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Abstract: To analyze the effects of five kinds of coarse cereals, namely quinoa, highland barley, black rice,
triticale and oat, on the glycemic index (GI) and quality of steamed bread. The 5 kinds of coarse cereals were
incorporated to steamed bread at proportions of 10%, 20%, 30%, 40% and 50%. The GI values of the
steamed bread were measured through a GI20 automatic in vitro simulated digestion system. The effects of
the coarse cereals on the sensory score, color, texture and other quality related indicators of steamed bread
were analyzed. Compared with ordinary steamed bread made from regular wheat flour, with increasing
proportions of coarse cereals, the GI value of steamed bread gradually decreased. The sensory quality
declined, with lower sensory scores, the internal structure gradually became rough, the hardness increased
and the brightness decreased. Under the condition that the sensory score was greater than 75 points, the
maximum permissible addition proportions for quinoa, highland barley, black rice, triticale and oat were 10%,
40%, 30%, 60% and 30%, respectively, and the corresponding GI values were 79.94, 67.49, 72.45, 69.61 and
74.52, respectively. The coarse cereal steamed bread made with 40% highland barley flour substitution had
the lowest GI value, the best hypoglycemic potential, the highest dietary fiber content, and good sensory

quality. This study provides a reference for the development of coarse cereal steamed bread with blood

RENT

glycemic regulation ability.

Key words: coarse cereals steamed bread; highland barley; low glycemic index; quality evaluation
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Table2 Effectsof quinoaon Gl value and edible quality of steamed bread

AR weipss GUE W% (mUg) L i
% /N SO LR /% L a b
0 90+£0.00¢  81.76+0.97° 2.29+40.03°  32.2240.53°  27.99+0.39 89.54+0.41" —1.03£0.13*  12.48+0.82°
10 80+3.46° 79.94+0.65 1.96+0.02¢  49.06+1.18"  34.36+0.54" 83.18+0.73° —0.71£0.14°  18.15+0.30°
20 74£3.51° — 1.91+0.02°  57.49+3.14°  34.02+2.18"™ 80.93+1.06% —0.38+0.15°  19.71£1.02°
30 71£2.00° — 1.75+0.04°  70.51+5.91¢  35.46+0.91° 76.74+0.63°  0.23£0.09¢  23.19+0.79°
40 62+2.00" — 1.62£0.06°  77.52+£5.92°  33.02+1.14° 75.18+0.94°  1.51+0.12°  21.41+1.21¢
50 58+1.00° — 1.51£0.04*  90.71£5.01°  33.57+0.94° 72.35+1.11°  1.87+0.30"  22.15+0.60%

e FAIAR/NE FRERFEZE TR (P<0.05), KR,

Note: Different lowercase letters in the same column indicate significant differences (P<0.05), the same as below.
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Fig.1 [Influence of different quinoa additions on the
appear ance and internal structure of steamed bread
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Table3 Effectsof highland barley on Gl value and edible quality of steamed bread

N s . JBiHs o
R /% BEIES GI & tb%¥/ (mL/g)
1 JiE/N TEUH L /% L a b
0 90£0.00°  81.76£0.97°  2.29+0.03¢ 32.2240.53*  27.99£0.39®  89.54+0.417 —1.03£0.13"  12.48+0.82°
10 83+£2.52°  79.27+0.42%  2.13%0.04°  32.35+0.42%  28.66+1.23"  83.55+0.94° —0.13x0.26"  14.39£1.20"
20 81£1.00°  75.11x0.47°  2.12+0.02°  33.57+0.30  27.00£1.23*  79.22+0.20°  0.69+0.24°  16.99+0.18°
30 79£0.58*  71.23£0.09°  2.09+0.06° 34.09+0.06°  28.75£0.61*  76.86£0.49°  1.62+0.26°  18.81+0.48"
40 7543.51°  67.49+1.05°  1.87£0.02°  36.49+1.40°  27.79+0.47"  74.19+0.69°  2.45+0.24°  20.22+0.53°
50 68+4.36" — 1.69£0.06°  39.38+0.85  29.79+1.52°  71.26£0.22°  3.30£0.25"  22.09+0.54"
N : \ I3 MTRETFEIE 75 /R B K E LT GI
a4 DR, B ORI 0BT
, " s . sk GI (HB MW P, 30%2Km@kiy GI HN
{ f !
A xib-._/ : ’]\—d‘ e K—/ 72.45, SEEELAALIL, T 11.39%.
30%ERRE L 40% BBk 50%E 8 L

2 ARERMEE R E LS VAN A B H L0020
Fig.2 [Influence of different highland barley additions on the
appear ance and internal structure of steamed bread
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Table4 Effectsof black rice on Gl value and edible quality of steamed bread

R . ik (LRES
- B PRy GI 14 L%/ (mL/g)

Tt/ % R HE/N ) TE L% /% L a b’
0 90£0.00°  81.76£0.97°  2.29+0.03°  32.22+0.53° 27.99+0.39° 89.54+0.41"  —1.03+£0.13"  12.48+0.82
10 82+3.21°  75.41+£0.53°  1.75+0.03¢ 56.51+1.34° 36.10+1.56° 53.34+1.71°  10.98+0.39"  6.09+0.18°
20 79+2.00°  72.96+0.65*  1.61+0.02° 62.54+2.94° 39.08+1.63° 40.70+1.24°  14.31£0.13¢  5.39+0.14¢
30 76+£3.79°  72.45+£0.19°  1.61£0.03°  65.29+3.86° 38.70+0.69° 33.32+1.24°  14.26£0.43%  4.46+0.53¢
40 72+3.06° — 1.57+0.01° 70.68+3.65¢ 37.39+0.87% 29.02+0.18°  11.62+0.27*  2.69+0.22°
50 60+5.13" — 1.36£0.02°  71.11+3.80° 37.87+1.17%  26.57+0.25°  11.54£0.72%  1.62+0.33"
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Table5 Effectsof triticale on Gl value and edible quality of steamed bread

BNERIE/ Y% BE Y GI{H H%F/ (mL/g ) Pt e
T /N TR % L a b
0 90+0.00°  81.76+0.97°  2.29+0.03¢  32.22+0.53*  27.99+0.39*  89.54+0.41" —1.03+0.13*  12.48+0.82°
10 84+1.00%  73.50+0.48°  2.09+0.01°  38.34+0.12°  30.88+0.24°  79.52+0.74°®  2.67+0.63"  14.32+0.54"
20 83+2.00°  72.21£0.30°  2.08+0.12°  39.54+0.15°  28.29+0.64"  72.14+0.61"  4.96+0.73°  16.88+0.35°
30 81£1.00° 71.96+0.17°°  2.07£0.01™  42.06+1.70°  28.18+0.66"  69.45+0.46°  6.11£0.68°  17.50£0.66°
40 81£1.73%% 70.76+0.61"  2.05+0.03™  46.10+£0.32¢  27.79+0.30°  64.34+£1.27°  8.84+1.31"  17.91£0.89°
50 80£1.73%  70.12+0.57*  1.99+0.04°  47.9240.09°  29.54+0.90"  61.21£0.62°  9.32+1.38%  19.75+0.94¢
60 79£2.08"  69.61£0.77°  1.99+0.03°  53.27x0.88"  29.88+0.68"  58.06+0.37° 10.72+1.38°"  19.39+0.45¢
70 74+3.61° — 1.81+0.07°  63.69£0.238  30.09+1.27"  54.26+0.27° 11.57+1.29°  19.88+0.74°
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Fig.3 [Influence of different black rice additions on the

appearance and internal structure of steamed bread GI {EZ W A%, 76 30%E &Ry, B3k GI {Ef%
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Fig.4 [Influence of different triticale additions on the =1 L = . S
appear ance and internal structure of steamed bread A IE]**E % q:‘,,_,\ iﬁn% 8 Frn ’ '—? =]
RS A, ZORES N8 T8 Sk S
25 #ImEXESL Gl EFEARRNEM Fat, Hobh 30%MOKE S b B A R, A

2 6 WA, BEEMELR IR, 8% 093 mg GAE/g, HIKy 40% 7 FRIE kL,
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Table6 Effectsof oat on Gl value and edible quality of steamed bread

HE bt JGRES
“éﬁzm BE PR G4 %/ (mL/g) p— Mﬁ‘a& — - - -
32 ()

0 90.00+0.00°  81.76£0.97°  2.29+40.03¢  32.22+0.53  27.99+0.39" 89.54+0.41"  —1.03+0.13*  12.48+0.82°
10 84.00£1.00°  78.08+0.96" 2.13£0.06°  30.50+0.41°  32.63+1.35° 82.44+0.43° 0.40£0.29°  14.09+0.94
20 81.33£2.31%  77.88+1.01°  2.09+0.07°°  40.41+0.57°  33.72+0.60* 80.01+0.86¢ 1.45£0.10°  15.56+0.52"
30 78.00+3.00°  74.52+1.88°  2.06£0.04™  42.81+1.09°  34.60+0.90° 75.46+0.56°  2.50+0.13%  16.69+1.49°
40 74.33+£2.31° — 2.05+0.05"  48.79+1.05°  33.99+0.39" 72.27+0.34°  3.57+0.11° 18.03x1.71%
50 69.00+1.73° — 2.01+0.04°  54.91£1.12°  33.89+1.93%  69.29+1.17°  4.57+0.08" 19.31+2.62°
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Fig.5 Influence of different oat additions on the appearance
and internal structure of steamed bread

7T FRELPEAAHLESE
Table7 Thedietary fiber content in coar se cereal steamed bread

(SIS R 2 4 B %
3 18 2.53+0.60°
10%4E 7 1% 3k 3.54+0.47°
40% 7 I8 3k 6.89+0.05¢
30% B K18 3k 3.46+0.04°
60% 8 /NAZ 18 3k 5.55+0.10°
30%3HEAZ 18 3% 4.26+0.24°

x8 FMEBLPEBEE
Table8 Thetotal polyphenal content in coar se cereal steamed bread

sk Fp L&/ (mg GAE/g)
Tk 0.17£0.01°
10%%E 5 18 3k 0.24+0.03°
40%75 BR12 Kk 0.44+0.02¢
30% MKk 0.93+0.01¢
60% /N 18 3k 0.35+0.02°
30%7HEA 18 3k 0.23+0.01°
3 Iig
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AP A . HER. Bk B/NE R
FERCE PEAr KT 75 2B, BT LA N i) d5e s Ee 6143
BN 10%., 40% . 30%. 60%A 30%, N, GI i
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