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steamed bread prepared using blends of superfine whole sorghum flour
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Abstract: The rheological properties of dough and

and wheat flour were investigated. Superfine whole sorgh our,’ prepared by grinding whole sorghum to a superfine powder, was added to
wheat flour in different proportions: When.the whole sorghum flour content in the flour blend was 5~10%, the values of all viscosity-related
parameters and the time to reach peak viscosity increased relative to the control; when the whole sorghum flour content reached 15~20%, the

values of these parameters decreased, and no significant change in pasting temperature was observed. The water absorption capacity of the flour

blends increased with increasin; le sorghum flour content. When the whole sorghum flour content reached 10%, the development time,

stability time, farinogtaph quali , area of extensograph curve, resistance to extension, and extensibility all decreased significantly
compared th‘ntrol. Increases in whole sorghum flour content resulted in significant decreases in all sensory-related indexes (except for
color). Texture analysis showed that the hardness and chewiness of steamed bread increased, the adhesiveness and cohesiveness increased at first
and then decreased, the springiness decreased, and the resilience did not change significantly with increasing whole sorghum flour content. No
significant‘changes in cell elongation or other indexes measured by image analysis were observed with increasing whole sorghum flour content.
The addition of superfine whole sorghum flour changed the main components of the flour blends, particularly the composition and content of

starch and protein, and had a significant effect on the rheological properties of dough and the quality of steamed bread.
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Table 1 Criteria for sensory evaluation of steamed bread | 4
A Ha P
P2 sv 25 25-(2.8-5v)/0.08
b, R () S 1.51~1.60 54~ 1.61~1.70 44 gy
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Table 2 Effect of superfine whole sorghum flour on the pasting properties of flour blends

NomE MEAE AR RIAE FIBAE RAAEE = AAE A B 8] HiR g
/% /ep /ep /ep /cp /ep /min /'C
0 1348.50+3.54°  888.50+3.54°  460.00+0.00°  1737.50+6.36° 849.00+2.83°  5.84+0.05°  66.95+0.00°
5 1450.00+53.74°  938.00+28.28"  512.00+25.46"  1882.50+85.56™  944.50£57.28"  5.93+0.00°  66.50+0.64"
10 1622.50£7.78"  1018.50+4.95°  604.00+2.83*  2120.00+77.78"  1101.50+£72.83*  5.93+0.00°  65.98+2.37"
15 1466.00+32.53"  934.00+24.04°  532.00+8.49°  2043.50+102.53  1109.50+78.49°  5.90+0.04"  67.73x1.17"
20 1451.50£0.71°  929.50£2.12%  522.00+1.41°  2002.00£16.97°  1072.50+19.09° 5.87+0.00°  66.90::0.14°

i AR BFEEAT p<0.05 KFLERSE. TH.
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Table 3 Effect of superfine whole sorghum flour

g% BAKE/ % A% M AT ] /min A2 B 1E] /min 354v.% /FE LR
0 58.60+0.85° 3.75+0.07* 7.69+0,05% 79.55+2.19° 79.60+1.98
5 59.50+0.71* 6.70£0.08" 85.5043.54% 71.50+2.12°
10 60.65+0.92 6.21+0.03° 91.65+2.33 64.00+1.41°
15 59.75+1.06® 5.41+0.12¢ 90.70+3.82° 51.5043.54¢
20 60.90:0.14° 5.01+0.04° 92.25+4.60" 36.65+1.91°

x4 SRBHESHMIIEEH LRI

Table 4 Effect of superfine whole sorghum flour on the extensograph properties of flour doughs

HE /% BE & B 18] /min Jadw it 25 8 A% /om? ¥ e A /BU &P /mm Fidd )

4 66.05+4.17° 196.10+7.21% 176.30+6.08" 1.11£0.01%
90 70.10+5.80° 218.15+8.70° 174.25+7.42° 1.2540.01%
135 63.15+3.04% 194.15+5.87% 175.35+7.57° 1.11£0.01%
45 50.12+4.41% 175.06£9.98>% 151.15+5.87° 1.16+0.02¢
90 58.25+5.30 188.11+11.47"¢ 148.15+5.44° 1.27+0.03
135 52.06+4.32 179.20+10.18%% 152.05+4.31° 1.18+0.03%
45 47.18+4.49¢ 156.35+14.64° 148.15+8.70° 1.05+0.04°

10 90 42.07+5.56% 168.40+16.12¢%f 143.10+£7.21% 1.18+0.05%
135 44.30+6.08% 163.15+15.77%f 140.06+8.56>¢ 1.160.04¢
45 33.25+4.60® 146.06+14.22% 131.35+7.57°% 1.11£0.04%

15 90 33.08+5.76' 144.40£16.12% 127.205.94%F 1.1320.07°%
135 34.15+5.87°% 135.20+15.84%" 121.304.67°% 1.11£0.09%
45 22.10+5.80" 122.30+11.74" 116.20+8.20% 1.05+0.03¢

20 90 29.05+5.73% 132.15+14.35%" 108.15+5.44%" 1.2240.07°%%
135 29.06+4.33¢" 128.05+14.21" 101.06+7.16" 1.27+0.05
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Table 5 Effect of superfine whole sorghum flour on the sensory quality of steamed bread

BAE/% B SAL CAES LALRLEM)

0 15.38+0.25" 15.00+0.00° 9.33+1.15" 8.67+1.15"

5 12.10+1.30° 11.00+1.00° 9.67+0.58" 8.67+1.53" y

10 11.00£0.10° 10.000.00° 9.17+0.76° 8.00+1.00%

15 11.57+2.05° 7.00+1.73° 9.33+1.15° 7.67+0.58%

20 9.00+0.25° 7.67+1.15° 8.50+1.80° 6.67+1.15" -
BE% A R Kok faithok B

0 8.83+0.29" 8.83+0.76" 18.33+0.58" 142.40°

5 8.67+0.58° 8.67+0.58" 1767053 76,4385 1%

10 8.33£0.58" 8.67+0.58" 17.6761015° 7 73.00£0.95%°

15 7.00+1.00° 8.00+0.00" 14.333.79% 64 57+7.99

20 7.00+1.00° 7.67+0.58" 13.33+3.06° 60.17+6.77°

5. HIFR 5 WAL BEE ARSI RN, 55X

.

T SR R D A X U S SR B RS2 4 R LR < (5~10%), [ S S Sk BAT FE L R R

WL, B EPEah, SITURE FORRR 5 S b5 BB A,
AR RIS T T R O &, T
R TR S B AT R 2 ), Tl
SR U, ki e T
Qe RBE, BN, L
PRI T, BRI oA
AR TR A B BRI (1, &
PEAR SR T R IAS T (5 19 2 A
RO TR R 0 T4 B 1 € PR e
Fil. B A AR, PESkA R /) 5
ERRE. AR
R KR, 4t
Ve EZ GV T ERC NN ST
ﬁ%%%% HRTRE 2 (B E A B
PR 2 I G B Ak PRSIV ) B LR I,
RO T LA A R A B TR 5341,
B VR 502 0 A R B B T e

25 B B w3k 0B

R A S A s 5 R L3R 6. HH
6 MK, BEE AN ISINENE N, SRR,
1% SK PR RE T FINE g4 S 38 . 78 TPA 3, AL
TR — IR PRS2 BB KB T, Ref8 I,
S P X S PR B (B, LR ) s
PRIFEOR, —H A A 5, BB AT
FVESERINE AR, X Sk S m Fe sl AR
H, XTReRFEAERA—RE, RS, AhEiRae
M INERARATE MRS 3 — IR 5
REW F IR RS, RIS VRSP RS — IR 41t
FEH [l R

& 6 1IN, S2AMEL, BRI EA LM
A, BPERHIE, X 53R S TR BRI AR
H—35, RIFTENEL TPA ML TS R 3 FR bR —
SEFERE B AT DU WU E PP A (N2,

* 6 SRBHEMIERFARIFN

Table 6 Effect of superfine whole sorghum flour on the texture of steamed bread

TE/% AN HE R /m] AP -c e A /N = A
0 7.70+0.96° 0.39+0.07° 0.69+0.02¢ 0.84+0.01° 4.48+0.57° 0.38+0.01¢
5 8.9740.57 0.3240.03° 0.76+0.01* 0.85+0.01° 5.76+0.26° 0.44+0.01°
10 10.9740.97° 1.01+0.03 0.74+0.02% 0.83+0.02% 6.67+0.51% 0.39+0.01%
15 11.54+1.33° 0.64+0.05° 0.730.01% 0.83+0.02% 7.00+0.90° 0.42+0.01®
20 14.90+0.79° 0.30+0.09° 0.71£0.02 0.82+0.01° 8.59+0.39° 0.41+0.01%
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PN AU G5 ) o VA 188 S AR T B 55 R 2 T 1) i )
HERb —. IR, BEETFENE AR AR, B
A PR AR AT 46 B T T 1 it N S0P 45 4 1) )
Bro FABSEP VR R ETREESLE, ] Matlab
AT B HEAT AL BE, 25 AR EUR i e i AR I
Mgk NS ALEE R S . (R TGRS 118
AL, PR ALIIAR S SAL S R AR R g

S HEEAIR. HPE Calibre Control International 23 )
WA C-Cell B 3 M ACnT AR i 7 1y G474k
BRI T, RIS R LGRS R RS
S, BRAE T AT 1 b (1Y) A SR SRR S R A TR A T 1)
TN, BT C-Cell BUE BTN i 88 Sk N
IRSERLE BT 0T, HES ISR, gk 9 MU
PERHESHON LSBT VY, S5 RNAR 7. R 7
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Table 7 Effect of superfine whole sorghu

AT, B AR A R IR O b, 5 AT L
YU EERE ALK LR, A FLECR R IL 2 R T
WA, BEIE. SALER. H4ISILHA A A LAY
SEEIN, SPLER % R AK.

Y FERES R UL B AR R 1 TR IR B (0~255) 0
FTMGEREY, FEEERSNTMERN, 5
BIBIEIE, SEREEME: F4h, SILERE.
HAV LA AL AR, ROk iU SR
B UG P AR IS, B SEERE AT, S
FURT L E AL P40 P 5 F LB P48 20 T L
{8, *ELEE RIS FLINTRELYST. FLBER e
fF. HIF T A, EERAK VR R
&, WA g, K
FRJE S FLEE AT
1. SALBEER A S
PP BB~ B0 LI R R AE L
WK, (A ) AT . £ 7 15
R ER AR ORI IR K.

/i

LA BEELE RIS
ur on the intern&re of steamed bread
L s JB-/px AALAHAZR/px

HTAE% 2L AUt R
0 140.73+0.64° 0.813+0.001° 3700£102° 2.76+0.05¢ 7.68+0.19°
5 93.57+1.21° 0.698+0.012° 3052+92° 2.79+0.10% 8.05+0.36°
10 78.130.61° 30071542 2.85+0.04 7.98+0.29°
15 65.00£0.36" 2420+98° 2.92+0.01° 9.07+0.39°
20 54.53+0.42° 2318+113° 2.89+0.07 9.830.30°

TATE /% MmEIU,. MAIURRDY  AILERE ASUEE(AMpx)
0 0.078+0.016° 4.10+0.13¢ 1.54+0.01° 0.022+0.001°
5 0.080£0.009° 5.54+0.44° 1.5340.01° 0.021£0.001°
10 .076+0.008" 6:20::0.40° 1.54+0.01° 0.018+0.001°
15 .1010.018™ 7.62+0.57° 1.53+0.02° 0.017+0.000°

A .109:£0.018" 8.68+0.58" 1.52+0.01° 0.018+0.001°

i ?‘%— LAMEE#95h 0.147 mm,
3ﬁé§% SRR

3.0 SEEADZEALL, IR e A E A
BIEAS, BEEA4E SRR, T SCREEn L,
THNEEE AR N RA t I DIREVER Y . i
SRR PN R I R A T S M A I R
IR (5~10%), i Ak ve Sk B AR BT Ik
BB MR, R R IIRR R R
BlHR, AR THE— PRI, S8k, A
INTINBAA TR TR A9 2 A 1A, PRSP PR AR 2
PRI, fE et kA, T BB RIS
WO S5 A 8k b 5T, BT AT PLE— D e e

32 FESSEMEA NI TR &8 2 E
RSN AR S AR S 6, X T AT A S
P RS i A RO . BEE = i N
RTINS TURS LA AU A TF] S B0 S
TG BRI S, BRI AN K. it as
K NIV £k BB AT BT N, R )L A&
SEMFIAL, KB, m R 2 mAR . SrfipE 7oA
IR EERPEAG. i R Sk A A 2, 3 B
BRI I SR 25 AR, S AT I 2 254 T
REBRHAEAN Py SRR S IR BEAG, (RIS TC B AR AR
T, SRPERRAR. RSk RS R B 7 Hr FRARRR <
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