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Abstract

Milk protein-gum conjugates were prepared by Maillard reaction and added to dough to investigate the possibile
use of them as anti-staling agents in bread. Four different types of conjugates were added to dough, i.e., casein-k
-camageenan (CK), casein-sodium alginate (CA), whey-x-camrageenan (WK) and whey-sodium alginate (WA). Their
addition to flour increased the gelatinization temperature, water absorption and development time of the dough.
Extensogram showed the increased resistance to extension of the doughs resulting from the addition of the conjugates.
Moisture content of the breads decreased during storage at ST for 4 days. The breads added with conjugates
had lower extents of the decreases than non-treated degrees and maintained higher moisture content than non-treated
bread after 3 freeze-thaw cycles. The storage degrees at 5T for 4 days affected the increased bread hardness,
but, addition of WA conjugate decreased extents of the increases. Therefore, milk protein-gum conjugates, especially
WA conjugate, contributed to retarding staling of breads
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Table 1. Formulation for bread added with milk protein-gum
conjugates
(Unit: % flour basis)

Samplel)
Ingredients
Control CK CA WK WA
Flour 100 100 100 100 100
Water 63 63 63 63 63
Insant dry 5 25 25 25 25
yeast
Yeast food 0.5 05 05 05 05
Sugar 6 6 6 6 6
Salt 2 2 2 2 2
3 3 3 3 3
Shortening 4 4 4 4 4
Ascorbic acid 4 mg 4 mg 4 mg 4 mg 4 mg
Casein - 0.6 06
Whey protein - - - 0.6 0.6
Carrageenan - 0.6 - 0.6
i : . 06 . 06

"Control; non-adding conjugate, Casein-K-carrageenan conjugate; Casein-sodium
alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium
alginate conjugate.
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Table 2. Amylogram data of wheat flour doughs containing milk
protein-gum conjugates
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Characteristics P——— arr(l; — W
teﬁ‘;,léﬂ’t‘flrzﬁ‘if"oc) $325 655 685 655 65
iy (0 % % %35 9T 9IS
vi;:‘g’i‘fy‘“‘ggfw 7% 780 %0 040 860

“Control; non-adding conjugate, Casein-k-carrageenan conjugate; Casein-sodium
alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium
alginate conjugate.
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Table 3. Farinogram data of wheat flour added with milk
protein-gum conjugates

Samplesl)
Characteristics

Control ~ CK CA WK WA

Water absorption (%) 65.3 663 66.8 66.5 66.5

Development time (min) 12 11 15 11 142
Stability (min) 20 21 2 23 21
Weakness (B.U) 20 4 40 15 20

"Control; non-adding conjugate, Casein-k-carrageenan conjugate; Casein-sodium
alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium
alginate conjugate.
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Table 4. Extensogram data of wheat flour added milk protein-
gum conjugates

Samplesl)
Characteristics
Control  CK CA WK WA
Water
absorption (%) 65.5 66.5 66.5 66.5 66.5

45 min® 230 180 215 180 210

Bxtension o0 in  m6 10 212 180 206
(mm)

135min 220 160 208 170 202

.9
Resistance 45min 445 630 618 575 500

© 90min 625 920 780 820 708
extension

BY  3smin 60 90 80 %0 760

“Control, non-adding conjugate, Casein-k-carrageenan conjugate; Cascin-sodium
alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium
alginate conjugate.
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Table 5. Changes in moisture content of fresh bread just baked and bread aged at 5T for 4 days after baking made with frozen doughs
subjected to 1~3 freeze-thaw cycles

(Unit: %)
Freeze-thaw cycl%z) (days)S)
Samples” P 2 P
0 day” 4 days’ 0 day” 4 days” 0 day” 4 days”

Control '43.38+0.08" 41,53+0.24° "43,56+0.29" 940.95:091° 43234033 741.5240.04°

CK *43.49+40.12° 41481026 42.97+0.48" %40,12+0.54> 43.1240.11° 42344071

CA 43 4140.36° 41274022 *43.82:0.19* *41.4940.25° 42 80+0.44° 941.54+024"

WK *43.28+0.54° 41334017 *43.40+029" 40.28+0.50° 43270.51° *41.8740.14°

WA 43,0410.50° 41.65+0.11° 94328+0.09* *41.14£032° - ¥42.70+021° ¥41.70+0.22°

"Contral; non-adding conjugate, Casein-i-carrageenan conjugate; Casein-sodium alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium alginate conjugate.
Frecze-thaw cycles with frozen dough before baking.
)Storage time with bread at room temperature after baking from frozen dough.
:yvalues with different superscripts with colummns are significantly different by Duncan’s multiple range test at p<0.05.
*bAB values with different superscripts with tows are significantly different by T-test at p<0.05.
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Table 6. Changes in bread hardness at 0 and 4 days after baking from frozen doughs containing milk protein-gum conjugates and subjected
to 1~3 freeze-thaw cycles

(Unit: kgf)
Freeze-thaw cyclfsz) (days)g)
Sarnplml) P 2 P
0 daya) 4 daysa) 0 dast 4 daysa) 0 day” 4 dayss)

Control %0.25+0.08" 0.5440.24° %0.2040.29* '0.58091" 023033 %0.65+0.04°

(K 02340.12° %0.58+0.26° %0.2340.48" "0.6410.54 0.240.11° ¥0.57+0.71°

CA %0.20+0.36" 053:022° %0.23+0.19* 059025 ¥0.21+0.44° 0.59+0.24°

WK 0.21+0.54" 0.56+0.17° 0.224029* '0.5740.59” 0.23:051° 0.48+0.14°

WA 0.20:0.50° 0.4240.11° ¥0.20+0.09* "0.46:0.32° 70.20+021° %0,53:0.22°

UControl; non-adding conjugate, Casein-k-carrageenan conjugate; Casein-sodium alginate conjugate; WK, whey-k-carrageenan conjugate; WA, whey-sodium alginate conjugate.
PFreeze-thaw cycles with frozen dough before baking.
3)Storage time with bread at room temperature after baking from frozen dough.
“:values with different superscripts with columns are significantly different by Duncan’s multiple range test at p<0.05.
*BABS o les with different superscripts with rows are significantly different by T-test at p<0.05.
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