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Quality Characteristics of Low-Fat Muffins Containing Whey Protein Concentrate
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Abstract

The aim of this study was to develop muffins with whey protein concentrate (WPC) substituted for fat at the
content of 10%, 20%, 40% or 80%. The quality characteristics were compared with those of a full-fat counterpart.
With increasing WPC content, moisture, protein, and ash contents increased, fat content decreased, volume and
specific volume of muffin decreased, but weight was unaffected. Crust lightness and yellowness of muffins
increased, but redness decreased with increasing amount of WPC. Hardness, cohesiveness, springiness, gumminess
and brittleness: were the highest in muffin substituted with 80% WPC. Results of sensory evaluation indicated that
muffin with up to 40% of the butter substituted by WPC was considered to be as acceptable as the control muffin

prepared without WPC.
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777, Juki, Japan)Z ©o]&3}e] L(lightness), a(redness),
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rheometer(Compac-100, Sun Scientific, Japan)& A}&-3&}
o] masticability testE® HA)slR T 7 E(hardness), <3
4 (cohesiveness), €A(springiness), 74 (gumminess) =
B XA A (brittleness) 5 ZAFsGth & A3 2Y 374
o] AlEE 3x3x3 cmZ Z4Z4 FAe &Fslgoen &3

Z72 test type: mastication, load cell: 2 kg, adaptor

Table 1. Formula for muffins substituted with different
levels of whey protein concentrate(WPC)

. Group

Ingredients@ —c 5530 s20  s40 580
flour 100 100 100 100 100

butter 50 45 40 30 10

WPC - 5 10 20 40

sugar 50 50 50 50 50

egg 50 50 50 50 50

milk 50 50 50 50 50
baking power  3.33 333 3.33 3.33 333
salt 0.33 0.33 0.33 0.33 0.33

Y$-0: 0% substitution for butter
S-10: 10% substitution for butter
S-20: 20% substitution for butter
S-40: 40% substitution for butter
S-80: 80% substitution for butter

Sz 7here ) A28 4632000
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Table 2. Proximate compositions of muffins substituted
with different levels of WPC for butter (% wet basis)
Group Moisture Protein Fat Ash
WPC 4514001 52441200 0.38+0.04 5.16x0.01

S0V 32.18+1.82" 6.55+0.24" 15.42+1.88" 1.07+0.02°
S-10  33.96:093° 6.76+0.01° 14.24+1.49"™ 1.07:0.01°
S-20  35.74+029°  7.41+0.04° 13.20:0.77° 1.11:0.00"
S-40  37.27+023°  7.53:0.08" 8.89:0.97° 1.14:0.04°
S-80 400140065 9.82+0.04° 4.86+0.64° 1.24+0.00°

YSee the legend of Table 1.

Each value is meanzstandard deviation(SD).

“Means with different letters within a column are significantly
different from each other at a=0.05 as determined by
Duncan’s multiple range test.
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Fig. 1. Baking properties of muffins substituted with
different levels of WPC for butter. S-0: 0% substitution for
butter, S-10: 10% substitution for butter, S-20: 20% substitution
for butter, S-40: 40% substitution for butter, S-80: 80%
substitution for butter
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Table 3. Hunter L,a,b value of muffins substituted with
different levels of WPC for butter

Group L a b

S-0V 71464208  7.54+1.14° 40.03+2.80"
S-10  73.66+0.60" 6.21+1.38" 43.67£122°
Crust S-20  75.5242.29™ 6.48+1.57" 46.67+1.08™
S-40  77.34+1.88° 3.68+1.03" 45.67+1.86™
S-80  78.37+0.98° 2.09+1.78° 48.39+2.29°
S0  78.48+1.40" -0.66+0.16" 23.17+0.62"
S-10  81.92+144° -0.67+0.26" 23.79+0.41°
Crumb S20  80.38+2.58" -0.67+0.08" 25.12+0.75™
S-40  79.44+1.52° -1.06+0.24° 25.34+0.75°
S-80  82.13£1.59° -1.19+0.45° 24.12+0.58™

YSee the legend of Table 1.

Each value is mean+SD.
“Means with different letters within a column are significantly
different from each other at a=0.05 as determined by
Duncan’s multiple range test.
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Fig. 2. Photographs of vertical sections of muffins
substituted with different levels of WPC for butter.

A: 0% substitution for butter, B: 10% substitution for butter,
C: 20% substitution for butter, D: 40% substitution for
butter, E: 80% substitution for butter.

Table 4. Texture value of muffins substituted with different levels of WPC for butter

Group Hardne;ss Cohesiveness Springiness Gumminess Brittleness
(g/em’) (%) (%) 63 : (®

s-0Y 472.48+50.13* 22934297° 22.45:4.99" 42014773 10.31:1.57°

$-10 448.23+70.60° 13.91+4.60° 15.52+4.99° 27.8046.77° 7.15+0.72°

$-20 481.17+42.33" 2039+4.37° 21.77+4.10™ 39.7548.75" 8.95+0.23°

S-40 490.70+68.11° 23.82+3.99° 25.8345.63° 47.38+821° 12.82+1.83°

S-80 691.63486.56" 47.3243.31° 56.24+4.23° 144.38+13.08° 84.82+5.69°

YSee the legend of Table 1.
Each value is mean+SD.

DMeans with different letters within a column are significantly different from each other at a=0.05 as determined by Duncan’s

multiple range test.
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Table 5. Sensory scores of muffins substituted with different levels of WPC for butter

Group Surface color Interior color Savory taste Softness Air cell size
s-0" 6.28+0.75% 5.56+0.61° 6.28+0.66" 5.89+0.96™ 5.36+1.00°
$-10 6.06+0.72° 5.72+0.82° 6.28+0.89° 6.17+1.20" 5.32+0.88"
$-20 5.39+0.97° 4.89+0.75° 6.11+0.90" 5.50+0.98" 5.23+0.97
S-40 5.06+1.01° 4.61+0.69° 5.72+0.82° 5.33+0.90% 4.61+1.37
S-80 3.72+0.97° 3.89+0.83° 4.67+0.76° 4.89+0.83° 3.61+1.24°

YSee the legend of Table 1.
Each value is mean+SD(1: very weak, 9: very strong).

PMeans with different letters within a column are significantly different from each other at a=0.05 as determined by Duncan’s

multiple range test.

Table 6. Consumer acceptance of muffins substituted with different levels of WPC for butter

Groups SO0 SO-10 SO-20 SO-40 SO-80
Appearance 6.41+0.87° 6.54+0.89" 5.78+0.89° 5.43+0.96° 4.81+0.88°
Overall acceptability 6.61+0.78° 6.72+0.95 6.4420.98" 6.17+0.85" 4.89+1.03°

"See the legend of Table 1.

YEach value is mean+SD(1: dislike extremely, 9: like extremely).

YMean with different letters within a row are significantly different from each other at a=0.05 as determined by Duncan’s multiple

range test
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