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Characteristics of Sugar Cookies with Replacement
of Sucrose with Sugar Alcohols
(II) Textural Characteristics of Sugar Alcohol Cookies
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Abstract

The purpose of this study was to investigate the effect of replacement of 35, 50, 75, 100% of sucrose
by sugar alcohols on the texture of sugar cookies. The moistness of dough decreased as the amount
of isomalt increased in cookie formula. From the texture profile for rheological properties of dough,
hardness and adhesiveness of dough increased as the amount of isomalt increased. From the texture
profile for sugar cookie measured by snap test and probing, hardness and brittleness of cookies increased
as the levels of replacement decreased. Especially the addition of lactitol increased brittleness of cookies.
In addition texture of cookies was close to control cookie as the levels of replacement decreased.
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9%, 3 8-3+eF 0.4%), e (sucrose; (F)A LA D), FLEF
(sugar alcohols)e] 3, BFaZF-2 (F)Cultor?] xylitol, lac-
titol, isomalt, ¥ 2A] &<l maltitol(Towa chemical in-
dustry Co., LTD., Japan)¥ 48] AL-&-3t9l 2w, AL
49 P (sugar) & 25 £/ =L Rdduigoh £ A
of A-4-9 sugar cookie?] W& (9)& BR(15)9} Ze).

Sugar cookie2| H|z=2i

Sugar cookie= AACC method 10-52(16)¢l we} A
z3lg o], Az An e FUsir(15). YA)e] &
'} cookie HFE-& 255 &4 5le] 3011°Cr & o ®A
110g A= wojuje] w3 2A71-& 3434932, 204°C
ol A 78-7F 914 sugar cookieZ A 27HA] Wt £
ZA3od24X 7t ¥ ANAAL 227} FHL

Sugar cookie 2H=Ee| 7{A|A 24

Cookie HFEollA] dZ2] EFo w7l k52| &
Aol ulz)= ofg-g dolr 7| $J8te] texture analyzer
(TA-X2, Stable Micro System, England)& ©]-43}o3 1t
Zo] BAS A8t A ¥ FulE 110g9] WS
welfo] k] ex g 243tm oF 30+1°C7L 4 o &
7] (dough preparation)ol] ®ol | -& W& 3 Table 13}
e z2A 02 A8-E APttt Texture profileel] A Al
Z 6mm®} probe(P/6)7} BFE& 22 20mm HFF o
s} 2 (compression)el] 2}3)] 2= 2 o 3] (maximum force; g)
7} o) A A7}=] 2] HA (area 1:2; g - )& A2 (hard-
ness) 2.2 b gt el & probert HEE ol A ¥Eo
2 oA v e o 9= 2 43 (minimum foree; g)7
oluje] WA (area 2:3; g - s)& ¥4 (adhesiveness) >

2 vehi e (Fig. 1).
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Table 1. Condition of texture measurement for rheological
properties of dough

Hardness of cookie dough measured by probing

Mode : Measure force in compression
Option : Return to start

Pre-test speed: 5.0 mm/s

Test-speed : 3.0 mm/s

Post-test speed : 10.0 mm/s

Distance : 20 mm

Trigger type: Auto-5g

Data acquisition rate: 200 pps

Accessory : 6mm cylinder probe(P/6), dough preparation
set(A/DP)-using 5kg load cell

Force(g)l 2 3

a a : Maximum force(g)
b : Area 1 : 2(gXs)
c: Area 2 : 3(gXs)
d  Minimum force(g)

b
0 c time(s)
d

Hardness; Maximum force(g), Area 1:2(g+s)
Adhesiveness; Minimum force(g), Area 2:3(g-s)

Fig. 1. Schematic diagram of texture graph for rheological
properties of dough.

Table 2. Condition of texture measurement for sugar
cookies by snap test

Resistance of cookies to bend of ‘snap test’

Mode : Measure force in compression
Option : Return to start

Pre-test speed : 5.0 mm/s

Test-speed : 05 mm/s

Post-test speed : 10.0 mm/s

Distance : 5 mm

Trigger type : Auto-20g

Data acquisition rate @ 400 pps

Accessory : 3-Point bending rig(HDF/3PB)-using 5kg load cell

42cm 7YA 9 F A X} Abo]el| cookied $ 3L blade”}
cookieEH ol 22 & 5mm HF8HA sl A4 cookiert T4
o] A 214 w(snapping) 47)& 24H 54& A3
et Cookie7t Al ol A 7oA of wh H )3 (max-
imum force; g)& 7 ¥ (hardness) 2 %A 8}, o] A|H 7}
2] blade7} A 53 7 2] (distance)$}t A ZH(time) 2] A
Z Jehfiglch 08 oA o] XA7A 2 7]-&7] (slope; g/
$)E 7| A A (brittleness) 22 Ve 3l 2, 3 ¥ (max
D A EF e} 2771919 FAE snapping force(2 o
bh¥/3L) & Al4kslsd et e1714 ¢ & # ™3] (maximum fo-
rce)e] I b cookied) 4l o] (widthness), h& 57 (thic-
kness), L-& A A o} Ato]9] A g](distance between the
bottom supports)e] cH(Fig. 2).
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1 2
Force(g)

a : Maximum force(g)

b : Slope 1 : 2(g/s)
b ¢ ! Time(s)
0 c Time(s)

Hardness; Maximum force(g), Brittleness ; Slope 1 : 2(g/s)
Snapping force=2 ¢ bh¥/3L( ¢ ; maximum force b; width-
ness of cookie, h; thickness of cookie, L; distance between
the bottom supports)

Fig. 2. Schematic diagram of texture graph for sugar
cookies by snap test.

Table 3. Condition of texture measurement for sugar
cookies by probing

Hardness measurement of cookie by probing

Mode : Measure force in compression
Option : Return to start

Pre-test speed : 5.0 mm/s

Test-speed : 0.5 mm/s

Post-test speed : 10.0 mm/s

Distance : 4 mm

Trigger type : Auto-5g

Data acquisition rate : 200 pps

Accessory : 5mm cylinder probe(P/5)-using 5kg load cell

(time; s)& FAI3Fa, 1) ZAbell vebubE peak(hold;
100g)9] 7W4=(number of peak)S A (Z, vlAlujat
3}; brittleness) 2 & vFeh ¢l ok, 28] 2 hardness®} br-
ittleness®] 8.91¢l A A| 23 AR (area 1:2; g-s)S
veh A oh(Fig. 3).
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A b : Slope 2 : 3(g/s)
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0 Time(s)

Hardness; Maximum force(g), Slope 2:3(g)
Brittleness; Number of peak
Hardness-Brittleness-Cookie; Area 1:2 (g - s)

Fig. 3. Schematic diagram of texture graph for sugar
cookies by probing. .
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Table 4. Effect of replacing sucrose by sugar alcohols on rheological properties of cookie dough

Replacement of Sucrose Sugar alcohols

sweetner for sucrose 100% Xylitol Maltitol Lactitol Isomalt
Max.F" 162+ 3.8% 70+ 1.4° 97+ 1.8 87+ 2.1° 128+ 3.2°

59 Area 12 769+11.1° 322+ 81° 448+11.2° 408+10.8° 586+12.0°
Min.F? -106* 45° -5+ 13° -55+ 0.8 -54+ 19° -76% 05°
Area 2% -127£10.3° -72+ 2.4° -77+ 34 -79% 4.4° -86+ 9.0°
Max.F 162+ 3.8° 81t 2.4° 124+ 2.3 111+ 34° 134+ 27°

50% Area 1 769+11.1° 368+14.5° 567+135° 514t12.3‘: 626i11.0:
Min.F -106+ 45° -60t 19° -T2+ 2.(° -65+ 1.2 -78+ 1.1
Area 2 -127+10.3° -83+ 25° -88+ 2.1 -87+ 4.2° -97+ 44°
Max.F 162+ 3.8 120+ 4.1° 151+ 5.0° 212+ 59° 365+ 87

759 Area 1 769+11.1° 543£10.8° 706+ 16.0° 1,012+ 99° 1,928 4395
MinF -106£ 45° -81+ 15° -94+ 09° -119+ 38 -179% 6.0°
Area 2 -127+10.3° ~87+10.0° -112+ 49° -135+15.3° -151% 8.0°
Max.F 162+ 3.8 123+ 19° 163+ 7.8° 217+ 42° 589+10.9°

100% Area 1 769%11.1° 589+23.3° 785=136° 1015+ 94 3,008=11.4°
Min.F -106+ 45° -84+ 1.7 -99+ 35° -129% 43¢ -953+ 98°
Area 2 -127+10.3* -117£105° -129+ 9.8 -149£10.4° -282+11.7°

i)Max.Fi Maximum force(g), ZArea 1(1:2): g - s, °MinF : Minimum force(g), “Area 2(2:3): g - s
Means of ten replicates in which the same superscripts in each column are not significantly different(p<0.05).
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Table 5. Effect of replacing sucrose by sugar alcohols on texture of sugar cookies(measured by snap test)

Replacement of Sucrose Sugar alcohols
sweetner for sucrose 100% Xylitol Maltitol Lactitol Isomalt
MaxF"  3894%185°  3138+102° 3,958+ 160° 3657£116° 3867+133°
0 Slope? 2,790+ 227° 1,930+ 140° 3272172 2,904+147% 3043138
35% . 3) b a c c be
Time 13702 1602 1.1£0.1 1.1%0.1 1101
S-F¥ 3964.7 - 3,295.0 2,826.1 3,207.9
Max.F 3,804+185° 2,835+ 143° 37224952 3,363 % 146° 3513132
s00¢ ~ Slope 2,790 +227° 1,126+49° 3,338+131° 2,63799° 3,151 107"
Time 1.3+02° 25+0.2° 1.0+0.2¢ 1L1+0.1° 1.0+0.1%
S-F 3.964.7 - 2,905.0 2,449.0 2,869.8
Max.F 3,894+185° 1,467+ 199° 3,373£151° 2,450+ 160° 2,765+ 126°
759 Slope 2790 £227° 40181¢ 3256+133° 2,352+ 181° 2,792+165°
Time 1.3£02° 35+03° 0.9+0.2° 09+0.1° 0.9+0.2°
S-F 3,964.7 - 2,491.3 1,732.8 2,100.0
Max.F 3,804+ 185 1,116+ 46° 3,336+221° 2,332+ 259° 2,693+ 246°
100% Slope 2,790+ 227° 304£18° 2521+219° 1,701 160 2,234+ 266°
Time 1.3+02° 35+0.2* 1.3£01° C1.3102° 1.1+02°
S-F 3,964.7 - 2,551.6 1,703.9 1,900.0

YMax F : Maximum force(g), “Slope(g/s), ¥ Time(s)

5. F: Snapping force=2 6 bh%/3L( ¢ : Max - force, b: widthness, h: thickness, L: distance between the bottom supprts)
®Means of ten replicates in which the same superscripts in each column are not significantly different(p<0.05).
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peak®] 77} %243 brittleness7} $-3hch. 3
o £2& w7128 AlE distance, A8l A17HE time
o 2 9] on probing force(g)+t probed] WA= J 5
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A - Ay ol A = ol §- mpalelAE cookied A2
F U8S 4 5 dsith A=} vpanlAlgh cookieZt
probeollA] 22l =& A7 & 2% Yehlls A AdA
(areal: 2 g) S AEI} =30, test B 2 AEE A
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Table 6. Effect of replacing sucrose by sugar alcohols on texture of sugar cookies(measured by probing test)
Replacement of Sucrose Sugar alcohols
sweetner for sucrose 100% Xylitol Maltitol Lactitol Isomalt
N-pY 38.3+33% 65+1.7° 431+7.0° 47.2%5.4° 41.2£50
359 Max.F? 4,047 248° 2,589+182° 3,545+ 250 3371+219° 3,408+389°
Slope” 2,514+276™ 1,248+ 148° 2,736£269° 2,293+ 7807 2,205+601"
Area 1% 13,408+1,199" 9,022+ 398° 10,921 £1,399" 8,5561,785° 8,881 1+1,273°
N-P 383+33° 22+08° 342443 48757 32.3+45°
50% Max.F 4,047+ 248" 1,868 £126° 3,358 +244° 3,154+ 217 2,977+263°
Slope 2514+ 276 692+ 108 2,766+ 332° 2,201 +367° 2,079+239°
Area 1 13,408+1,199° 8,115%735° 7374+1,169° 9,213+994" 7,103+579°
N-P 383+33" 18106 36.314.0% 51.1%56" 33.1£55°
759% Max.F 4,047+248° 817+40° 3,139+189° 2779+206° 2,967+ 186°
Slope 2514+ 276° 227+43° 2,238+ 366° 2,028+221° 2339+ 374
Area 1 13,408£1,199° 5,042+231° 6,538+ 1,085° 7694+1,204° 7,737+1,398"
N-P 38.3+3.3" 2.010.0° 30.1+3.9° 30.2£357 35.4£3.0°
100% Max.F 4,047+248° 515+ 45° 3,103+190° 2,081+151° 2,452+ 240°
Slope 2514+ 276° 79+5° 1,943+ 199" 1,448 +158° 1,744+303°
13,408 +1,199° 3,483+362° 9,414 +816° 6,135£540° 5,939+ 356°
i)N - P: Number of peak, “Max.F: Maximum force(g), *Slope(g/s), “Area 1(1:2) : g - s
"Means of fifteen replicates in which the same superscripts in each column are not significantly different(p<0.05).
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Fig. 4. Comparison of maximum force measured by prob-
ing and hardness obtained by sensory evaluation
of sugar cookies.

X: Xylitol, M: Maltitol, L: Lactitol, I: Isomalt
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Fig. 5. Comparison of number of peak by probing and
brittleness by sensory evaluation of sugar cookies.
Refer to the legend in Fig. 4.
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