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Storage Quality Characteristics of Bread Added with Dried Mulberry Pomace

Hyun Jeong Kim, Suk Kyung Shin, and Mee Ree Kim'
Dept. of Food & Nutrition, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT The purpose of this study is to evaluate the storage quality characteristics of bread with added dried
mulberry pomace (DMP, 0, 1, 3 or 5%) during storage at 4°C for 7 days. During the entire storage period, the moisture
content was higher in breads containing DMP compared with the control bread. Textural properties by TPA showed
that the hardness of DMP bread maintained a lower hardness than that of the control during the entire storage period.
Moreover, DSC (Differential Scanning Calorimetry) result showed that AH (crystal melting enthalpy) of the bread
containing DMP was lower than that of the control bread, which indicate the retarding of retrogradation. The sensory
preference test results demonstrated that the bread with 3% DMP had higher scores in over-all preference than the
others. These results suggest that DMP delays the retrogradation of bread during storage.
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(Ultra Low temperature Freezer, ilshinbiobase, Dong-
ducheon, Korea)= w4 4% & 5470%(Freeze Dry-
er, llshin Lab Co., Ltd., Dongducheon, Korea)gt ¥, 20
mesh AE S Aegd ELS A3

Al2Qe| M=

2 AN AR EE BYES AR 100% VT o R
& dEle] deuhs 0, 1, 3, 5% Z+ZF 924 A7}
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Table 1. Formulas of bread added with different amount of dried

mulberry pomace (Unit: g)
Ingredients Dried mulberry pomace content (%)
0 1 3 5
Wheat flour 720 712.8  698.4 684
Dried mulberry 0 72 21.6 36
pomace
Salt 12 12 12 12
Sugar 42 42 42 42
Butter 144 144 144 144
S-500 7.5 7.5 7.5 7.5
Yeast 28.5 28.5 28.5 28.5
Water 288 288 288 288
Egg 144 144 144 144
Powdered milk 21 21 21 21
Total 1,407 1,407 1,407 1,407
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incubator, HB-103M, Hanbaek Co., Seoul, Korea)°ll A
7A7F 4.0°Ceol A s

Al
T Too
23w AR E FEEA7](220 VAC/60 Hz 260 W, 400

mL, HMF-985, Hanil, Seoul, Korea)E ©]-&3}o] &4)3}
3, o] A& oF 1.5 g& FHao AH FE5471ISCO,
US/Retriever 500, Sartorius, Frankfurt, Germany)S A}
g310 0%, 19, 3%, 591, 79 el

25
AEE Azsel 14 WE F, 3719 2N WE T
A AEAA 1R AR A7 F9 RS SH5

AE T (50<12
. A= A (Digital
color measuring/difference calculation meter, model
ND-1001 DP, Nippon Denshoku Co., Ltd., Tokyo, Japan)
= A}&3}e] Hunter L3zk(lightness), a#k(redness), bgk
(vellowness)& 33| W SA3lo] Jagte= e
t}. Standard color valuet™= L3t 81.83, a#k 80.31, b#k
91.62, AEZk 0.00%]1 calibration plateE ¥+ o = Al-&3}

Texture analyser(TA/XT2, Stable Micro System Ltd.,
London, England)& AF&-3F9 9] crust F&& A|AS
£ crumb FE9F FAR 22 cmX2 cmX2 cm) &2 7
587] 319 probed 23] AHAOE ERS uf oA &
A-A FHoREY A, FIA, SH8 ©Hd ¢ 5
XS =A%t} Texture analyserd] Z7 9 & probes &
7Z4o] 50 mm<l compression plateE AME-3 Tl Force
threshold= 20 g, pre—test 5.0 mm/s, post-test 5.0
mm/s, speed % test speed= 5.0 mm/so]al &5 Al HE
E 7T0%%E ol oW 543t 1 Hapoe s ey o

0%, 19, 3%, 59, 7 =33k

AXEEALEZA(DSC) O 28t 3t £

Ao jute] ®ygwo] wate] H A= FFE ZAFs7] 9
3le] DSC(DSC1, Mettler Toledo, Bern, Swiss)S A3}
o 3} 548 AF R A 2 5o AW 4°Col| A
7Y Bt A A sAAxE @ 4% $ standard
volume pan(00026763, Mettler Toledo)ell
ZW3kA] = E sample sealing press(Mettler Toledo)
£ o] &3t &ttt olw AR 10°C/min®] £
15°CollA 90°C7HA] 713k 2.1, sensitivity= 0.04 pW
2 33131 endothermic peak®] WA (4H) R Ty, T, Tc=

~H
Bal gol
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STARe Software(Mettler Toledo)® 433} t}.

BSZAL

Aot A7ke wol UF 71 5% HeAlel B
S Gl NS E Ak WG EeR A, @,
o 247, AN B E, Felelg] tate] 77 A
(14 wl$- A 77 w9 FhE Agelel Fudista 4
FAY P4 359 o BeutE AAse.
e Bge A ord, evg, W6l takel Fdst
3 AFGUot ot As S A el A AAY o o
4 FQ 540 U@ wa} Ul AAE Ba AEE 15
9o uhbow 74 AEWAA WS okt 77 vl A
AgeTh ARE A AE] G5 B71E Q88 A
ol ANSFAIL, the A B WA= FFE Fo]Y)
Sl mEEd B3t 7 ATHAT F A BEAAE 0
9, 19, 39, 5%, 79 AA 3T
£7%al

A A= SPSS(Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA) software pack-—
age X2 FolA FAHEA(ANOVA)IS A A8 f-9
o] = Aol Duncan?] thgH A (Duncan's mul-
tiple range test)2 2 A& 7+ FoAE HAsA

of Rraslgl ot 4713l wheE §1490 Aol gk,
A7 7900 txe] FEUFE 26.40%, 1% AT A
7S 26.63%, 3% Aot A7 27.34%, 5% L.

Lt

Uk 7S 27.89%2 BE AR R3] A% 3Y
of Hlgke] fojH o FFASFATHAK0.05). A 77 R
0ol M 79744 tlze] FEge] Zashs 4¢SS B
om A 5ARE = 4G Aol vgte oA o 3t
ek, ol oS e ARENAME 2 A

52 SR Y] FobAM, hETH 5% 1L
uh H7bES ROl A Aelsh tEhbe AL AAT F A
ol Aotiue FE AYSY % ¥ WA Yz

& AL R How, Aerute] ko] Frhgel wet

= EAHOR i HAH] TUlehE AoR e
b de o] B A P AoR
AR o)9f AN AR, v R Ho) 2] A
A7 T FA 54 8 dshe ] Aak(18)] mEw A
of 2uFeuE H7RE A9 ATt Aol mskE A
mhat Sk Srjue] 4

0} LU A Ao el o] A 7|7k W A ¥ 3li= Table
37 ok W NS 40 g B st FaAT] F 2B
sEg Yol e AFo] mo] BAE d7 wE Fo o] S
o] s AFe AN AT FFgFE F= sto] FAZE gaste] whgl Az A3l 0ol thxzTtol
83 AxF F dhto|th(14). ALy s Frle mygws 35.10 golaL, 1% AL tBF H7FEe 3570 g, 3% 7S]t
AGAdHE FEEHFS 5H3 2 Table 29 2ot & 7S 34.84 g, 5% AL TH A L 3524 go & £
e Az Z5 0ol gt 28.61%°103 1% o]H el ol 7} gtk A 7ol YT FAE 33.43
Aotk H7kre 28.50%, 3% AL Tur H ke 28.94 g, 1% Aut H7kre 3298 g, 3% Aot HArEe
%, 5% Ao A7k 29.10% = A t)uke] Hrleko] 33.71 g, 5% BLt)u H7kto 33.92 go = Alx A5
7t g5 FEEF] Frtete 4TS YERI T, dix A 04} vaste] x2S v F3 BE A STl F
a3 5% AL TH Hbtell 2% xpo) 7} YEbskTh A% A7F 222 EH(X0.05). o= A7z ¥ FEshge] ¥
3] thxae] RIS 27.48%, 1% AL HIkE TR A W3y} i Wslel A o
= 27.46%, 3% AL A7 28.13%, 5% ety Alg ¥
7ML 28.56% % RE A8 R3] 0U ) v ws}
Table 2. Changes in moisture content of bread added with dried mulberry pomace during storage at 4°C
Storage time Dried mulberry pomace concentrate contents (%)
(days) 0 1 3 5
0 28.61+0.14"° 28.5041.43° 28.94+0.60*" 29.100.44
1 27.62+0.02°° 28.04+0.30° 28.90+0.68"" 30.01£0.05
Moisture (%) 3 27.48+0.06"% 27.46+0.22*% 28.13+0.65""° 28.56+0.06™
5 26.81+0.78°< 27.18+0.78% 27.66+0.43 28.02+0.50
7 26.40+0.29°° 26.63+0.11°° 27.34+0.235 27.89+0.02%

All values are meantSD.

““Different superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.
ACDifferent superscripts in the same column are significantly different by Duncan's multiple range test at P<0.05.
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Table 3. Weight of bread added with dried mulberry pomace during storage at 4°C

Storage time Dried mulberry pomace concentrate contents (%)
(days) 0 1 3 5
0 35.10+0.11*N8 35.70+1.05™ 34.84+0.09" 35.24+0.46"
1 34.99+£0.15%" 34.70+0.56° 34.47£0.08""° 35.53+0.20"°
Weight 3 33.71+0.54%™ 34.41+1.18 34.12+0.735%¢ 35.17+0.06"
5 33.54+0.195™ 33.07+1.34 33.80+0.07¢ 33.80+0.07""
7 33.43+0.145™ 32.98+1.22 33.71+0.02°¢ 33.92+0.27°

All values are mean+SD.
leferent superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.
*Different superscripts in the same column are significantly different by Duncan's multiple range test at P<0.05.
“Not significant.

1=

= o= ot B Yyt My TA EA AF(13)
Ao eks Hrbek el &(crumb)e] MEE A o QUFE HUe st 4 54 Aol
A2 543 A3 Table 494 2o Az 4359 099 A (199} FAREE S YER AT
Wz L, oa, b #S 2H2F 79.81, 2.73, 20.71°]3L, 1%
Aot H7hre 64.62, 6.67, 26.19, 3% AL Hrt ==
T2 52.65, 6.84, 9.40, 5% HAeUY H e 41.15, Aot Hrpks deste] Axd myduwe] 24718
3|

8.02, 5.98% Z+7} fo| 4 AolE YEFATH/X0.05). A% AFAdHZ =43 A7 Table 59 23 A EE Fig. 19
79 T L, a, b 3t 7H7} 81.25, 2.52, 19.240] a1, 2o Az 259l 0ol 2wy 4EE 5301 g 1% AL

1% A9t A7kt 69.41, 6.06, 15.18, 3% etjdt oul A7 52.39 g, 3% Aovdr #Hrh2 50.71 g,
A7 & 54.58, 6.89, 8.87, 5% LY 8 H7-2 42.63, 5% A9 t]vt A7t 47.99 g2 FF 2 W Alo]o] A 2
8.52, 6.139. % 27} o] 4 o] & VEFHTHIXO0.05). oA Abol= yYEbAl ottt 2y w3 o= H
ouure HrlerE LI E)L srobd on a7k (E A w 2 E A 7R NERTLY AEE 12692 g, 1% AL
< Skt Aom yetwth A 7|te] Fhgel whet et H7hr 2 105.42 g, 3% 1HE H7kr S 97.09 g,
UéE—E BE oA Frkekal, AAEE BE A hAas) 5% 712r]dk A7kt 85.03 g0 & tlEwte] BEst 7Hg
A}, ol B-s Hrbslk f7)9 4 EA Ao w2 FA YEFRTHIXO0.05). Ag713re] F7hEhel whal izt
W QujEr Babo = A ATt olyg} anthocyanidinAlel 4 S 0 E3 RE AR ARE U o Ao gE Aot
&t delphinidi7l©] 2H4 o] vl& e | F7fake] A A Fol BETF AEv A vHX0.05). Bae 5(20)2
7h elAE olE AW ATHR), we] Awo] vl gl whel FRFY, 71T Wy

Table 4. Color of bread added with dried mulberry pomace during storage at 4°C

Storage time Dried mulberry pomace concentrate contents (%)
(days) 0 1 3 5

0 79.81+0.08"™ 64.62+0.30° 52.65+0.02"° 41.15+0.15

1 80.13+0.17% 64.95+0.20° 53.05+0.23"° 41.40+0.39¢

Lightness 3 80.07+0.55 69.04+0.53"° 53.66+0.29° 42.19+0.22"¢
5 80.84+0.09"° 69.41£0.112° 54.58+0.455 42.63+0.345

7 81.25+0.114¢ 69.41£0.112° 54.58+0.45"° 42.63+0.34"

0 2.73+£0.18™%¢ 6.67+0.15° 6.84+0.07"° 8.02+0.21°

1 2.55+0.10° 6.58+0.7*° 6.85+0.25" 8.35+0.09

Redness 3 2.5240.05° 6.44+0.28 6.92+0.06" 8.36+0.19%

5 2.59+0.22¢ 6.02+0.07"¢ 6.98+0.11° 8.88+0.11%

7 2.52+0.08° 6.060.06"¢ 6.89:+0.09" 8.52+0.07

0 20.71£0.20%" 26.19+17.3345 9.4040.09** 5.98+0.10""

1 20.69+0.02" 16.33£0.17"° 9.20+0.23"% 5.74+0.05

Yellowness 3 20.67+0.17" 16.08+0.11%% 9.03+0.08" 6.00+0.07"™
5 20.59+0.13" 15.93+0.05"° 8.99+0.16° 6.14+0.09"

7 19.24+0.13% 15.18+0.17°° 8.87£0.07° 6.13+0.06%

All values are mean+SD.
““Different superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.
APDifferent superscripts in the same column are significantly different by Duncan's multiple range test at P<0.05.
NSNot significant.
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Table 5. Texture of bread added with dried mulberry pomace during storage at 4°C

%7 - A

Storage time

Dried mulberry pomace concentrate contents (%)

(days) 0 1 3 5

0 0.9264+0.035 0.8782+0.04%° 0.8684+0.02<° 0.8782+0.04°

1 0.9548+0.034N 0.9380+0.02* 0.9440+0.01% 0.927440.03*
Springiness 3 0.8956+0.04"" 0.9234+0.02°5 0.9060+0.02"° 0.9574+0.03"*

5 0.9244+0.02">" 0.9196+0.04"° 0.9284+0.02"" 0.9204+0.06"

7 0.9118+0.034% 0.8634+0.05" 0.8318+0.03°® 0.7264+0.17"

0 0.8398+0.03" 0.6860+0.1245° 0.8206+0.03"* 0.6860+0.12~°

1 0.7394+0.03" 0.6144+0.03*%° 0.7290+0.02" 0.7426+0.02°
Cohesiveness 3 0.6792+0.015° 0.6662+0.01*%° 0.6834+0.025° 0.7070+0.03"

5 0.6758+0.045NS 0.6988+0.08" 0.7320+0.02" 0.67040.07

7 0.67020.08°™ 0.5966+0.05" 0.60040.07° 0.6864+0.04

0 45.08+4.825° 35.8443.16™ 39.11£7.90%° 35.8443.16°

1 50.1342.92" 122.54413.70* 64.9842.69"° 37.8142.80¢
Gumminess 3 74.69+9.324° 67.1245.085% 59.61+7.84"" 56.3444.195

5 84.62+14.16™ 53.67+13.70°° 58.79+6.83"° 85.78+12.08"

7 84.99+10.80 62.39+5.07°° 58.16£6.35"° 54.9245.51%°

0 42.30+6.29% 27.90+5.56° 33.90+3.74% 27.70+5.56%°

1 46.4443.18%" 56.32+6.89"" 50.79+6.73® 39.65£13.16°°
Chewiness 3 67.04£9.974 61.95£4.47%" 53.99+6.95"° 54.09+6.735

5 78.26£13.314 49.25+12.02% 54.57+6.28"° 79.51+16.424°

7 77.39+9.08" 54.31£6.59""° 48344522 40.77+11.455¢

0 0.3542+0.01* 0.2712+0.024° 0.2858+0.02° 0.2712+0.024%

1 0.2480+0.03°™ 0.2418+0.024%° 0.2786+0.03 0.2680+0.025%
Resillience 3 0.3232+0.0145 0.2676+0.01*° 0.2772+0.01*° 0.2796+0.014°

5 0.2912+0.02" 0.2458+0.04"%° 0.2834+0.01°% 0.2460+0.03%°

7 0.2986+0.04™ 0.2114+0.02%° 0.2144+0.03%° 0.2660+0.025

All values are mean+SD.

“Different superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.
APDifferent superscripts in the same column are significantly different by Duncan's multiple range test at P<0.05.

NSNot significant.
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Fig. 1. Hardness of bread added with dried mulberry pomace
during storage at 4°C.
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Table 6. DSC properties of bread added with dried mulberry pomace at 0 or 7 days of storage at 4°C

0 day storage

After 7 days storage

Treatment”
T, (°C) T, (°C) T. (°C) AH (cal/g) T, (°C) T, (°C) T. (°C) AH (cal/g)
C-0 33.69 35.88 42.05 0.97 33.57 35.55 41.01 1.00
C-1 33.89 35.89 41.63 0.88 33.62 35.39 40.62 0.92
C-T 31.73 35.22 44.18 0.76 33.53 35.39 39.94 0.93
C-TI 33.37 35.22 41.49 1.06 33.83 35.57 41.04 0.82

C-0, control; C-1, pan bread with 1.0% mulberry; C- I, pan bread with 3.0% mulberry; C-II, pan bread with 5.0% mulberry.
T,, oneset temperature; T,, peak temperature; T., conclusion temperature.
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Table 7. Preference test results of breads added with dried mulberry pomace
Storage time Dried mulberry pomace concentrate contents (%)
(days) 0 1 3 5
0 4.6+1.0™ 3.8+1.4 4.6+1.2 3.8+1.1
1 3.9+0.7° 4.4+0.8" 5.4+£0.7° 3.7+1.6°
Color 3 4.0+0.7° 5.0£0.5° 5.4£0.9° 4.9+1.2°
5 4.0+0.7™ 5.1+1.1 4.6+1.3 4.7+1.2
7 3.120.7° 3.7£0.7° 5.6£1.8° 4.1+1.7°
0 1.4+0.5° 2.441.2° 4.5+1.2° 3.2+1.0°
1 4.1+1.4° 4.6+0.7° 6.1+0.9 2.4+0.8°
Flavor 3 1.30.5° 5.4+0.8" 3.6+1.2° 1.6+0.7°
5 2.3£1.0° 4.8+1.2° 5.2+1.20° 4.5+1.5"
7 1.7+1.1° 4.1+13° 5.4+1.6" 2.541.6°
0 1.5+0.5° 3.0£0.9" 3.8+1.2° 2.840.8"
1 2.9+41.2° 4.5+0.8" 5.540.8" 2.940.9°
Taste 3 44408 4.6+0.8" 5.440.8" 1.7+0.7°
5 1.240.4° 4.6+1.4° 5.0+0.7" 2.240.9°
7 1.441.0° 3.7+1.1° 5.0+1.2° 2.441.4°
0 5.7+1.1° 4.7+1.8% 4241.6° 2.8+1.2°
1 3.3+0.8° 5.7+0.8° 5.740.9° 4.4+1.7°
Texture 3 3.4£1.0° 5.1£0.9° 4.9+1.2° 6.0£0.7°
5 2.6£1.0° 4.2+12° 4.6x1.1° 3.6£1.6%
7 3.3+1.0° 3.8+1.4% 5.1+1.1° 4.9+1.5%
0 4.7+0.8" 4.9+1.5° 4.7+1.3 2.2+1.2°
1 44+1.1° 5.9£0.7° 6.0£0.9" 2.6£1.2°
Buying intention 3 4.6+0.8" 6.1x0.7° 5.6+0.8" 1.7+0.8°
5 3.2+1.0° 5.3+1.3° 5.7+1.3" 2.8+1.3°
7 3.94£0.7™ 4.8+1.3% 5.8+£1.2° 3.1£1.6°
0 4.7+0.8 4.9+1.5° 4.5+1.3° 2.5+1.3°
1 4.2+0.9 6.240.6° 6.1£1.0° 2.7+1.1°
Overall preference 3 3.7+0.8° 6.0+0.8" 5.7+0.8" 1.7+0.8¢
5 3.0£0.9° 5.3+1.3° 6.1£0.7° 2.8+1.3°
7 3.9£0.7™ 4.9+1.4™ 5.8+1.0° 3.0£1.4°

All values are mean+SD.
““Different superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.
NSNot significant.
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5.8+1.2°
5.6+1.0°
6.3+0.7*
6.6+0.5°
6.5+0.5°
5.5+1.4°
6.0+1.1°
6.9+0.3
4.5+1.7°
5.8+1.2°
5.5+1.6"
5.4+1.2°
6.0+0.7*
6.4+0.7"
5.8+1.0°
3.2+1.7

3.1+1.2°
3.7+1.2°
4.2+12°
4.7+0.7

5.240.6
4.60.8°
4.7+1.0°
4.7+0.8°
5.5+0.7°
4.7+0.7%
5.0+1.0°
52+1.1°
4.6+0.7"
4.5+1.0°
4.8+0.6"
5.5+0.8°
42+1.2°
5.0£0.7°
4.5+0.8°
3.840.8
3.2+41.3"
4.0£0.9°
4.6+0.7°
5.040.9

3.120.6°
3.3+0.7°
3.5+0.8°
3.9+0.9°
4.0+1.1°
2.7+0.7¢
3.4+0.7°
3.1£0.9°
2.6+0.8°
3.7+0.3°
3.0£0.7°
2.8+0.6°
2.6+0.8°
2.94+0.7°
4.4+13
43+1.6°
4.2+0.8%
5.0£0.7%
5.3+1.1

Dried mulberry pomace concentrate contents (%)
3.8+1.2°

2.5+0.7°
2.0+0.8¢
2.4+1.0°
2.5+1.0°
1.6+1.0°
1.2+0.4°
1.340.5
1.340.5
1.740.7°
1.0£0.0°
1.4+0.5¢
1.3+0.5¢
1.340.5
22413
1.10.3¢
4.142.0™
4.0+1.3°
5.0+1.2°
5.4+0.8"
5.4+1.2™

Storage time
(days)

Mulberry flavor
Mulberry taste
Chewiness

Color
Different superscripts in the same row are significantly different by Duncan's multiple range test at P<0.05.

Not significant.

Table 8. Sensory characteristics of breads added with dried mulberry pomace

All values are meantSD.
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