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Abstract: The effect of different levels of detoxified, partially defatted flaxseed meals on the specific volume, color, texture, sensory
characteristics, nutritional quality, and other characteristics of steamed bread was studied. The results showed that adding excessive amount of
detoxified, partially defatted flaxseed meals could decrease the specific volume and expansion ratio of steamed bread, and the bread turns dark in
color. The textural test showed that the hardness, gumminess, and chewiness of steamed breads increased continuously with increasing amounts
of detoxified, partially defatted flaxseed meals, while springiness, cohesiveness, and resilience decreased continuously. The fat, protein, and ash
contents increased, but the content of amino acids (except for proline) showed an increasing trend. Moreover, the lignan content also
significantly increased (»p<0.05), and lignan content in a steamed bread containing 15% detoxified, partially defatted flaxseed meals could be up
to 3.34 mg/g. The sensory evaluation score of steamed bread gradually decreased with increasing amount of detoxified, partially defatted
flaxseed meals. However, the sensory evaluation scores of the steamed breads with additions of 3% and 6% of detoxified, partially defatted
flaxseed meals (above 90) were significantly higher than the other tested steamed breads, and showed no significant differences between each
other. Since the steamed breads with addition of 6% detoxified, partially defatted flaxseed meals had more fat, protein, lignans, and other
nutrients, the optimum amount of detoxified partially defatted flaxseed meals that should be added to steamed bread was determined as 6%.
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Table 1 Standard of sensory score
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Table 2 Hygienic indicators of detoxified partially defatted

flaxseed meals

RH bz
HCN/(mg/kg) 4.18
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Fig.1 Effect of the amount of detoxified, partially defatted

flaxseed meals on the specific volume of steamed bread
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Table 3 Color of steamed bread with detoxified, partially

defatted flaxseed meals

* * *

A A% L a b

IR
0 83.03+0.59"  -1.76+0.01°  17.25+0.09°
3 72.85+0.14° 1.09+0.11°  16.30+£0.05°
6 64.50£0.22°  3.14+0.08°  16.82+0.06°
9 61.45+021¢  4.14+0.02°  17.06+0.01°
12 59.8240.01°  5.11£0.01°  17.40+0.16°
15 58.8240.12°  5.63+0.06°  18.10+0.42°

AEN
0 80.18+0.20°  -1.33+0.02°  16.03+0.17°
3 7036+0.22°  0.99+0.03°  13.55+0.08"
6 65.26+0.24°  2.45+0.12°  14.72+0.11°
9 62.57+0.49°  3.1140.18°  14.03+0.25°
12 60.86:0.10°  3.94+0.18°  15.72+0.27°
15 58.08£0.97°  438£0.16°  15.90+0.22°
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Table 4 Texture of steamed bread with detoxified, partially defatted flaxseed meals

It/ % g FEHY /g 5B /% AR Y% JRAE /g H /g =) /%
0 3151.92431.06°  -69.67+0.64°  0.94+0.01° 0.74£0.01° 2350.83+37.84"  2177.10£14.89"  0.41+0.01°
3 3373.5246.95°  -75.90+2.82°  0.94+0.0°  0.72+0.00° 2453.70+16.85®  2156.73£60.54°  0.39+0.01°
6 3645.83£80.26°  -46.71+3.62°  0.93+0.01° 0.70+0.00°  2569.02+59.90°  2404.85+76.44°  0.37+0.01°
9 3885.43+115.17%  -54.58+024°  0.92+0.0°  0.70+0.01° 2725.71£104.37°  2399.62£106.02°  0.36+0.00"
12 4494.66+102.09°  -4333£1.76  0.91£0.01 0.68+0.00°  3111.80+0.84°  2848.16+8.63°  0.34+0.01°
15 5306.94+45.957  -5426+1.34%  0.89+0.01¢ 0.67£0.01¢  3605.39+27.72°  3338.04+52.22¢  0.32+0.01°
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Table S Nutrients of steamed bread with detoxified, partially defatted flaxseed meals
HEALFEAR Ko o g x4 BIRAEH)
EH 13.57+0.10° 0.40+0.01° 0.930.03" 12.02£0.06° 73.08+0.14°
/’%‘#‘l- ¥ E 2, b b b b b
P2 T2 R4 9.93+0.04 5.41+0.01 11.4340.25 35.59+0.32 37.64+0.60
0 41.730.20° 0.310.01° 0.47+0.00° 8.09+£0.06" 49.40+0.25°
3% 43.25+0.35 0.38+0.01° 0.6120.04° 8.15+0.03° 47.61+0.47°
. 6% 44.01£0.16° 0.48+0.01° 0.86+0.01° 8.25+0.04° 46.40+0.19°
9% 44.22+0.01% 0.56:0.00¢ 1.14+0.07 8.63+0.11° 45.45+0.16
12% 44.56+0.23¢ 0.66+0.01° 1.33£0.02° 9.05+0.15¢ 44.39+0.39°
15% 45.21+0.04° 0.73+0.01° 1.43+0.06° 9.30+0.16° 43.33+0.26"

A R P RAAHAREGT
® 6 NSNS LR R EBRAMK

Table 6 Amino acid composition of steamed bread with detoxified partially, defatted flaxseed meals

RABR JRAF BRI R 64 AR A b A7) /%

x102g/g A Jo2 I AR 0 3 6 9 12 15
FITARBE  045+0.01°  3.2240.06° 0.37+£0.00° 0.38+0.01*°  0.43+0.01° 0.50+£0.01°  0.57+0.00°  0.63+0.01°
FRFR 0.28+0.01*°  1.27+0.03° 0.21£0.00° 0.23+0.01°>  0.25£0.01° 0.27+0.00  0.30+£0.00°  0.32+0.01"
Y R2FR 0.48+0.00°  1.59+0.04° 0.36£0.00° 0.37+0.02®°  0.39+0.01° 0.41£0.00°  0.46+0.01°  0.47+0.00°
N-§id 321+0.01°  5.91+0.13° 237+0.01° 2.38+0.08°  2.38+0.06 2.48+0.02°  2.62+0.01°  2.63+0.01°
iEN 1.53+0.04*  1.19+0.00° 1.10£0.01* 1.09+0.01°  1.08+0.04° 1.06£0.03¢  1.05£0.06° 1.05+0.01°
H &L 0.36+0.00°  1.99+0.03° 0.27+£0.00° 0.30+0.01°>  0.32+0.01° 0.36£0.00  0.41£0.00°  0.44+0.01"
L4 0.34+0.01*°  1.64+0.02° 0.26£0.00° 0.28+0.00°  0.30+0.01° 0.33£0.00  0.37+0.00°  0.40+0.01"
TG 0.34+0.00°  1.30+0.03° 0.27+£0.00°  0.28+£0.00°  0.29+0.01° 0.32+£0.01°>  0.35£0.00°  0.36+0.00°
FRE 0.13+0.02*  0.31£0.00° 0.11£0.01* 0.12+0.00™  0.12+0.01®  0.13+0.00*¢  0.14£0.00°  0.14+0.01%
FEHF 030£0.01°  1.12+0.03° 0.23+0.00*° 0.25+0.01° 026£0.01°>  0.28+0.01°  031+0.009  0.32+0.00°
ZRPR 0.73+0.01*°  2.04+0.04° 0.56£0.00° 0.57£0.01*°  0.58+0.02° 0.62£0.01°>  0.67£0.01°  0.69+0.01¢
B2 BR 0.11£0.01*°  0.62+0.01° 0.15£0.01>  0.16+0.00°  0.16+0.00° 0.17£0.01°>  0.18+£0.00°  0.19+0.01¢

TR
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LR

EARAEE  046:0.01*  1.45+0.02° 0.35£0.00° 0.37£0.01®  0.37£0.01°  0.40£0.00°  0.43+0.00  0.45+0.01¢
AR 0.19+0.01°  1.48+0.02° 0.16£0.00° 0.18£0.01°  0.19£0.01°  0.22+0.00°  0.25+0.01  0.27£0.01°
EY: 0.19£0.00°  0.71+0.01° 0.15£0.00° 0.16£0.01°  0.17£0.01°  0.18£0.00°  0.19+0.00  0.20+0.00°
RN 0.28+0.01°  2.69+0.06° 0.24£0.00° 0.29+0.00°  0.33+£0.01°  038+0.01°  0.44+0.00%  0.48+0.00°
ERB 0.08£0.00°  0.57+0.01° 0.07£0.01°  0.09£0.01°  0.10+0.01°  0.11+0.01°  0.12+0.01¢  0.13+0.01¢
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Table 7 Sensory evaluation of steamed bread with detoxified partially, defatted flaxseed meals

TmEM B2 SRS REEFI10  £HI15 0 20 HF 15 AR5 135100
0 20.0+0.00°  14.3+0.35° 9.1£0.07°  14.6£0.07° ~ 19.2+£021*  14.1+0.14*  5.0+0.07°  96.1+0.78°
3 20.0+£0.00°  14.2+0.28" 8.8+0.21° 143+0.14°  18.8£035°  13.2+021°  4.5£0.14°  93.7£0.35°
6 20.0+£0.00°  14.2+0.21° 8.940.04°  143+0.07° 184049 1332035 42+0.14°  93.6£0.60°
9 18.3+0.07°  13.4£0.14° 8.1+0.07° 1332035 17.120.14°  11.5£0.71°  3.4+£021°  84.9+0.42°
12 17.5£021°  12.8+0.28" 7.7+0.14° 11.5£0.71°  162+028°  10.8£0.35°  2.9+0.14°  79.3+1.56°
15 16.5£0.14%  12.0+0.14° 7.4+0.07° 10.8+1.06°  145+0.71°  9.8+028°  24+028°  73.3+2.40°
27 AmEELARETRERELNTAE 3 i

FEAT

NN 6% I EE M RR AR 18k (¥ S @ A AP B
ENEALRNE 8, HE 8 Wk, ELBMFEDE
BN RNERI DAARHERRE " 2y, Rz
SR RAESRPR AR, IHtREH.

8 MR AELL BB S I ARSI DA HEAR
Table 8 Hygienic indicators of steamed bread with the optimal

amount of detoxified, partially defatted flaxseed meals

7 B SF
Fh(As)/(mg/kg) 0.026<0.5
45(Pb)/(mg/kg) 0.011<0.5
4&(Cd)/(mg/kg) 0.022<0.1

Kt #E/(MPN/100g) <30

FH/(CFU/g) <10
WITRE A
ERKRE A
EHEHHRA A

3.1 W 2 A RRY R, 268 Sk Ay
LRI, fEARng . B I RR PRy (1) L 3 o,
TESRANEANNBI L FRE. o'y bR, aF
. BIMZS SRR, BEEBLEE L RREER 1 m, 183k
(ORERE . RN SN, sk, P ERPE &
[ AR, X5 RRDEA & & TG 214k
ZIE 1 B 0 T 795 X 2% 225 K0 PR 553 e B VS R LU 200/
P

32 HiMAHLE, BT RO S R
R BEARMARZER. Fit, BERGE sy
I 78Sk X BB TR S B I EE BRI
Pk K & i m T iR gk, RO BiEE AR
DRy 2 SIS Sk (R K PE o [t 25 JE 28 T BR A (1 38 o,
183k IR o R R RN R nE . s
TERRDER H AT 25 B B s 23.4mg/g, 1Sk IR
My 2% B B MO 25 T BR R PRI I L9 164 o g S 2% 1
I (p<0.05), ¥ 15% 28 I BRGA 18 Sk AR By 21 1) 2
A 3.34 mg/g.
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3.3 AESKIRCE VP2 Bl A IR R A VS I B A
BRI AR S Sk R B PP B T
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sk, “HBEEIFOYIAT 90, HEAREEER.
RN 6% i B RO ERT 178 Sk & 88 Z iR 2R
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IEEH R 6%
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