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Comparison of Sensory and Mechanical Properties of Breads with Paecilomyces japonica and
Cordyceps militaris powder by Storage Time and Temperature

Muong-Hee Jung, Geum-Soon Park
Department of Home Management, Catholic University of Daegu

Abstract

The quality characteristics of breads with different concentrations(2%, 4%) of Paecilomyces japonica (12, J4)
and Cordyceps militaris (M2, M4) powder were compared in terms of sensory and mechanical properties. In the
sensory test, J2 and M2 groups gained good scores in taste, texture and odor acceptance as control group.
Paecilomyces japonica-added group showed higher moisture and bigger volume than that of control group, and
Cordyceps militaris group showed lower moisture content and decreasing volume. ‘L’ values of J and M groups
was lower than control, and the longer the storage period, the lower the lightness. The more Paecilomyces
japonica was added, the higher the ‘a’ value was, but Cordyceps militaris showed an opposite trend. The
hardness of the bread was the lowest in J2 group and the highest in M4 group, and the longer the storage

period, the higher the hardness was (p<.001). Overall,

the addition of 2% Paecilomyces japonica showed a

similar tendency with control group, and showed good scores especially in acceptance, moisture and volume.
Paecilomyces japonica appeared to be more desirable than Cordvceps militaris.
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Ingredients

(tflour+vegetable worms powder+water+yeast+yeast food
+sugar+shortening+milk powder+salt)
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Fig. 1. Bread making processes by the straight dough
method
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Table 1. Formulas for breads with DongChungHaCho powder
Samples"
Ingredients Con Cordvceps militaris powder Paecilomyces japonica powder

M2 M4 2 J4
wheat flour(g) 1,500 1,470 1,440 1,470 1,440
vegetable worms powder(g) 0 30 60 30 60
water(g) 945 945 945 945 945
yeast(g) 30 30 30 30 30
yeast food(g) 5 5 5 5 5
sugar(g) 90 90 90 90 90
shortening(g) 60 60 60 60 60
milk powder(g) 45 45 45 45 45
salt(g) 30 30 30 30 30

1) Con: Control

M2: 2% Cordyceps militaris powder
M4: 4% Cordyceps miliraris powder

J2: 2% Paecilomyces japonica powder
Ja: 4% Paecilomyces japonica powder
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Table 2. Mean scores of Sensory test of breads prepared with different concentrations of DongChungHaCho powder

during storage at 25°C

A{
Sensory s ?1:256 Samples” F
D —~al
characteristics days Con M2 M4 12 7 values
1 A1.62+0.51% A337+0.74° ¥537+0.74* #3.00+1.19° “337+0.51° 16007
apper 3 #1.25+0.46° A3.75+1.16° #6.50+0.92" #3.37+0.51° 44.12+0.35° 49917
-ance © 5 A137%0.51° %425+1.16™ %6.37+0.51" 73.50+0.92° “437+074° 3929
F-values 1.67 226 478" 0.97 565
al 1 *2.37+0.91° #4.37+0.51% %6.37+0.74" *3.50+ 1.69° %4.624:0.51° 18287
sae 3 #2,00+1.06° 44.25+0.46° 26.25+0.46" *3.37+0.91° MBe2+1.18° 25,1477
i:ja:: 5 4212+1.24° A387H1.80° 46121035 M3U2ELI2Y "350+1.60% 996
favor F-values 0.30 0.38 0.71 0.28 2.02
g 1 #3.37+1.30° 73.12+0.35° #2.5010.53° 73.87:+0.35" #3.50+0.53" 415"
"r’listie 3 2325+ 1.58° 7350+0.53 5y 370,74 7337+ 1,68" 337 :0.91° 118
tastg 5 #3.00+1.77° #3.25+1.16" %2.12+0.35° A325+1.58" #3.37+0.94" 129
F-values 0.19 0.48 417 0.59 0.21
1 23.12+0.35° *3.50-0.53° %4.62+0.51° A2.25+0.46° A3.62+1.59" 858
hard 3 23,12+2.16° #3504 1.60" #5.12+0.83" A312+1.35° #425+1.16% 2,65
-ness 5 %475+ 1.58" #4.25+1.58" 45.37+1.18" 4325+1.38° 24.87+1.35" 255
F-values 2.64 1.17 1.69 2.18 2.19
1 "4.25+1.75" #4.25+1.66" #3.62+0.51° 24.37+0.74° %412+ 1.45° 0.39
extur springi 3 *3.50+0.53" #375+1.58" A2.75+0.70° ~4,00+0.53" "3.00+1.19" 2.15
XU s 5 5325+ 116" A3.62+0.74° 5175+ 1.03° 5375+ 1.03° $I541.03° 5157
F-values 3.09 2,70 7207 5.117 555"
1 %4.50+0.92" A4.75+1.75° .87+2.10° 7475 +1.38° #3.75+0.46 2.50
mouth 3 A4.00+0.92° A387+1.12° 2.75+1.16" 412 £1.35° 337074 2.18
-feel 5 #3.25+0.46" #325-0.88" #2.37--0.74" 3,50+ 1.30" 7325+1.58" 1.30
F-values 6.75 3.93 0.30 2.32 0.86

*p<,05, **p<.01, ***p<.001

1) Con: Control
M2: 2% Cordyceps militaris powder
M4: 4% Cordyceps militaris powder

J2: 2% Paecilomyces japonica powder
J4: 4% Paecilomyces japonica powder

2) Means with different superscript letters among the same row are significanily different at p<.05
3) Means with different superscript letters among the same column are significantly different at p<.05
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Table 3. Mean scores of Sensory test of breads prepared with different concentrations of DongChungHaCho powder

during storage at -10°C
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Sensory Stt(i):sfe Samples” F
characteristics weeks Con 2 Ma ) Ta -values
19 *1.62+0.51% "3.37+0.74° °5.372074"  "30041.19°  "337+051° 16007
15 #1.2510.46° 4312+1.12° #5.25+1.58" A287+135° A325+138° 1046
apper 2% A1.37+051° A325+1.48° #5.62+1.30° "312+1.12° #350+1.19° 13.32:
-ance 3% *1.500.53° 375+ 1.03° %6.00+1.30" A325+1.28° #3.62+1.30° 16.09
4= A1.75+0.88° %437+091° *6.37+0.74* A337+1.30° A3.75-1.48° 18.517
F-values 1.38 2.12 1.64 0.34 025
1 "2.37+0.91° %4.37+0.51" 26.3710.74" #4350+ 1.69° "4.62+051° 1828
1% A225+0.38° *3.75t1.16" %53740.91° 73.50+0.53" "25+1.16° 17.59"7
;:fl 2% #2.25+1.03° 3254175 "4.25+0.70° A325+1.38"°  "4.25+1.75° 2.90:
dor 33 #2.25+0.88° A3.62+1.84% “4.62 +1.59° A3.00+1.19%  #3.7520.46% 3.75 )
4z #2.00+0.75° #325+0.88" “4.1240.99° A3.00+ 1.02° *3.62+0.51™" 7.097
flavor F-values 0.16 1.28 7477 0.61 0.76 _
1 *337+1.30° 43.12+0.35" “2.50+0.53" 43.87+0.35° #3.50+0.53° 4.15
roasted 13 :3.37 + 1.18: 23.25 i0.88: :3. 12 to.99: :375 + 1.38: :3.501 1.41: 0.33
nutly 2= A3.37 ir.o.91a A3.12 J.r.0.64d 52.75 +0.46 A3437 +1.99 A3.50¢0.53 6.52
aste 33 3.12:+1.12 3.12+0.35 2.12+0.90° 3.00+ 1.19* 3.12+1.8%° 1.04
4= 43,00+ 1.30° 43,00+ 1.06" %2.00£0.92° #2.87+1.45° #3,00+0.92° 1.14
F-values 0.31 0.59 3.43 0.79 0.42
1 #3.1240.35° *3.50+0.53" "4.62+051° #2.25+0.46° #3.62+1.59° 858"
1% A%362+0.51° %3 12+0.35% ¥5.62+0.51° "3.00+0.53° "3.62+1.18° 3696
haniness 2% A¥3.87+0.64° AM3.62+0.51° *%6.00+0.53" #3.00+£0.92° 73.62+051° 16.38::
3% A¥387+1.45° AB4 12 4£0.35° A%6.25+£0.46" A325+0.53" 24.00+1.41° 9.96
4% %4.6211.06" A3.87+0.35° %6.62+0.74 #3.75+0.70° %4.12+035" 12347
F-values 2.69° 3.74 12.147 5.337 0.94
1 #4.25+1.75" A4.25+1.66 3,62 +0.51° %437 £0.74° %412 +1.45° 0.39
L 1% A4.25+£1.66° "4.2540.46" 3,00+ 1.85" #4.50+0.53" #3.75+0.46 2.06
extue Sf’m"‘;f‘ pES 53 87+0.83" B38740.64°  "275+046°  "4.75+046°  “3.75+1.48° 538"
3% Y3.8710.64° “2.62%+0.51° 22.75+0.70° 3,75+0.70° #3.50+0.53" 6.78
43 “2.12+0.35° “2.87£0.99" #2.75+0.79° ¥3.87+0.83" 43,00+ 1.60% 3247
F-values 6.65 1379 1.14 624" 2.81
1 A4.50£0.92° #4.75+1.75 A2.87+t2.10° %4.75+1.38" #3.75+0.46" 2.50
1% #4.75+1.03° %3.75+046° 8175 +0.70° *4.75+0.46" #325+0.88°  20.197
mouthfeel 2% #4.25+0.46 ¥3,75+0.70° “1.62+1.18° 4.12+1.45° #3.62+1.30° 764
3 24.25+1.38" “2.62+0.51° ¥1.25+0.46° 24.00+1.66° A350+1.40" 1127
4z #4.12+0.99" “2.75+0.70° 1.37+1.06" 7387+0.64" 3124112 11057
F-values 0.99 14.207 418" 2.12 0.71

*p<.05, **p<0L, ***p<.001

1) Con: Control

M2: 2% Cordyceps militaris powder
M4: 4% Cordyceps militaris powder

12: 2% Paecilomyces japonica powder
14: 4% Paecilomyces japonica powder

2) Means with different superscript letters among the same row are significantly different at p<.05
3) Means with different superscript letters among the same column are significantly different at p<.05

o]

& 14

A 39H SR

fam

23]

gtk Rl 4 wpow A7)
hE FAEE HYTh MizE
oF Sud PREL

At HMES A
2yer, gxze
ZaEiY ¥9s A%

of }E Wats Fig 59 2ok ¥E AR A 4

e fA Awe

U o}

T2 45352 A 18A A 35(2002)

g Aol w4

FrFYge gaZol How, B9 dxzy g
Tol uls) MAZE] B3] Uitk

2) ¥ 53
FEotRE A7He A% I Fig 63 2ok
Hzgtel w8 &2 AU 90t A

\_77
=

- 284 -



EEL AU A& H7) e AFVIR 22 W

Ja M2

-1 —A 3--4-5

Fig. 2. QDA profile of overall-acceptance of bread
prepared with Cordyceps militaris powder and
Paecilomyces japonica powder during storage at 25C
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Fig. 3. QDA profile of overall-acceptance of bread
prepared with Cordyceps militaris powder and
Paccilomyces japonica powder during storage at -10°7C

Con: Control
M2: 2% Cordyceps militaris powder  J2: 2% Paecilomyces japonica powder
M4: 4% Cordyceps militaris powder  J4: 4% Paecilomyces japonica powder
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48.0 46.0
44.0 44.0
42.0 42.0
T 400 g 40.0
F 3
o 38.0 ul 3g.0
36.0 36.0 -
34.0 34.0 -
32.0 32.0
12 3 52 1F 2% 3F 4%
B COn — - M2 - Ak - M4 —@—J2 — & - J4 ——Con —e—M2 - -k - M4 —@—J2 —A- M
Fig. 4. Moisture content of bread prepared with Fig. 5. Moisture content of bread prepared with
Cordyceps militaris powder and Paecilomyces japonica Cordyceps militaris powder and Paecilomyces japonica
powder during storage at 25°C powder during storage at -10°C
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Fig. 6. Volume of bread prepared with Cordyceps
militaris powder and Paccilomyces japonica powder
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Fig. 7. Hunter color L. value of bread prepared with

Cordyceps militaris powder and Paecilomyces japonica
powder during storage at 25°C
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Fig. 9. Hunter color a value of bread prepared with
Cordyceps militaris powder and Paecilomyces japonica
powder during storage at 25°C
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Fig. 10. Hunter color a value of bread prepared with
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Fig. 11. Hunter color b value of bread prepared with
Cordyceps militaris powder and Paecilomyces japonica
powder during storage at 25°C
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Fig. 12. Hunter color b value of bread prepared with
Cordyceps militaris powder and Paecilomyces japonica
powder during storage at -10C
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Table 4. Texture properties of breads prepared with different concentrations of DongChungHaCho powder during storage

at 25°C
. st(frage Samples“ F
characteri| time
-stics day Con M2 M4 32 14 -values
1 926449422437 ©27154+£2035° P31258+3991°  ©223.90+3051°  282.67+45.66°  4.66
Hardness 3 53151941958%  P354.164+43.01° %449.72+3509° 2743444676  °357.52+4028° 1457
(g/crf) 5 #375.1544342°  ™347242592° P501.11+61.19° *330.83+27.74° 4117011065  14.26™
F-values 24.017" 54.93" 19.827 1683 3671
_ 1 #52.30+6.25" P43.8347.53° 50.53+6.17%  "56.53+5.99"  "60.65+8.23° 424
Cohesive | 5 #36.00+6.21" F3675+10.08°  31.83+4.22° 844.6545.93° 836.7043.67" 2.60
'?;S)S 5 "4039:+3.61 "ISBAL664  206+4BE  ISI0EAED  "IBAOLSIE 723
F-values 9.40 872 46.34 20.10 26.16
o 1 *89.76 +6.00" A8753+731°  “®76.04+559"°  *°83.71+6.39™ 485.47+6.13° 345
Spr"fgl 3 A83.41+£7.78° A80.61+3.95° B1057+663°  ®78.82+1.17° A78.4045.54° 375"
ness 5 A81.49+6.58" A77274529° 58174547 B71.62+7.77° Peg.42+144" 13417
% |k values 1.16 1.95 11.827 3.29° 1034

*p<. 05, **p<.01, ***p<'001
1) Con: Control

M2: 2% Cordyceps militaris powder J2: 2% Paecilomyces japonica powder

M4: 4% Cordyceps militaris powder J4: 4% Paecilomyces japonica powder
2) Means with different superscript letters among the same row are significantly different at p<.05
3) Means with different superscript letters among the same column are significantly different at p<.05
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Table 5. Texture properties of breads prepared with different concentrations of DongChungHaCho powder during storage
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Z 7= Table

A A ™ E(lightness), 27 “d(cohesiveness),
€] (springiness)2 #5EE 9]
9 ZEBAP<00DE il 2k, 448, g9
71257} &4 vERse. A4 E(redness)
o B E(yellowness), 7IAAAAY AEE BHT
I HE HA, AERE AQstn

Ao} BE, AEsh

B9 =%

at -10C
charact st:?rage Samples” F
-eristics Wn:eek Con M2 M4 12 Ja -values
1 26449422437 2715442035 31258439910 2239943051 2826714566 4.66
13 ©76.64+2085"  “P256.68£39.83"  ©307.10+30.21° 524697+22.61° "9267.49+43.15° 251
Hard 2% ©278.08+10.16°  %290.60+75.18" B348.24:+47.73"  271.304:36.24° P327.48+845° 294
(';‘/;SS) 3F 5358.63 +13.27" 323.01+39.18"  ®390.44+51.20° “P303.73+68.88" “P371.51+6022° 248
4% 4388.97:+9.51° 242526+3220°  *467.77+£80.35"  “346.82487.19°  *395.34+74.90'  2.43
F-values 77.96™ 15.79™ 7.76™" 586" 12217
14 #52.30+£6.25™ P43.834£7.53° 250534617  *56.53+£5.99"  “60.65+8.23" 424"
. 13 46.19+8.77 425062 +4.11° 541454787 54831727 #5037+11.52° 188
Q_’ﬂ::;"e 2% BC38.43+0.91% BC4573+5.02°  PC36.16+9.33° 846.30 +8.46" €37.85+7.51° 234
%) 3F BC41.88+4.66" €41.59+5.67" €31.96:+7.13" “31.67+5.80° 32204533 430
' 43 €32.99 45 .64 30.31 £9.29° P20.07+1.21° “31.89+7.72° ©3026+7.53"  2.84
F-values 795" 1353 16.56™" 18.00" 14.45"
14 489,76+ 6.00" #87.53+731° *P76.04+559°  “®83.71+£6.39" *8547+6.13" 345
Springi 13 880,34 +6.45° ~581.38+£2.18" B68.07+1.10°  *°81.95+146"  *?78.16+549° 1024
2% BC94.49+3.59° BC73.154£9.25° €65.35+3.48" Br467+7.71° 571.73+7.19° 1.66
?;S)S 3% 475384258 AB%75.9946.60° C60.65+292°  P76.154946° “%7447+£1205° 379"
45 C67.44+12.50° €67.57+9.23" 55.25+0.73" B77.68+5.21° “6447+1134° 404
F-values 3.88" 3.53" 32047 338" 3.55"
*p<.05, **p<.01, ***p<.001
1) Con: Control
M2: 2% Cordyceps militaris powder J2: 2% Paecilomyces japonica powder

M4: 4% Cordyceps militaris powder
2) Means with different superscript letters

J4: 4% Paecilomyces japonica powder
among the same row are significantly different at p<.05

3) Means with different superscript letters among the same column are significantly different at p<.05
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Table 6. Correlation coefficient between Sensory and Mechanical Characteristics of DongChungHaCho powder

Sensory apperance flavor texture acceptance
Mech Stale grain  roasted nutly hard springi mouth overall
-anical color odor taste -ness -ness -feel acceptance
L -0.777" -0.69"" 081" -0.74" 074" 076" 077"
a 0417 0.44" -0.56" 048" -031° -048" -046"
b 092" 0.79"" -0.68" 072" -0.68" -0.81" -0.87"
hardness 0.54" 0.25 -0.75" 073" -0.85"" -0.68"" -0.69""
cohesiveness ~-0417 ~0.11 073" -0.63" 0.78"" 0617 0.64""
springiness -0.63" -043" 075" -0.80"" 0.78"" 078" 075"
*p<05, **p<0l, ***p<(01
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