 30% KK B AUAL. of Food Science, 2001, 66(4): 627-632.
[9]  WOLT M, CHIGURUPATI S R, PULVERENTI. Method for heat
Sof AN 5] 7% 00 A [5] B A TP 0 220 4 4E W ks 25 T A, tsrjggi;g;;]re;iggt;alai;% ;vheat flour and resulting flour and dough: US,
AT B . HR6W A, £312100°C 45 AL 2 60min Al [10] SHI'Y C. Non-cohesive waxy flours and method of preparation: US,
o B S oy | 4 0041918[P]. 2009-02-12.
90min (¥ 22 M5 1 1 L F 1T R AN (EL AR5 R et 20 [11] PURHAGEN J K, MALIN E S, ELIASSON A C. The use of normal
i, H AN RS A 20 ok Pk B 2H 1R 1) B AR L G B 3B and heat-treated barley flour and waxy barley starch as anti-staling
) . B 2 agents in laboratory and industrial baking processes[J]. Journal of
ez, BRI, JLHZ4E100°C 4 60min Food Engineering, 2011, 104: 414-421.
10} *%%ﬁ@“ %Mgﬁg %gﬁz‘j = if('nx" NN %'L'ﬁo [12] PURNA S K G. Understanding anfi improving functionality of waxy
flours[D]. Kansas: Kansas State University, 2010.
[13] BB, AR5, TR, 55, il A B SN Rt TH A 25 BE R LI 52
3 72 i M [J]. Ak THE 4R, 2009, 25(5): 99-302.
[14] GELINAS P, MCKINNON C M. Effect of flour heating on dough
rheology[J]. Lebensm-Wiss u-Technol, 2004, 37: 129-131.
SN LA " M E [15] ZAVAREZE E D R, DIAS A R G. Impact of heat-moisture treatment
*ﬂp % Zid— iE 5K /ﬁ: E/] AU S, H ﬁﬁ ft % r S and annealing in starches: a review[J]. Carbohydrate Polymers, 2011,
I L [16] ?ﬁﬂﬁfﬁomm M, MATKOVIC K, GRIER D G 1
> s , et al.
EARIE 1E SETE A — AR E N, BE G A b R [A] 1) 42 Physicochemical and functional properties of tetraploid and hexaploid
K % + GFa A LA NS . AR Rl P b TR waxy wheat starch[J]. Starch/Stii}'ke, 2004, 56: 339-347.
K WL LIRS WAL LS ”ﬂﬁ?fkk (170 BB, /500 (0 B 8 I AT €0 o T 4 T
Y 2050 FRDR PG K% B B A A AL BRI ) 52 T ke 95 o A2 v 75 Pk R (G SUID]. A E: BRI K, 2007,
J ¥ [18] WADUGE R N, HOOVER R, VASANTHAN T, et al. Effect of
oy v R 0 — g B 20 i A PR KRG 228 T DL 3 RO A : : : :
B2 ™ annealing on the structure and physicochemical properties of barley
A A I NGEREZ AN, BhEninTandt ;tg(;zhf;sg oggva;;ying amylase content[J]. Food Research International,
100°C # AL #60minF1120min H‘]ﬁ%%*ﬁ H *%%ﬁ@; £f] ﬁ% [19] LIU f{ S,. YI; L,- GEORGE S, et al. Effects of annealing on gelatinzation
}:;.E . H 19 Zh M F l]ﬁ? 1 PR N2 it 3 4 K % A0 anfi microstructures of corn starches with different amylose/amylopectin
ratios[J]. Carbohydrate Polymers, 2009, 77: 662-669.
i, 1H /& [ HAb P A A 2B ,k@/mrmﬂm , [20] ROLANDO G, ENZO T. Amaranth starch-rich fraction properties
*’%ﬁiﬁ@, ¥ éh:;)tgﬂﬁ ot T A, £ ﬂﬂfﬁ:ﬁET E {15 modified by high-temperature heating[J]. Food Chemistry, 2007, 103:
. Al Al
927-934.
EARBEVEER I, Iingik100°C 1.‘\Lfi60m1n*ﬁﬁ§*ﬁj\ [21] SAKONIDOU E P, KARAPANTSIOS T D, RAPHAELIDES S N.

1 RO 22 T B Bt B, e R T8 %

Mass transfer limitations during starch gelatinization[J]. Carbonhydrate
Polymers, 2003, 53(1): 53-61.





