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Effects of Milk Proteins and Gums on the Dough Characteristics and
Staling of Bread Made from Frozen Dough during Storage

Young Yun, Young Ho Kim', Young Su Kim? and Jong-Bang Eun*

Department of Food Science and Technology and Institute of Agricultural Science and Technology,
Chonnam National University
'Department of Baking Technology, Hyejeon College
*Department of Hotel Cookie & Bread, Dong-u College

Abstract Rheological properties of the dough added with milk proteins and gums was studied to investigate the possibilities as
anti-staling agents. Also, physical properties of the resultant bread baked from the frozen dough after 8 weeks of storage at —
20°C were examined. The 4 sets of their combinations of milk proteins and gums, casein-k-carrageenan (CK), casein-sodium
alginate (CA), whey-k-carrageenan (WK), and whey-sodium alginate (WA), were added to dough to examine their possible anti-
staling effects. Rheological properties of dough were evaluated, and physical properties of resultant bread baked from frozen
dough after 8 weeks storage at —20°C were examined. Addition of all treatments increased gelatinization temperature and water
absorption, and lowered miximum viscosities and extension of doughs, compared to the control. Doughs added with CA and WA
showed longer development times than that of the control. Addition of WK and WA resulted in lowest dough extensions. Treated
bread showed lower moisture content decrease during storage at 5°C for 4 days. Breads baked with frozen doughs after 6 weeks
storage at —20°C showed similar results. Although textural hardness of breads increased with storage at 5°C, CA- and WA-added
breads were less affected, showing they effectively retarded staling of breads.
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Abakivh, $f Tl casein(Matsutan Inc, Itami, Japan),
whey(Davidco Foods Intemational. Inc., Eden Prairie, MN, USA)
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9} AF9 k-carrageenan(@+=+ FIEHA, &3, d=), sodium algi-
nate(MSC Co., 9}, =03 27} 0.6%% &3 F7islislen o
2% dElE  casein-k-carrageenan(CK),
(CA), whey-x-carrageenan(WK) “L2]3  whey-sodium alginate
(Waydch Awe Azsr] $8led AR 95T instant dry
yeast(Marcq, France), yeast food, A&, skim milk powder(:%AL,
24F, &=, rRIEHL, AME, 3, A&F, ascorbic acid®
2 vjEE Table 191 HAISH

casein-sodium alginate

Al

Al =13<5]

oH

i

ojz¥ =3

AE9] oldzad EAL AACCHH 9P Wl oldz e
(ASG6, Brabender Co., Germany)E AME-3fed AE 65g8 450
mL SF5o] FEAIAA HEol Y1 B9 HHULEEE 75 mpm
oz AL dgde 127 1.5°C9 HEE 25°CollA 95°C
7] 7YBAIFIHEA pastee] Z3PN A (initial gelatinization tem-
perature), LA E(maximum viscosity), HIAEE UEpl= &

S(temperature at maximum viscosity) 52 &7 351

melas= &

Sf e Es ARE A7 06% A7k BrbRe) WS 5
L Farinograph(M8101, Brabender Co., Germany)E ©]-& 3}t
AACCHE 90 wet AAsith A8 D7FE 300 g8 30+02°C
2 478 £38 nidl 93 B Wil Edshs B
curve®] Fo] 500420 B.Ul =2 w7k FFEe 2SI
o}, de)w=ag 0O R RE] S TS (water absorption), =FHAI7H
(arrival time), W83 A7 development time), NFE FY T (stabil-
ity) 223 OFBHE (weakness)] #h& FHSIAT

PGPS EEEE

AACCHPE (9l wht 300 g2 HEs) 6g9 AFS 59U ES
ol 1% Fob wiEg 3 5 SR wAEE o 28 S

28 slEx HE AXIt 500+ 10BUM “EsEE T
wEl Bo] S5 sl S-S WMo Aol 150+
go 8 F3t T rounderdl Hol 78 RIS W H rollerd] ¥
o] 9B or Aysta] 30°Ce] FFoNA 45, 90, 13587 W
x|ste] whE =4S AT 248k ghe AAE (extension),

gal

Table 1. Formulation for bread added with milk proteins and gum

[‘

A%

1
2
=2
=)
)
odt
E
177}
)
8
g
8
(']
2
Z.
=)
b
i
=
2
o

Alttlo] XM=

2ol AF 3L AACCHHS 25 "HEH (Straight method)
)02 AZEATE A A Wk 22 E37)(KSM90, Kitch-
enAid, St Joseph, MI, USA)Z dtlor d4AdH wiEe 747
£30g¥ sl 53227 & F Zelodnl W ¥ol —40°C
9 freezerd] Wol F& WS A7 AAE & 2000 B Y
E3(GC-114ADM, LGelA Aol AM-& uj7la Ws East
Atk ¥ H HES e AL e T =g A¥Es E
o] Yo ¥ 2% 35°C, % 85% ZZiolA 50¥-7F 23 E A
A E 160°C, oFAE 180°CollA] 3587 & The WZAA A
ol AMg-sk4Tt.

Shak Wsh= AACCHRH(9) 2 2
74 B2olM crumb FEIME et A8 2 AMSIAL crumbi-
AR Fo FEEY WIS Y

Aldto] BIAR] HS}

1.3 emFAL "W crumbFE-S 50X 60X 13 mm’ A7|E e} 3
o] Wl 5°Col| A 4U7F A S 2] hardnessE Texture Ana-
lyzer(TA-XT2, Stable Micro Systems, England)= &8 31t}

AN 24

AR d2x 54 Aol #etAl 23 SAS packageE
AHEste] ANOVAS] o3 2Aet dddw: 7hel fod HAS
Aol v W Alg B (Duncan’s multiple range test) .2
AEsHATH10).

W FEe) SHAS BEs] giskel ot

& ZARSte] Table 20 WERRITE 60°C7F ST WEE W 2ol
Fall7] Aakskedl3,11) ZebRAemel Slot tiET= 63.5°C,

(Unit: % flour basis)

Ingredients Control" CK? CA” WK WAY
Flour 100 100 100 100 100
Water 63 63 63 63 63
Instant dry yeast 25 25 2.5 2.5 25
Yeast food 0.5 0.5 0.5 0.5 0.5
Sugar 6 6 6 6 6
Salt 2 2 2 2 2
Skim milk powder 3 3 3 3 3
Shortening 4 4 4 4 4
Ascorbic acid 40 ppm 40 ppm 40 ppm 40 ppm 40 ppm
Casein - 0.6 0.6 - -
Whey protein - - - 0.6 0.6
Carrageenan - 0.6 - 0.6 -
Sodium alginate - - 0.6 - 0.6

YControl; wheat flour 100%, 2CK: casein-k-carrageenan, ~'CA: casein-sodium alginate, YWK: whey-k-carrageenan, *WA: whey-sodium alginate.
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Table 2. Amylogram data of wheat flour doughs containing milk proteins and gums

. Samples
Characteristics
Control"” CK? CcAY WK? WAY
Gelatinization temperature (°C) 63.5 65 64 62.5 64
Temperature at maximum viscosity (°C) 91 92 91.7 91 91.7
Maximum viscosity (B.U) 760 750 680 900 660

UControl: wheat flour 100%, YCK: casein-k-carrageenan, YCA: casein-sodium alginate, “WK: whey-k-carrageenan, WA whey-sodium algirate.

CKA7FE= 65°C, CASF WA F7Mr= a4°C 232 WK 7+
= 625°CE WEbtEl, CK #7Fr-9f CAS WA 7o) 2%
TIPRAEETE SR ol# e dAde] vehte A AR
o} S-FehdlHol ﬂ‘f""x}ﬂ solEed ged RS F5s)
Aedate] o8 o] FHgozn HEUAe] T3t A
51% &_i *3745@ HY A =g 25F tix7e F7)
oA 91-92°CE Fo] & AolE Holx| gty HT Hwo
q}z: 7t 760 BUSZ CASt WA H7HE tjzFHT}h v
TE EML CK$F WKe] Z-9-&= =g 52 dxes
L= ARE HURH HE 1 Sl Bsks AR
ARl :6}9} B oldB I} E&3A HI o)A dAde
AEASE 7RIt Base] JE=t(3) k-carageenan(K)
H7bgE 97t oleh 72L& AAE Btk vhAY sodium
alginate(A)E H7Fd A% iz v ¥ IS yehjol
TR AW o] ez ezt oA A=t
Zo] HEA= FFOZ AF FHo] 4L v Heg A

ZFETH(11).
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Sy ARE Wt 279 farinogram E4)2 Table
33 2Tk gizte) vlwsk A Ao 2 S48 (water
absorption)°] F7Fatd=t oleh e HAFE A7 $-fohuE
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A] EE 63*3017: AlZbol 92 A7 WO Z(13) CASH WA #H
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(stability) €] 7% CK&F WK AH7}77F dizol vls) Bt vlet
U carrageenan(K)o] WHEQ] SHEAS v AnE Jghy 3,
CAS} WARZISY] 7% Jﬂ‘:ﬂ 7474 20023 17.0802
29 20083 ZAY 9 @e e Ho el M edE
& FFE FA &t Aoz AAYAY. 2k (weaknessys U
Z77F 1002 71 k3 CKeF WK 3729 49 603 100
o7 xFet & AolF Hel Wwhd CA9t WA H7Y e
3034 402 CKSF WKHZHE Hoe W osleg moir) of
shee WA ko] =3 Ho| YT IFE zol7} zhed) $
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Table 3. Farinogram data of wheat flour added with milk proteins and gums

Samples
Characteristics
Control" CcK? caY WK WAY
Water absorption (%) 64 65.2 65.5 65 65.5
Development time (min) 9.0 5.0 13.0 6.5 11.0
Stability (min) 20 13.5 20 10.0 17.0
Weakness (B.U) 10 60 30 100 40

YControl: wheat flour 100%, “CK: casein-k-carrageenan, *'CA: casein-sodium alginate, “WK: whey-k-carrageenan, "WA: whey-sodium alginate.
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Table 4. Extensogram data of wheat flour added milk proteins and gums
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Samples
Characteristics -

Control"” CK” cAY WKY WA®

Water absorption (%) 60.0 61.2 61.5 61 61.7
Extension (mm) 45 min 235 210 240 220 235
90 min 245 205 225 250 237

135 min 235 220 215 240 220

Resistance to extension (B.U) 45 min 400 440 420 280 230
90 min 600 560 520 300 320

135 min 610 610 540 380 340

DControl: wheat flour 100%, *CK: casein-k-carrageenan, *’CA: casein-sodium alginate, YWK: whey-k-carrageenan, YWA: whey-sodium alginate.
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Table 5. Changes in bread moisture content at 0 and 4 days after baking from frozen doughs containing milk proteins and gums during

storage at —20°C for 1 to 8 weeks (Unit: %)
Storage time
Samples 1 week® 2 weeks 4 weeks 6 weeks 8 weeks
0 day” 4 days 0 day 4 days 0 days 4 day 0 day 4 days 0 day 4 days
Control" *45.39+ 4435+ “45.32+ *43.90+ *44.50+ *43.36+ “44 31+ *43.32+ *44 36+ Y4347+
n 0.09% 0.26" 0.31% 1.198 0.33° 0.02 041° 0.24° 0.28° 021"
K 44,77+ *43.63+ *44.39+ 4289+ *44.68+ *43.30+ *44.92+ *43.59+ *44.32+ 43.77+
' 0.12° 0.29° 0.52% 0.69° 0.15¢ 0.69* 0.09¢ 0.46° 0.37¢ 0.14'
CAY 45.32+ *43.96+ 44,85+ 43.93+ 44,92+ *43.75+ 4538+ 43.60+ 44 34+ Y4327+
0.38 0.41° 0.11% 021" 0.50° 0.19° 0.45° 1.51° 0.25¢ 0.01"
WK "45.24+ *44.03+ 44.85+ *3.67+ *44.99+ *43.76+ 4441+ *43.62+ 43,94+ 43,78+
0.54° 0.07° 0314 0.64° 0.01° 0.22¢ 0.50° 0.08° 0.10° 0.08"
WA *44.08+ *43.26+ 4435+ Y42 778+ *4391+ 42,51+ 43.62+ “43.12+ ¥43.03x 42.86+
0.15° 0.72° 0.25" 0.59° 0.70¢ 0.45° 0.48° 0.40° 0.05° 0.01

DControl: wheat flour 100%, 2CK: casein-k-carrageenan, “'CA: casein-sodium alginate, "WK:

9Storage time in frozen dough at —20°C for 1 to 8 weeks before baking.

DStorage time in bread at room temperature made with frozen dough.

“*Values with different superscripts with columns are significantly different by Duncan’s multiple range test at p <0.05.
*tAFyatues with different superscripts with rows are significantly different by Duncan’s multiple range test at p <0.05.

whey-k-carrageenan, ~'WA: whey-sodium alginate.
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Table 6. Changes in bread hardness at 0 and 4 days after baking from frozen doughs containing milk proteins and gums and stored at —

20°C for 1 to 8 weeks (Unit: kgf)
Storage time

Samples 1 week® 2 weeks 4 weeks 6 weeks 8 weeks
0 day” 4 days 0 day 4 days 0 day 4 days 0 day 4 days 0 day 4 days
Control *0.24+ *0.56+ *0.24+ *0.60+ *0.25+ *0.63+ *0.26x 0.65+ *0.27+ Y0.67+
0.01° 0.03* 0.00" 0.00" 0.01¢ 0.03° 0.00° 0.00° 0.02f 0.04¢
CK? 021= *0.52+ 021+ Y0.54= *0.25+ *0.55¢ *0.24= 0.60= *0.26+ ’0.64=
0.00° 0.01* 0.00° 0.024 0.03¢ 0.02¢ 0.01° 0.00° 0.01" 0.02¢
CAY 021+ 047+ ¥0.23+ 70.54+ ¥0.22+ "0.55+ 0.24+ .64+ 0.27= *0.75+
0.00° 0.04° 0.01® 0.00* 0.02¢ 0.03° 0.03" 0.03¢ 0.02' 0.01°
WK "0.21+ Y044+ *0.21+ ?0.49+ *0.23+ *0.52+ *0.20+ Y0.54+ 021+ “0.55+
0.00° 0.02¢ 0.00" 0.02* 0.00¢ 0.01¢ 0.01° 0.00° 0.01° 0.00¢
WAY *0.24+ *0.59+ V0.24+ *0.60= *0.22+ *0.67+ *0.22+ *0.70+ 023+ *0.77+
0.01° 0.05° 0.02° 0.034 0.03¢ 0.03¢ 0.03° 0.01° 0.00 0.03°

"Control: wheat flour 100%,

“Storage time in frozen dough at —20°C for 1 to 8 weeks before baking.

7'Storage time in bread at room temperature made with frozen dough.

UCK: casein-k-carrageenan, "'CA: casein-sodium alginate, YWK: whey-k-carrageenan, "WA: whey-sodium alginate.

**Values with different superscripts with columns are significantly different by Duncan’s multiple range test at p <0.05.
“tAFValues with different superscripts with rows are significantly different by Duncan’s multiple range test at p < 0.05.
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