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Abstract

The quality attributes of bread made with milk protein (casein, C; whey protein, W) and polysaccharide

(sodium alginate, A; k-carrageenan, K) mixtures were investigated to study the method to suppressing quality deterioration
during storage. Bread prepared with the CA mixture had a higher specific loaf volume compared to the control. And bread
made with the WA mixture had reduced moisture loss during storage compared to the control. The hardness of control
and breads containing protein-polysaccharide mixtures increased during storage, but hardness increased more in the control
than the treatments. In terms of crumb color, the breads containing protein-polysaccharide mixtures had higher L* values,
but lower a* and b* values than the control. Finally, there were no significant differences in sensory quality among the
control and treatment breads. Overall, data indicate that the addition of CA and WA improved the baking quality of bread

and retarded staling.
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carrageenan, xanthan gum, guar gum 52| ZHAF H7P7F %E

o] e AgAZOH, Luoe WEAY N1 B o155}
Lo AMAA sl B3 2™, Duboiset Blockcolsky(lO)T:
WYEHk=ol| xanthan gum} carboxymethyl celluloseE 371l &
FHElO] &3S o AT 717E AR AT Bt
o|AY WEurEel gk AFEo] & WP AR 25
3 iio]‘: EP—’F@r%B} ‘:}““7%1—4 EFES dsvsd Hrtet
FAIZ A= ¥ He A4

Sr3lE2l sodium alginate= T2
& WA 540l Jlo] ofelazy e by
AHE3IH, alginates= "] stalingS RSk H7HAEA AL
S{,\E]-(ll) Th'3F & k-carrageenans ©}0] =R 3} W EA|
A2 AREE™, k-carrageenan®] M7t BEA Al @
Pkl A ste] Aol &7t o] AEe]

kL FFATH(12).
‘ﬂ.‘él‘ﬂ casein? whey protein®] 77} o] g, who)
e A, el 7 g 2R de 513 ARE14)
NAAZIH, Wi=e] FHFo] AL FRgrde] Frhett
SFATH1S). Erdogdu-Amoczky 5(16)> whey protein®] -5k
o] FTRITRE WA e a7t Ao acid casein W]
Fyujof] 32 vZITAL A, Kenny 5(2) sodium caseinate
2} whey protein®] proof timeS TFAAIZ|H wWhe] RIS F7HA|
713 ZA7He NAAZITE. B AEF 3L, Wang (17}: casein
TRl A4S =91 deAARe] AVE A

2} whey protein®] &
2 At Bas) ol EdRQl alginate TEOE f

ko
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2 Al AMES F DAL casein(Meggle GMBH,
Munich, Germany)3 whey protein(Borculo Domo Ingredients,
Borculo, Netherland)S T3 sodium alginate(Fuji Chemical
Industry Co., Wakayama, Japan)2} k-carrageenan(Korea carrageen
Co., Itd., Suncheon, Koreay2 AHE-3I5th WS Ax317] $35)
of AR A AEE AEE AHE WHRHEE 14.0%, 9
A 125%, 3E 038%, Dongah Flour Mills, Seoul, Korea),
instant dry yeast(Nisshin Flour Milling Co., Ltd., Marcq,
France), yeast food(Samlip Co., Siheung, Korea), 4 &(Samyang
Co., Ulsan, Korea), skim milk powder(Seoul Milk Co., Seoul,
Korea), ascorbic acid(Hebei welcome pharmaceutical Co., Shijiaz-
huang Hebei, China), ¥}7}&(Lotte Samkang Co., Seoul, Korea),

A>3 (Hanju, Muan, Koreay2 ©]-8-3ted A3}t

AEUY

B AFof ALg-3F vhilE tbg-{ &3 (protein-polysaccharide
mixtures, 1:1x2 9 T ZQ casein(C), whey protein(W)2} Tk
F5H<9] k-carrageenan(K), sodium alginate(AYS ZHz} 0.8%% &3
A7t er 1 E3E-2 casein-sodium alginate(CA), casein-k-
carrageenan(CK), whey-sodium alginate(WA) % whey-k-carrag-
eenan(WK)SATE. 21We] 8 wigd H]&2 Table 13} 2%om

Table 1. Formulation for bread added with milk protein-polysaccharide mixtures

‘Wheat flour+protein-polysaccharide mixtures+other ingredients
\

Mixing
2 min, 100 rpm—2 min, 190 rpm—2 min, 100 rpm—>5 min, 190 rpm

2

| Dividing/Molding |
2

‘ Shaping ‘
2

‘ Deep freezing (at -40°C for 3 hr) ‘
2

‘ Frozen storage (at -20°C, 1-6 d) ‘
2

‘ Thawing (at 5°C for 15 hr) ‘
2

‘ Re-rounding ‘
2

| Bench resting (25°C for 10 min) |
2

| Shaping/Molding |
2

‘ Proofing (35, 85% for 50 min) ‘
2

‘ Baking (at 160/180°C for 35 min) ‘

Fig. 1. Procedure for making bread from frozen dough using
straight dough method.

Fig. 13} o] 27 W3(AACC Approved Method 10-10B)(18)
o2 AZA[TE AMA] ¥ spinal mixer(PM-250 S, Shihung,
Korea)Z 331392 100 rpmoll A 2%, 190 rppmollA] 287+ &5+

(Unit: % flour basis)

Samples" Protein-polysaccharide mixtures®

Ingredients Control CA CK WA WK
Flour? 100.0 100.0 100.0 100.0 100.0
Water 63.0 64.0 64.0 64.0 64.0
Instant dry yeast 2.50 2.50 2.50 2.50 2.50
Yeast food 0.50 0.50 0.50 0.50 0.50
Salt 2.00 2.00 2.00 2.00 2.00
Sugar 6.00 6.00 6.00 6.00 6.00
Skim milk powder 3.00 3.00 3.00 3.00 3.00
Margarine 4.00 4.00 4.00 4.00 4.00
Ascorbic acid 1.00 1.00 1.00 1.00 1.00
Sodium alginate - 0.80 - 0.80 -
Carrageenan - - 0.80 - 0.80
Casein - 0.80 0.80 - -
Whey protein - - - 0.80 0.80

DControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
f)Wheat flour was obtained from Hangook milling company (protein 12.4%, ash 0.44%, moisture 14.0%).
dProtein-polysaccharide mixtures was prepared in the same rate by weight of protein and polysaccharide and was used 0.8% based on wheat flour.
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gk Rujo] vjZA FAISI T Awe] 27| 7hE s
= AACC (44-15A)(18) PO 2mke] 7490 HEA crumb
FETS AT ASE ARSSFAAL crumb RS v o] Ho}
4°C8t 20°CoNA 447 A 5 A T SR HSE P
Az 718 Ao 435t we] B2 WskeE Wl crumb
HES 20x20x13cm’ Z7|E #E} texture analyzer(TA-XT2,
Stable Micro Systems Ltd., Hasemere, England)Z =734t} A
ol M Wsh= WS 13em FARE Zet HEdwo] Yol 4°C
o} 20°CollA 447+ AT F 2.0x2.0x13em’2 ZEA 43}
Atk AE 20mme! FEH plungerS ©]-&3te] 2cm Eolol
2] two bite compression test2 AP SIATE W] ME==AGL 6
B 20°CoA] YT HASH HEE-g ARS-Ete] We Alxste] X
5 Som, §7 13cmZ A2 TAS ]85t A XA|(Spectropho-
tometer, Minolta CM-3500d, Tokyo, Japan)Z =743}om L*(¥
T), af(AAE), b*EN RS 43] F95le] HHpo R Ve
At} oju zero calibrations™ CM-A 124 box, white calibration=
CM-A 120 boxES AFE-3FIT)

ol IeArE 6d B 20°CAA ¥E 23 vb
&3t W Azt Agoiga AFF) 8o
S R AFAAE] HAE FES] XA
H7FeATE AlE= WS 1.3em FAZE "ojA] A5HAL 108
Aol & FAl s/l Zhz g AR ol AXSAAL, FIRAE
2ue] £ B J&S vX= FHl(form symmetry), 722
(crust color), Bl AJ(break-shred)e] <] 7}e} 4 (crumb
color), 7138-(grain), W Srtexture)2] WFH7}t 2283 daroma),
thtaste), Al 7] E %= (overall acceptability) 5ol wj-$-
VR (1)l A wlg- FTHGR YA 58 IR 53 Ve A e
WMo Hrslsith. 71A1A g% &4 Al s die
SAS packageZ AlM&-slo] ANOVAS) 28] E4agion A
7ol 94 AR tE M9l A1E W% (Duncan’s multiple
range test)(20)2.2 7Z3IATE

LR EEEs #VIsH Ao 54 55X

e AR (AACC method 72-10)(18,19)0 23] =
o, H&A (em’/gy> 2] FAE FAst] FAl o
Z=1.E)ak ‘iﬂi]'

fet Afttto] 2u| A HISH

O3HF £ bt HkEg o] &3] A= Mo
=43t Aol J5-alE cycled] WE HEH Ade
Table 2 3! Table 33 224tk Z12]al A A <134 o
Fig. 2 @ Fig. 33 72skth dix 2o n]8-%2 448 cm’/
Yelion CA HA7HEE 461 cm¥go 2tz A} §¢
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Table 2. Effect of protein-polysaccharide mixtures on volume of

breads made of frozen dough

Samples” Total volume Weight Specific 103af
(cc) (2) volume (cm’/g)
Control 1634.0£26.5  365+3.0° 4.48+0.04"
CA 1660.7+37.9° 360+2.0° 4.61+0.13"
CK 1607.3+20.8 360+2.0° 4.46x0.07™
WA 1554.0£34.6 360+2.0° 4.32+0.08"
WK 1450.7+30.6° 36342.9" 4.00+0.12°¢

UControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-
k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
Values represent means=*standard deviations.

PMeans within the same column with the same letters are not
significantly different (p<0.05).

Table 3. Specific loaf volume of breads made of frozen dough at
different freeze-thaw cycles

Cycles?
Samples”
I 11 1
Control 4.48+0.04™ 4.38+0.10° 4.10£0.16°
CA 4.61£0.13* 4.46£0.10® 4.28+0.10°
CK 4.46+£0.07* 4.40+0.16* 4.12+0.08"
WA 4.32+0.08* 4.15+0.09® 4.13+0.08°
WK 4.00+0.12* 4.10+0.09* 4.17+£0.13*

UControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-
k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
21, I, TIT: Number of freeze-thaw cycle of the dough

Values represent means+standard deviations.

"Means within the same row with the same letters are not
significantly different (»p<0.05).

ARl ztolE HolA] GUAL CK H7H-= 446 cm’/ge® H|S=st
G WASF WK 7= 242 432 cem’/g, 4.00 em¥/gS 2 iz
AET) 2k HE vehfo] tix 2wt fo03<l ztelE
Bt ol @A O E= HrHrddA @Ay i
7t s Age] gQlog FRE EAEe] WETRE FAHA
Falal 2R A YAFEC] GAA AL Bole FIeE 27] o
AsteRA Tk EE S VA slo] wiwlgl WS Fdste W
o] Bule] ZHAE YT Ao HTH2I). WASH WK A7
7} CA®} CK AHA7FtRETE 33971 & AL casein J7IE S5
dg slete] WEe] UFAS Eolil WSl $4Eae-g 3t
= W whey protein®] 5 TR lactoglobulin(e and B)°] &
o3 4A WslE wol ¥E-g oFalA vENT] HER AL
CEdpci=

WE-alE cycled B8 Wa-alse] Svt S o
2} iz 2o] 448 cm’/gollA 4.10 cm’/go 2 7HA3FSI TH(Table
3). WE-slse 37t UKl wet Ryt gAsE olfe
AR 732 F5E Eo|l Wed sless g o dgo=
Hslete] F4E SFEe WY wEo® AZEm22) T 2
= Z2RE E2FH Y= matrixZ2FE 79
W24 A3 dAsHl Hele o & B
7] (angular void)©] A F3)7} Fishe Aolthd). & Aol
A= Inoue®} Bushuk(23)o] A&t ZAHE Weslee] 347t 5
7Vl ulet ¥)-8-2S ZHAEla el SiHe o Hsislon
FEHZA NNE7} crust A et 283 shred(E1EA)7F
A AR shred®rh sy ¥ CA H7H= 461
cm’/gollA 428 em’/gZ, CK 7M1= 4.46 cm’/goll A 4.12 cm’/ge.
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Fig. 2. External shapes of breads made of frozen dough added
with protein-polysaccharide mixtures. Control, wheat flour 100%;
CA, casein-sodium alginate; CK, casein-k-carrageenan; WA, whey-
sodium alginate; WK, whey-k-carrageenan.

2, WA H7HE 432em¥/golA 413 em¥go &2 1 7HAage] &
R WK H7HE foddolxl A% «le]E 4.00 cm¥/goll Al
417 em/ge 2 7Vl WE-dlEs vt Skl wEk o
Z 2R A Ous E3E 7 AWl vlg-Ae] kA
Fo| oA sd vA o EFES AHE AS OdF
o] R T o] kg AR S Aol 7HAE0](24)
WE A Al 4 @ e oz AzE. wel Rue o
N2 3, glutenin} gliadin®] ]FellA H7bse o4 v)g
o] F8aH(25) L & "R FaE AR, S b=
AAA Tl o8 FFS wer drE wE RS 0 yie
] zpolg HoFH "Wrrt Ze4E Ele =7lo], Wt
W Feee =78 FA "k 71230 R vgAe e J
5 veilied BleHo] & WAdRE o 7P A 9l
ow Rrege whH v]gA o] zhe W 7|Fo] Wy

@ Wele epic,

CHEE CIERE EJtst Aol =& &2k H

ol SRR w3l dHde] o 7t e el A
Aol 12%, " ol 45% TR RS A=t olE Asd
W&o ppo] vpgEo g {7 AE S BEE UERA
Hroh gibd oz we] Wzke Wk &£o] 2u 35 3540°CE, i
TS 38%2 S Zlot). el A7 7|7 SRS Table
47} 7ohth AR 2 Fo] FETERRE 4228-42.99%2 A=
v|s=sldnh AgFe] FEdEe gz wEn g ody &
e H7F Awo] =2 A2 W oA sodium alginate}
k-carrageenans H7FgE 7R WiSo|A £ FFgo] 2 A

Control

Fig. 3. Internal shapes of breads made of frozon dough added
with protein-polysaccharide mixtures. Control, wheat flour 100%;
CA, casein-sodium alginate; CK, casein-k-carrageenan; WA, whey-
sodium alginate; WK, whey-k-carrageenan.
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72+-e 730l 2t} Kyung} Lee(8)= k-carrageenandt 7+ 7
FE D7FRel F71R A9 vl wlsl wEgeol =ke
o AR A7 o] dizTEn el vt A7 veEstaL
BETh Wol =shEE 491 9 FRe| o]Fd el
23 FAE Jem sshE o] w3hE7] wiEolet AYzhet
26). AEt 29 ol e ksl ToF FFE Fe
dl e 717 AsE AR 717kl whe sEgrEke] ast
AR o5 o] Uil crumb FHEOIA crustE AojubH
wol] HFE FEo] AR =stol AREHO] 29 olFe]
&FTh Table 4904 Hito] vhE g E9E H7F Aol
BrE A T FEEE] dx uEn gago] A2 AF
& B FE FAaE AQE ARt o] AR Tl FES

Table 4. Moisture contents of breads made of frozen dough

stored at 4°C and 20°C for 4 days (Unit: %)
4°C 20°C
Samples" Day 0
Stored for 4 days
Control 42524127 41.18+1.18° 42.1743.79*
CA 42.88+0.28° 41.67+£2.09° 43.59+1.26°
CK 42.86+0.13° 41.69+6.82° 42.87+0.35°
WA 42.28+0.26° 41.41£2.97° 42.95+2.14°
WK 42.99+0.28° 42.84+4.22° 42.57+1.26°

"Control, wheat flour 100%; CA, casein-sodium alginate; CK, casein-
k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
Values represent means+standard deviations.

IMeans within the same row with the same letters are not
significantly different (»p<0.05).
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Table 5. Effect of protein-polysaccharide mixtures on the textural properties of breads stored at 4°C and 20°C for 4 days

o Storage condition Samples"
Characteristics Control
Day-temperature CA CK WA WK
0-20° 284.0+7.6° #70.4+3.0" #75.8+11.4° ¥84.2420.1° 91.0426.4°
H?Ldrg’ss 4209 ¥254.8+40.9° ¥155.8+18.0¢ ¥171.6422.4< *208.4+32.9" ¥214.6434.0°
& 4-4% *317.8+38.8" %026.8+64.7" %077.2+49.7% %223.0+47.9" *304.6+25.9°
0-20 ¥138.6£30.4° 718 2424.6° 2100.4+52.3" ¥144.8490.1° 2140.0£91.7°
Springiness 420 %616.6+62.6° ¥385.6£69.1° ¥454.6+53.8% %503.0+£76.1° ¥541.0£72.5%
4-4 *645.0£50.4° *578.4+106.8° 653.24102.1° %536.4+168.0° *647.2+48.0°
0-20 ©32.4+38.2° ¥143.2436.4° ¥179.0458.5 ¥207.6+95.8° ¥217.6+105.4°
Cohesiveness 4-20 *396.0+28.9" *361.8+432.0° *433.24104.1° *399.8+39.7° *404.8+40.6"
4-4 ¥349.6+4.2" *378.8427.5% *365.2+10.8% *412.0+74.9° ¥353.6+7.9°
0-20 ¥2.60£1.1° %0.800.8° 2] 60+1.3® ¥3.60+3.0° 24 20+4.9°
Chewiness 420 *63.8+20.0° 22 6£7.9¢ ¥33.849.0% *43.4413.5° Y472411.1%
4-4 ¥72.0+£13.2° 357.6£24.7° 67.8421.1° 48 .8+17.7° %69.8+9.8°

Values represent means+standard deviations.

"Control, wheat flour 100%; CA, casein-sodium alginate; CK, casein-k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan

20 day at 20°C; ¥4 days at 20°C; Y4 days at 4°C

“Means within the same column with the same letters are not significantly different (p<0.05).
®Means within the same row with the same letters are not significantly different (p<0.05).

AAY 5 9 Aoz Yz,

EHHE CIEHRE &I8H Alto| BHIAX s}

we] BlaxE 243 A= Table 59 72Hokch whe] w317}
7P & dojus 259 4CoA 4d7E A e AvAE
243 A3 v ggRw EE H7ESE Wo] 223.0-304.62 A
AolA] e%kS W(704-91.0)0] 3-4Wio] FUHE HALL oA
2 8400014 317.82 A9] 4nle] F7IE R W2 AF T A
a/do] F7ksh ol e wslel AAdel ok A
WS He= T A w3 AgoE doju=d £ AFe A
A9l Z71%e o3l 3} dAte] &3 Ao 7 AztHr).

A 2719 el AL vgA0] 7P Wi WK 7t
2ol 7 =9kal vlgHe] /g A CA A7 7P v
of o] Ax Wsh= v|8As) o] AAAE YEMIdSS ¢
T At} 4°CoA 4U7F AT CASE WA 7} kel A9 iz
wh 317.87 ¥ wf 22687 223.00% Ve ALE HET
ol AR H/PF v W AdEdA FFH T &
A &8 AASY Amrt Akt RasideEn8) £ A
Fo| A% sodium alginate H77F W] AEE 7AAF7] Wi
2 Az BEHAL tx wo] 138.62F CASF CK A7}
9] 782, 10041T} = WASF WK 371 whe] 144.8, 140.0%

Table 6. Crumb color of the breads made of frozen dough
containing protein-polysaccharide mixtures

© HEEen 23717 T AA8] FEh AR 7k &
A Hole A FU3 4ColA 447 A Al fIAA T
20°CellA 447 7o) 739 A7F el A fe]ARl ZpolE UEk
Wtk ole AR HUIRE % o= 2EH 2| ik 5o
FEek Aahet AZHETh2Y).

SRE iz Wl 7P =L, A S5 CK, WK 7
o] iz WHTE =L 4°CollM 44U A Al EE FHT7F ol
iz WET E=tom AR 7F foFQl Zpole 4°CollA 497F
AZAA N YRt A2 Alx gl tix o] CA, CK
H7F WRTE 29 WA, WK 37F WHTRs ST A 3o
w2}t gz o] 7P E=em A ZF f9A<1 Zole 20°Cel
Al 4d7r Ao AR YERSTE 20°CollA 447 A $ HEA
o] ARl Aol WA R EF=C] AR BFEdE 5
XA ] AstE AAANA AEE SR e R
o Aol we weshrb =eA JdEoe] JrjFes Feoe 3t
< F= ZAoE AZHET ol sodium alginate$} k-carrageenan
o] Wl gloja A3zt S XA AR AYzbET

MY TSRS 7S Aol M
A crumbe] MRS FAIG ATHe Table 63 2T WES

HePE LAk tix Wo] 67.6% UEbsaL, H7F e 68.8¢]

Table 7. Crust color of the breads made of frozen dough
containing protein-polysaccharide mixtures

Samples" L* a* b* Samples" L* a* b*

Control 67.6+0.85% 4.10+0.35° 22.1+0.48" Control 39.1+1.52"2 18.2+0.87* 24.1+2.44*
CA 70.0+1.28" 3.12+0.29 19.4+0.52° CA 32.8+0.47¢ 14.1+0.52° 15.4+0.72°
CK 68.8+1.15" 3.17+0.11° 20.0+0.28° CK 34.2+3.34° 14.9+1.87° 16.8+4.61°
WA 70.4+1.16" 3.30+0.43" 19.8+0.93" WA 40.7+3.73° 17.3+0.70* 25.3+3.95°
WK 72.4+0.78* 3.10+0.42° 19.3+1.20° WK 50.8+1.10* 17.4+0.20* 35.3+0.817

Values represent means+standard deviations.

DControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-
k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
PMeans within the same column with the same letters are not
significantly different (p<0.05).

Values represent means+standard deviations.

DControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-
k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan
PMeans within the same column with the same letters are not
significantly different (p<0.05).
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Table 8. Sensory evaluation of breads made of frozen dough with protein-polysaccharide mixtures

Samples”
Sensory
Control CA CK WA WK
Symmetry 3.00£1.07%? 3.63+0.52® 3.63+0.52% 3.88+0.35% 3.38+0.74%
Crust color 3.75£0.71%® 3.00+0.93" 3.00+£0.93" 4.25+0.89* 2.63+0.74¢
Break-shred 4.00+0.76* 3.38+0.92% 3.13+0.64° 3.7541.04% 3.63+0.74*
Crumb color 3.00+£0.76° 3.63+0.92* 3.38+0.52% 3.63+0.74® 3.88+0.83*
Grain 2.88+0.64° 3.25+0.71% 3.38+0.74% 4.00+0.76* 3.75+0.46™
Texture 2.75+0.71° 3.50+0.53%* 3.13+0.64® 3.88+0.83* 3.38+0.74%
Aroma 3.25+0.71° 3.25+0.71° 3.25+0.46 3.3840.52% 3.38+0.52*
Taste 3.75+1.04* 3.25+0.89* 3.50+0.53* 3.63+0.74% 3.63+£0.52*
Overall acceptability 3.75+0.89* 3.88+0.64% 3.50£0.76* 3.50+0.53° 4.00+£1.07*

Values represent means+standard deviations.

UControl, wheat flour 100%; CA, casein-sodium alginate; CK, casein-k-carrageenan; WA, whey-sodium alginate; WK, whey-k-carrageenan.
IMeans within the same row with the same letters are not significantly different (p<0.05).
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