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ABSTRACT

The purpose of this study was to evaluate the storage quality characteristics of white bread supplemented with psyllium
husk powder (0, 2.5, 5.0, 7.5, 10, and 15%) during storage at 4°C for 5 days. During the entire storage period, moisture content
was higher in bread containing with added psyllium husk powder compared with the control bread. Textural properties analysis
according to TPA (texture profile analysis) showed that the hardness of the control group maintained a lower gap than breads
with added psyllium husk powder during the entire storage period. Moreover, DSC (differential scanning calorimetry) results
show that the 4H (crystal melting enthalpy) of bread containing psyllium husk powder was lower than that of control bread,
which indicates the slowing down of retrogradation. The total phenolic content increased with increasing amount of psyllium
husk powder. Antioxidant activities, such as hydroxyl radical scavenging activity, of white bread containing psyllium husk
powder increased with increasing amount of psyllium husk powder. The sensory preference test results demonstrated that bread
with 5.0% added psyllium husk powder scored higher in terms of overall preference compared to the others. These results
suggest that bread added with psyllium husk powder showed delayed retrogradation of bread during storage.
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Table 1. Formulas of white bread added with different amount of psyllium husk powder

Ingredients (%) Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
Wheat flour 100 97.5 95.0 92.5 90.0 85.0
Psyllium husk powder 0 2.5 5 7.5 10 15
Salt 2 2 2 2 2 2
Sugar 5 5 5 5 5 5
Butter 4 4 4 4 4 4
Yeast 35 3.5 35 35 35 3.5
Water 64 72 80 91 105 120
Powdered milk 2 2 2 2 2 2

" Control: white bread added with 0% psyllium husk powder.
PHP 2.5: white bread added with 2.5% psyllium husk powder.
PHP 5.0: white bread added with 5.0% psyllium husk powder.
PHP 7.5: white bread added with 7.5% psyllium husk powder.
PHP 10: white bread added with 10% psyllium husk powder.
PHP 15: white bread added with 15% psyllium husk powder.
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’ Bench time(room temp., 10 min) ‘
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’ Moulding and panning ‘
l

’ Fermentation(36'C 85% 35 min) ‘
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(185/160°C, 30 min)

l

Cooling(room temp.)

Fig. 1. Formula of white bread added with different levels
psyllium husk powder.
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Table 2. Moisture content of white bread added with different amount of psyllium husk powder during storage

Psyllium husk powder contents (PHP, %)

Storage day

Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
0 44.39+0.239A94 44.97+0.49"¢ 47.5240.734¢ 49.64+0.36"° 51.9240.394 54.18+0.274
1 42.30+0.38"¢ 42.99+0.87™ 45.19+1.60% 47201174 49.86+1.62" 53.95+0.13
2 39.90:£0.30% 40.93+0.50% 43.45+0.86 45.18+1.00%° 47.86+1.01¢ 53.68+0.83
3 37.87+0.68% 39.79+0.87°% 42.53+0.66™° 43.54+2 46°° 45.38+0.19™ 51.7040.525
5 33.4742.61% 38.30+1.34™ 39.95+1.26" 40.33+1.65P® 42.56+0.87% 50.03+2.93%

D Refer to Table 1.
2 All values are Mean+S.D.

3 A~E Different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.

9 2~¢ Different superscripts in the same row are significantly different by Duncan’s multiple range test at p<0.05.
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Table 3. Soluble solid content and reducing sugar content of white bread added with different amount of psyllium husk

powder during storage

Storage Psyllium husk powder contents (PHP, %)
day Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
0 0.80+0.01 N899 0.78+0.01™ 0.76+0.01™°  0.72+0.0148%¢  (.7240.02 0.69+0.025¢
. 0.79+0.02° 0.76+0.06% 0.76+0.01%° 0.70+0.02% 0.72+0.01% 0.71£0.035¢
Soluble solid
content 2 0.79+0.01° 0.76+0.01%® 0.74+0.04" 0.71+0.035¢ 0.73+0.04% 0.70£0.025¢
(°Brix) 3 0.79+0.01° 0.76:0.01% 0.720.03° 0,740,035 0.74+0.04° 0.75+0.014%
5 0.79+0.01* 0.76+0.01%° 0.72+0.03" 0.750.02"° 0.73+0.03" 0.76+0.014%®
0 0.39+0.01™° 0.36+0.03 0.33+0.01<° 0.26:+0.045¢ 0.18+0.03 0.14+0.01¢¢
) 0.42+0.01 0.4040.025¢® 0.37+0.025<°  0.28+0.04% 0.20+0.025¢¢ 0.15+0.02
Reducing
sugar 2 0.43+0.02% 0.42+0.035¢ 0.38+0.03% 0.30+£0.01% 0.22+0.025¢ 0.17+0.025¢
0,
content(%) 3 0.46:0.015 0,440,053 0.44+0.02% 031400245 0.26+0.02% 0.19+0,024B
5 0.50£0.014¢ 0.50:£0.03"° 0.44+0.03° 0.35+0.01%° 0.26:+0.00"¢ 0.21+0.04"¢

D Refer to Table 1.

2 All values are Mean+S.D.

3 NS: Not significant.

9 a~¢ Different superscripts in the same row are significantly different by Duncan's multiple range test at p<0.05.
% A~D Different superscripts in the same column are significantly different by Duncan's multiple range test at p<0.05.
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Table 4. TPA of white bread added with different amount of psyllium husk powder during storage

Storage Psyllium husk powder contents (PHP, %)

day Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15

0 68.74£9.947%9 67 91411.417  57.1243.54P° 52.84+1.17™ 48.40+8.06" 39.88+3.18%
1 129.40+1.91> 113.54+4.36%° 108.67+3.83% 82.0746.55% 86.12+1.65% 49.00+11.73“

Hardness 2 239.71£7.91% 133.85+2.61% 116.75+7.08% 106.00+3.18% 89.30+6.37°C 75.1145.18%
3 295.86+19.17™ 141.14+7.06™ 124.60+7.74% 109.35+4.98% 96.13+2.49% 79.35+5.86°

5 393.09+7.50™ 291.16+£13.87%°  236.85+6.96"° 183.33+10.02%¢  138.85+11.52*°  108.00+9.03""
0 0.74+0.36™N 0.89+0.05° 0.95+0.05™ 0.94+0.05™ 0.94+0.03™ 0.96+0.014®
o 1 0.92:0.01° 0.96+0.01% 0.95:0.02* 0.95:0.02° 0.97:0.02° 0.97+0.014%
S‘;":Slsgl' 2 0.95+0.03% 0.9540.02% 0.95+0.03" 0.97+0.01% 0.95+0.04" 0.99+0.02%
3 0.96+0.03"° 0.93+0.06"" 0.97+0.04 0.96+0.03 0.97+0.03 0.98+0.01*

5 0.95+0.02™ 0.94:£0.04" 0.93+0.03 0.94+0.02 0.96:0.02 0.95+0.04°

0 0.73+0.014° 0.74+0.02° 0.74+0.01%° 0.74+0.00* 0.75+0.00* 0.76+0.00**

1 0.73£0.01°* 0.73£0.03* 0.74+0.01% 0.75£0.00* 0.75£0.00" 0.76+0.00™
CV":;;SSI 2 0.72+0.018¢ 0.7240.00°% 0.7320.00" 0.7320.00% 0.74+0.00"% 0.75£0.01%
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0 20.35+1.58% 28.78+4.67™ 39.2241.23™ 43.93+4.09° 41.21%1.805 57.05+1.81<

. 1 36.5447.29 63.79+2.455¢ 59.91+6.58 78.604.41% 83.99+2.90° 95.8243.055
GL;:SI?' 2 54.9542.41% 58.8245.10° 77.95+5.58% 76.7242.05% 83.39+20.15"  97.29+2.12%
3 70.52+5.328 65.10+4.27™ 90.92+10.62° 79.53+6.55% 95.37+6.16"°  102.57+£1.39*

5 77.27+6.12" 88.2943.16™ 93.19+2.99"% 96.8124.60"° 97.53+6.45"° 103.93+3.74%

0 18.48+1.97™ 27.81+4.79™ 38.00:£2.49 40.60+4.86™ 37.96+1.35% 55.0242.20™

. 1 33.15+6.57 61.66+3.37% 56.66+7.01% 75.24+5.83% 81.87:+4.35% 92.82+3.78
CE::S” 2 57.42+6.53% 61.07+4.77¢ 80.95:£4.99"% 76.48+3.18% 82.84+2.06% 96.29+1.07%
3 67.91+7.124¢ 69.23+5.60™ 88.14+£12.94%™  82.7243.97% 94.57+6.76"®  100.48+1.98*

5 73.5042.98" 85.94+4.07* 89.40+2.49" 94.14+3.95%% 91.86+2.09"% 96.92+3.18%

0 0.54+0.024% 0.54+0.02* 0.59+0.01% 0.60£0.0245 0.62+0.024 0.64+0.02%

1 0.50:£0.035¢ 0.56+0.03%° 0.55+0.048° 0.58+0.05% 0.59+0.0148 0.63+0.025

Resilience 2 0.57+0.04*° 0.500.03% 0.58+0.034° 0.64+0.03* 0.54+0.065 0.68+0.03*
3 0.47+0.03% 0.45+0.03% 0.47+0.04° 0.44+0.02> 0.50£0.04<® 0.51+0.01¢
5 0.48+0.04 0.44+0.02% 0.510.035C 0.50£0.03" 0.55+0.045% 0.53+0.04%

D Refer to Table 1.
2 All values are Mean+S.D.

3 A~E Different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.
9 a~¢ Different superscripts in the same row are significantly different by Duncan’s multiple range test at p<0.05.
) NS Not significant.
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Table 5. DSC properties of white bread added with amount of psyllium husk powder at 0 or 5 days of storage

0 day storage

After 5 days storage

Treatment T,? T, T. 4H T, T, T. 4H

(©) (©) (©) (cal/g) (0 (©) (©) (cal/g)
Control" 39.23 45.61 58.35 1.38 35.70 42.46 57.46 3.63
PHP 2.5 33.59 45.19 58.34 0.92 34.79 44.12 52.06 2.81
PHP 5.0 33.85 43.28 58.42 0.89 34.49 41.45 52.19 2.58
PHP 7.5 31.34 4378 59.63 0.76 35.15 .18 50.88 2.38
PHP 10 31.26 42.74 59.04 0.82 34.79 431 51.22 2.01
PHP 15 30.56 42.70 60.19 0.69 34.83 43.89 50.05 2.11

D Refer to Table 1.

? To: onset temperature, Tp: peak temperature, Tc: conclusion temperature, AH: gelatinization enthalpy.
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DPPHE= H|wa <Hg3F A Fc)ZEE 4, ascorbic acid,
tocopherol, poly hydroxy &< slgHE 5ol olaf ghelo] &
o] F& Aol g o] A S u= Y] E o] 8ot &
Arsked & 3hds] S g ol kst A3 Aol
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74t 825.90 mg/mL, 15% 7k 825.9 mg/mLE 2Pz}
1] o] Hrhe] Skl whet ICs, kel 9l vEbsTh
A 599] Gy Fe RS 2,047.32 mg/mL, A}

q

Table 6. Total phenol contents of white bread added with different amount of psyllium husk powder during storage

Storage Psyllium husk powder contents (PHP, %)
day Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
0 0.231£0.1047™9%0.320£0.071°9  0.434+0.187"5"  0.493+0.142™5  0.625+£0.069*  0.686+0.068"*
Total phenol 4 1 ¢610 1381 0.27540.059°¢  035240.035™  0.398+0.052™  0.464+0.053%°  0.527+0.086"5

contents

5 0.174+0.118° 0.139+0.068%°

0.188+0.105™

0.277+0.102%® 0.349+0.104%°  0.413+0.190%

D Refer to Table 1.
? All values are Mean+S.D.
3 NS: Not significant.

9 274 Different superscripts in the same row are significantly different by Duncan’s multiple range test at p<0.05.
3 A~B Different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 2. DPPH radical scavenging activities of white bread
added with different amount of psyllium husk powder.
Refer to Table 1.

Different letters (A~C) in the same group are significantly
different by Duncan’s multiple range test at p<0.05.
Different letters (a~e) in the same day are significantly
different by Duncan’s multiple range test at p<0.05.
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Table 7. Preference characteristics of breads added with different amount of psyllium husk powder at 4C during storage

5 days
Storage Psyllium husk powder contents (PHP, %)
day Control" PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
0 5.8+0.9249%) 6.6£1.1° 7.4+0.6™ 7.0£0.9%° 6.4+0.8"% 5.6+£1. 1N
1 5.6£1.14° 6.7+1.1% 7.1£0.6"% 6.6£0.8"5 6.8£0.7 5.6+0.7°
Appearance
3 5.1£0.6° 641,24 6.7+0.8% 6.3£0.9%® 6.1%1.35% 5.8+0.8°
5 4.9+0.9% 5.5£1.2% 6.2+0.9 6.0£0.95 6.2+0.7% 5.7+0.8°
0 5.140.6* 6.2+0.83* 6.7+0.8*® 6.9+0.9% 6.7+0.8*® 5.3+1.2%¢
1 4.9+0.8"° 6.1£1.0™ 6.3£0.9"5 6.3£0.9" 6.6£0.5" 5.2+1.0%
Flavor 3 4.5+1,0% 5.4+0.8% 5.9+0.95¢ 5.5+1.2% 5.8+1.2% 5.2+1.1%
5 3.9+1.0% 4.5+1.2% 5.4+0.7 5.5£0.5% 4.8+0.9 4.4+].18%
0 6.440.8* 7.2+£1.2% 7.0£0.74 6.3£0.9* 6.6£0.5" 5.9+0.9
1 6.0£1.0%° 6.9+1.2% 6.9+0.8 6.1£0.7*° 5.8+1.2% 6.0+:0.9"°
Texture
3 4.1+1.1% 5.9+0.85 6.120.8™ 5.44] .35 5.1%1.1¢¢ 4.5%].15¢
5 3.1£1.0%° 43+1.2% 4.8+1.0% 5.0£0.8™ 4.7+0.9% 4.9+0.6™
0 6.1+1.34 6.7+1.24%® 7.3+0.9% 7.0£0.6™ 6.6+0.8% 5.8+1 475
1 5.4+0.8% 6.4+1.145 6.9+0.6™ 6.9+0.9% 6.240.7*° 6.0£0.9"°
faste 3 4.8+0.7° 5.8+1.2% 5.8+0.8% 5.4+0.2" 5.5+1.2% 5.2+0.95%
5 2.740.9™ 3.8+1.3%° 4.2+12C° 4.5+0.8“ 4.1£1.1%° 4.5£0.9%
0 6.7£0.9% 7.0£0.74 7.120.8% 6.9£0.9* 6.2+0.74% 6.10.9%
Overall 1 6.11.3* 6.4+1.2°% 6.9+£0.9" 6.5£1.1°% 5.841.24% 5.4+0.9%
acceptance 3 4.3x1.2% 5.3+1.3% 6.1£0.7* 5.4+1.0% 5.2+0.9% 4.5+0.9<
5 3.241.1% 4,741,150 5.2+1.0%° 5.3+0.8% 4.5+1.1% 4.2+0.9%
0 6.8+1.0% 7.4+0.94% 7.5£0.9% 6.9£0.9" 6.3+0.8% 6.2+0.74
Purchase 1 5.9+1.2% 6.3+1.3%¢ 7.0+0.7% 6.5+0.8% 6.6+0.5"* 6.140.9*
intention 3 42412 52412 6.540.8% 5.8+1.0%® 5.7+1.2% 5.2+0.9%
5 2.9+1.0™ 4.5+1.5% 5.3+1.0°° 5.6£1.1% 5,120,950 4.6£1.2

D Refer to Table 1.
2 All values are Mean+S.D.

3 A~D Different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.
9 2~¢ Different superscripts in the same row are significantly different by Duncan’s multiple range test at p<0.05.

9 NS: Not significant.
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2R kA 5.5~74% A BE Ak
gl do] F7tel TPAS] A¥et x|ttt 434 (chewi-
ness)< tHET2 5.5, 2.5%~10% 7kl 5.7~7.622
el o= 2pdAty] 2 o] SIS 71AA &

Azko] 7Kgl whet gl wobdl Ao AT,
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Table 8. Sensory characteristics of breads added with different amount of psyllium husk powder at 4C during storage
5 days

Storage Psyllium husk powder contents (PHP, %)
days Control” PHP 2.5 PHP 5.0 PHP 7.5 PHP 10 PHP 15
0 7.540.59N834) 7.5+0.9N5 6.7+0.7° 5.8+0.6™° 4.7+0.7% 3.4+0.879°
Volume 1 7.510.7f* 7.6i0.8f‘ 6.8i0.6l; 5.8+0.6° 4,6i0.53 3.0£0.748
3 7.6+0.5" 7.540.7° 6.6£0.5 5.6+0.7° 4.7+0.7 2.5+0.5%
5 7.6:0.7" 7.4+0.7° 7.00.8° 5.5+0.9° 4.340.8° 2.4+0.8%
0 6.6+0.7°% 6.540.7"% 6.2+1.1N% 5.8+0.9N% 5.0+0.8™ 4.8+0.8%
Air hole 1 6.4+0.5% 6.4+0.5° 5.9+1.1% 5.4+0.7% 5.1+1.0% 4.6+0.7%
size 3 6.9+0.6" 6.5+1.0° 5.7+0.8° 5.240.6% 5.240.8° 4.5+0.7%
Appearance 5 5.5¢o.5z*;d 6.6+1 .o;s i 5.5jz0.9;S 5'&0'7:51) 5.210.7‘;% 6.5i1.0::
0 3.441.1 4.2+1.17° 4.6+0.8™° 5.840.9 6.6+0.8 7.5+0.8™*
Crumb 1 3.3+1.0¢ 4.441.1° 4.9+0.9° 6.1£0.7° 6.8+0.8" 7.440.7°
color 3 3.5+0.7¢ 43+1.1° 4.9+0.7° 6.2+0.6° 6.6+0.7" 7.240.9°
5 3.6+0.8° 4.7+1.0° 4.6+0.5° 6.540.9° 6.6+1.0° 7.240.8°
0 4.2+1.0M¢ 4.5+].1% 5.141.208¢ 5.6+1.4N 6.1£0.7"5 6.8+0.8"
Crust color 1 4.5+1.0° 5.0+0.8A° 5.0£1.1° 6.0+1.1° 6.4+1.1° 6.8+0.9°
3 4.840.9° 5.6+0.8%% 5.6+1.2% 6.1£1.0® 6.4+0.7" 6.9+0.7*
5 5.040.9° 5.4+0.7° 5.3+1.1° 6.4+0.7* 6.6+0.8° 7.120.6"
0 1.240.4N¢ 3.740.7°%¢ 4.5+].3% 5.7+0.7™% 6.0+0.8™% 7.7+1.37
Psyllium 1 1.120.3¢ 3.840.6° 4.2+1.2% 6.0+0.8° 6.3+0.8" 7.4+0.748
husk flavor 3 1.3+0.5¢ 3.6+1.1° 3.6+1.0°5 5.8+0.8° 6.1+0.7° 7.140.74%
Flavor 5 1.3+0.7¢ 3.240.9° 3.0+0.9% 5.5+1.1° 6.0+0.8" 6.6+0.7%
0 6.1+£1.4 5.9+1.14 6.2+1.1* 6.0+1.3" 6.6+1.1* 6.9+0.7*
Delicate 1 6.240.98 5.5+0.7°8 5.6+0.88 5.8+1.1°8 5.9+1.3% 5.5+1.1%
smell 3 6.0£1.14 5.240.9B® 5.5+0.9"Ba® 4.9+0.9% 4.6+1.28 5.140.7%
5 4.8+0.95N 4.9+1.0° 4.840.8° 43+1.9° 4.5+1.18 4.8+1.18
0 1.2+0.4N¢ 3.9+0.7°% 4.2+1.015 5.4+1.0N 6.2+1.14 6.6+0.74
Psyllium 1 1.3£0.7° 4.1+0.74 4.9+0.7% 5.7+1.0° 5.8+0.6"%° 6.6+0.5%
husk taste 3 1.120.3 3.8+1.0¢ 4.7+0.545¢ 5.940.9% 5.340.5%¢ 6.4+0.0%5
Tuste 5 1.240.4° 3.941.0° 4.1+0.7% 5.5+0.7° 5.20:£0.85 5.9+0.9%
0 6.5+1.3AN 6.7+1.2% 6.3+1.3" 5.9+1.3M 6.4+0.7* 6.1+1.0%8
Delicate 1 5.3+1.45N 6.2+1.5"8 5.8+1.5"8 5.3+1.4 6.1£0.78 5.8+1.4"8
taste 3 4.8+1.1% 5.6:+1.248% 5.3+0.848% 5.2+1.4% 6.0+0.7AB% 6.3+0.74
5 4.9+1.1° 5.2+1.0° 5.0+0.7° 5.2+1.4 5.6+0.8" 5.0+£0.9°
0 5.4+0.74¢ 5.5+0.7A% 6.2+1.14 6.5+0.74% 7.3+1.34% 7.4+0.74%
o 1 5.140.7°B¢ 5.340.7°B 5.4+].0"B 6.3+1.3M" 7.0£1.548° 7.0:£0.84%
Springiness ABd Bed Bbe ABab ABa BCa
3 4.9+1.1 4.6+1.2 5.2+0.6 5.7+0.8 6.4+0.5 6.5+1.0
5 4.3+1.0% 4.5+1.0%° 4.9+0.9%° 5.3+].15® 5.9+1.2% 6.1+1.0%
0 5,540,754 5.7+0.5N° 6.2+1. 1N 6.6+0.5™%° 6.6+1.3N% 7.6+1. 1N
Texture Chewiness 1 5.3i0.7‘“ 5.7i0.5:“ 6.8i1.2fb‘ 6.8io.6f 6.5i1.3f’: 7.7i0.8f‘
3 5.540.9° 5.940.7% 6.4+0.8% 7.0+0.7* 6.8+1.4° 7.3+1.3
5 5.8+1.0° 6.3+1.0% 6.3+0.8™ 6.740.1%° 7.240.6" 7.240.8°
0 5.4+0.8%° 5.940.6™ 6.14£0.7% 6.8+0.6"° 7.0£0.84° 7.94+1.9%
Moistness 1 4.9+0.6 5.3+] 448 5.840.62> 6.6+0.8%° 6.6+0.548° 7.7+0.8A
3 3.3+0.8% 4.8+0.95¢ 5.4+0.848% 5.8+1.0% 6.0+0.55C 6.6+0.55
5 3.140.9%¢ 43+1.1% 4.8+0.85> 5.140.75% 5.4+1.0°° 6.1£1.2%

D Refer to Table 1.

? All values are Mean=S.D.

3 NS: Not significant.

9 2~¢ Different superscripts in the same row are significantly different by Duncan’s multiple range test at p<0.05.

% A~C Different superscripts in the same column are significantly different by Duncan’s multiple range test at p<0.05.
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