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THREBEREZR  AAREARBZHELER o LA LMk B FT
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BS 5% 1 B5 47 (acesulfame-K) & 3% & #| polydextrose HAXZR A 4a &
R ER -  UMERRBEZHEAHB > TH A RE S @Rt E
(response surface methodology) » &F K&k #eH & BB - BIKAF
R EAEERE BEREASEEEEEHZE/LRY - B
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KEWb) AR BE Y > BRAERAMKTEH  AEAEREER  H
3R E shfo Bk 1R S 4534 B BRE £ B (p>0.05)° B polydextrose
RIABHHILBEEZBEREBRRERE  LABETEEHOHILEE
BRE 85 ((<0.05)  MRBEHEGRIK  ERANRE > SmEE
B2 M B2 800 (p<0.05) » Bk BR3P Sh & ok 3R (p<0.05) 0 A E
Z B EBEBMD<0.05) > EnATHLHEEAN - ot BTRK
1K 67% & K 18% % & -

e F AR B > AT EHAE S ez gk
BEBMB R C#MAEE BKD<0.05) EmkEoss
24%R 41% - BERT TR YA BE T O HAEN TR > B
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Abstract

Cake is rich in calories and sugar. For the purpose of making
high-quality and low-calorie cake products, aspartame, encapsulated
aspartame, or acesulfame-K were used as sweeteners and polydextrose
as a bulking agent, to partially replace sucrose in chiffon cakes.
Response surface methodology (RSM) was used to optimize the
formulations of low-sugar cakes. Then, physiochemical characteristics
of cake batter, qualities of products and quality changes during storage
for traditional and low-sugar cakes were compared.

When aspartame was used as sweetener, the optimum formulation
of low-sugar cake was a combination of 96% polydextrose, 45%
sucrose, and 70% water on flour basis. Crumbs texture and flavor of
the low-sugar cake were not significantly different from traditional
cake (p>0.05). However, polydextrose increases starch gelatinization
temperature to a higher value than sugar, thus the starch gelatinization
temperature was significantly higher in low-sugar cake batters
(p<0.05). Due to the low viscosity of batters for the low-sugar cake
the retention of air bubbles decrease during baking. Consequently,
the volume of low-sugar cake was significantly smaller (p<0.05).
According to results of sensory evaluation, low-sugar cakes had more
bitter crust. The extent of consumer preference was significantly
lower, but was still in the acceptable range (p<0.05). The formulation
of low-sugar cake reduced 67% amounts of sugar and 18% calories of
traditional cake.

Compared to the cake used encapsulated aspartame as sweetener,
the cake used aspartame powder had lower ratio of aspartame recovery.
The recovery ratio was 24% and 41%, respectively. As the storage
time increased the content of aspartame for low-sugar cakes decreased.
The higher storage temperature, the greater the degradation of
aspartame. About 41-79% aspartame was degraded after 5 days at 25
°C, but did not show obvious changes at -18°C during storage.

The extent of staling of chiffon cake was evaluated according to
the degree of starch retrogradation, hardness and overall scores of
cakes. The degree of staling progressed during storage, especially for
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the first three-days of storage. The degree of staling was faster at 25
‘C and 4°C than at -18°C. The lower sugar concentration of low-

sugar cake resulted in rapid starch retrogradation. Therefore, the
degreed of staling was higher for low-sugar cake.

Key words: Cake, low-sugar, bulking agent, artificial sweeteners,
aspartame.
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MEALZTEHERD  KRENEZBMYE  BERL585
EREH - BARACOLEERRESZHAAN  HHBETR
FEXEFHABRBRARALTTEENEEARASL A48 - Z€k
WBEGS HIARTEM BEFHEATEIRAELEAKREE 4
L EMEFKAEREES XA AERZBBERERBELL -

BRI R & PR SR T EF S - BBER S
H %L % %4 X (Barndt and Antenucci, 1993; Giese,
1993); W KR TREEZHAE  BTEALLSFEEFMRTRAS%
3E 42 F A B AL R AR KE M F (3R, 1995; Barndt and Antenucci,
1993; Neville and Setser, 1986; Ponte, 1990; Pateras and Rosenthal,
1992) » By A AR AREH oA PEBR - BIEEZHEE
BN AT KRB ELTM K BT 28 A AT MBI RAE
WO mEEE SRR RERERARYEME  LERSERYEE
#|(bulking agents) 2k ## 3% (Pszczola, 1988; Shukla, 1995) -

2 % 11 ¥ L polydextrose ~ 4% ¥ # 4% (maltodextrins) 2, #& &%
(polyols, sugar alcohols) % 3% & &| > & P #f & 3 (aspartame) 2%, &4 7%
P &5 47 (acesulfame-K) % A T 3=k B 2R & VB 848 kAR VS ¥ 28 & #E
(batter type cake)> 3t 3R 3¢ H 4@ 89 82 H b % 45 1 (Frye and Setser, 1992;
Hess and Setser, 1983, 1986; Olinger and Velasco, 1996; Pong et al.,
1991; Rasper and Kamel, 1989; Rosenthal, 1995) « Z A JL R 8 & 4
(foam type cake) * & F & Z#F K 4%V (Attia et al., 1993) ; m @& L2
% #%(chiffon type cake)R| # £ AFEHE - KA REABRFEE
ERA ' EHZAARGORBEZEALE - AATIHKBFTHE
B o B o P BE 47 B 3% § & polydextrose FuX 3[4 #8 R K AF 1842
A UL RBEZR AR > # A KE &%k (response
surface methodology, RSM) » & KAKME E AL BEF o BKATIFE
FEEERE BHEBREKPBREEREEHZELLE -  ERELE
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REFHEI ABBRAERIARH L4 - HERLRHAER
AR RERRBAR B REMEE 0 TREE R AR
M EFET &



=3 AR R

— ~ BB R A

A E BB - S R B 3 MR EAT - &
FREBERBERY  BRASESEEERE  LE TR 4H
B EREEMZIIEANE - ZERELERETHESILE]D) -

(—EE AR Z AR BB 2 H

B F RBAEE R BEF > 75 LR ¢ & 7k (response  surface
methodology, RSM)&X 3t & & ° #% =18 B -F (factor)f» %18 8¢ & (level)
Z MR P s 48 4 3 8% 3% 3t (central composite rotatable second
order design)(#k 1)(Cochran and Cox, 1957) » £ A ZHEZ B ~ &
TR MAE M A R E S E (tesponse) o MERE T 20 Kk o A
P OB ER 6 R(R2) - TRBIHE U SAS 6.12 £ # 84 (SAS
Institute Inc., Cary, NC) ¥ &) RSREG/LACKFIT #2 & 47 % B # »
R =R %IBERXG%T 5 (SAS, 1990) > k3@ rfes » B
GCONTOUR # A 4 % % % 4 Bl (contour plot)(SAS, 1990) » 3k &
1848 & £ 2 polydextrose ~ BAER KM EBRER F -

(1% RSM T h X BEZHE Y oF > Bl R 2 M4 %t
(completely randomized design, CRD) - & B #c45 1L SAS 85 ANOVA
BEXRSEREEZ £ RBREMH(SAS, 1990) » FH AR 4R
Ex & (Dunnett’s test)tb & ¥ B8 R 22 48 (1% 40 B 45) Fo 23R 32 s (& 48
)6y 3y 4 £ B (Dunnett, 1955) 5 B LUER K 37 % & 3B 8k
(Duncan’s new multiple range test)tb & 7R [ &z 4 44 A B 1548 42
BEE UEHBEZBBEREES -

(=) s BB R R RS T 2 EH
X RSM & CRD Fi4% #2887 » SAFT#f B 2 (aspartame, APM)



B3R & R dh @ 3%s

v
X L E R
A%
BRE & N a5 iy
R R |5 FEAEAE R AL
¥ Z ¥ BELH
R BB R R E
7
P 2 P B ) 7 A KRt
v
| |
FEidemz M RR RS LR E
tbE HE R 3R $E
HE Bk o A5
pH & -
Tz BiaE Ko-FuKiEH
pH &
FiteesERRAREAY
R
| ]
v

HEBBERZAL#kBREES

7
FARREE HE &
¥
EE LT BILRE
B )RR
Ay B E
ﬁgan
R R e
v

HH AR TR BETE M

B— - TmEHRER
Fig. 1. A flow chart of experiment design.



A BEAREEES ZRES @RFTEFRLER
Table 1. Factors and their levels for response surface
methodology of low-sugar chiffon cake formulas

Levels
Factors ‘
-1.682 -1 0 1 1.682
- X, (polydextrose, %°) 59.77 70 85 100 110.23
X, (sucrose, %*%) 18.18 25 35 45 51.82
X; (water, %%) 48.18 55 65 75 81.82

® Percentage of ingredients based on cake flour weight basis.



A= BERBA R X RE S @%:
Table 2. Experimental design for response surface methodology
of low-sugar chiffon cake formulas

Treatment Coded Variables Natural Variables®®

number X, X, X, 81 8, S
1 -1 1 A 70 25 55
2 1 -1 -1 100 25 55
3 -1 1 -1 70 45 55
4 11 -1 100 45 55
5 -1 -1 1 70 25 75
6 1 -1 1 100 25 75
7 -1 1 1 70 45 75
8 1 1 1 100 45 75
9 1682 0 0 59.77 35 65
10 1.682 0 0 11023 35 65
11 0 1682 0 85 18.18 65
12 0 1.682 0 85 51.82 65
13 0 0 -1.682 85 35 48.18
14 0 0 1.682 85 35 81.82
15 0 0 0 85 35 65
16 0 0 0 85 35 65
17 0 0 0 85 35 65
18 0 0 0 85 35 65
19 0 0 0 85 35 65
20 0 0 0 85 35 65

* §,: polydextrose (%); §,: sucrose (%); §;: water (%).
® Percentage of ingredients based on cake flour weight basis.



4 58 & AL T 27 B3 (encapsulated aspartame) & % bb45] 38 A 2 [T #7 &,
o B 75 N B5 47 (acesulfame-K, ACK)(APM:ACK=1:1) 3 #& A T %
ok B 40 A B A RHE AL 0 #k CRD %3 T8 - T8 HIE L SAS &
ANOVA A+ %R EYME 2 £ B F5F M (SAS, 1990) @ & 2L
BR KM % 8 380R1 B vk 4T F 74 tb 8 (unplanned comparisons) © LA3E
HRRALM KB LM B BRBERAERER  HdahEik
EREHRSEHER -

(EVE &4 a B R B ERZ T S E #1L

x4 B TR B (factorial experiment)iE /7 Z 8T 7X5 > A B
FARFFEREQO, 1, 3,5, 7, 14 X)) BAFATHFRE-LS, 4, 25
C)> A CRD A& & 3 k(% 3) A Feiifo R EH &R
2R ETH EHL BRI HE - sbob - AR BBHEAEME
(Pearson product-moment correlation) » #f &30 34 £ b X 542 AT
A8 B M ST AT o

=~ BREREEZ AR EAE

(—) &Rz M
1% o (80 BB R AL 6 B A MM R RRo & 4 BT o

(=)V&REZ 44
1.5 % "4k

1R 4 % (1995) % &e. 7 (flour weight basis, fwb)(k 5)F £ 2(H 2)
REVGEABRBRER  ARFHERBFRFGRER AR
AR 58 %3 $a (batter part)Fo [ 2K 8 (foam part) i 3f 5 - F@HMAEE IR 0 & A
B fas - B0 2R RRBFHHMBE > BRFAEER -
REH K TS%BERBEHWONRE 5 JLRBI 5 A ZH
E A NBEH(E L B 847, KH(CH,O ) B84k 4r F » LUIBHA



= RAEETFRRYER FRE% |
Table 3. Storage tests on chiffon cake determined by factorial
experiment

A factor
B factor Storage time (days)
Storage  temperature () 1 3 5 7 14
(€) (a) (a) (a3) (a) (as) (ag)
-18 (b)) ab; &b, ab; ab, ab, ab,
4 (b,) ab, b, &b, ab, ab, agb,
25 (by) ab; &by ab; ab, ab, ab,

0~ RAEHRE R HEH

Table 4. Manufacturers of ingredients for chiffon cake

Ingredients Manufacturers

Cake flour BETERMA RS, SEB

Egg B RR BB R RG], 4%
Distilled water FRB AABBKAT, 4R

Soy bean oil EREERLARNSE, BT
Whole milk powder EME RBRHA RN, HAH
Baking powder Crescent Foods, Inc., Kent, WA, USA
Salt CRREBRMHARLNE, & 2%
Cream of tartar Butakem Ltd., Transkei, Southern Africa

Sweeteners and bulking agents

Fine granulated sugar
Polydextrose (Litesse®)

Aspartame (NutraSweet®)
Encapsulated aspartame
Acesulfame-K (Sunett®)

EREERTARNE, BA%
Pfizer, Inc., NY, NY, USA
NutraSweet Kelco Co., Deerfield, IL, USA

NutraSweet Kelco Co., Deerfield, IL, USA
Hoechst AG, Frankfurt, Germany




A~ B HGRBEREZES
Table 5. Formulation for traditional chiffon cake
Flour basis  Percent

Ingredients %) (%)
Batter part
Dry ingredients
Cake flour 100.0 19.47
Baking powder 4.0 0.78
Whole milk powder 8.0 1.56
Salt | 1.0 0.19
Sucrose 75.0 14.61
Wet ingredients
Egg yolk 50.0 9.74
Soy bean oil 50.0 9.74
Distilled water 65.0 12.66
Foam part
Egg white 100.0 19.47
Cream of tartar 0.5 0.01
Sucrose 60.0 11.68
Total 513.5 100.00




FURBEH e LR Py

% G oot ZIRMRE B ATdRAIES
| Vo
Aa N 60%E) 4% AN T5%E#8 B i B 3R 4
(% 3 RAvA 60% (he AT % G B R
polydextrose & #)#&)* Z_ polydextrose)*
v N
ITERMEIL
- _/
'
|
mEREHY B |
| o
£ 8etSs WA T > 48 500.0+ 1.0 g 484
|
LA E K 170°C/F K 200°C gt 1
|
Bt 18] 4o 2447

B= - Faf BB itz -

Fig. 2. Procedure for making traditional and low-sugar
chiffon cakes.

* Procedure for making low-sugar chiffon cake.
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(K5SS, KitchenAid, St. Joseph, MI, USA)#& 4R 43147 % 6 237 £ 34
P35 iE(wet peak stage) @ B hu N 60%ED ¥ 4 4k +7 B AE M 25 56 (stiff
foam stage) > JLEFILE ) 020 - & > BT B Z KRB da M
WD LR R B TIRSH D > LML E L 0460 BN4EEE
WEEEAR(ELE 8 »F, A 2.75 =) F 45\ 500.0+ 1.0 g 4a#3; &
A #% 38 (Jenn Dah Foods Machinery Co., Ltd., Taipei, Taiwan) L £ X
170°C/F K 200°C 15 4 # 33 548 - B f8]du#0 22 £ ABPBp A%, o

28R E

BB R E AL LR E 6 ZE K » LA polydextrose & A T # =k
BT H 230 ~ B EALFTHT B3 &, APM:ACK=1:1 BRI EE
REF - BEFTENARKEATREEYZ S4B 2) 0 K H
polydextrose Fu A L3R B Ache 2 B 8L H 0k - B 4eed  fadita s
o RAFILREI S WITH G F 2 polydextrose B A T 3ok E|
AN —ABH > BRBEAHFZIES AT HRAKRY
AABEIFRFRARAE TGO ABEDITE AR L B
polydextrose fo &b #2488 & & 60% (fwb)& & 8] > 5 3 KAiv A5
polydextrose R 23 zh#E » L FITR| B MEFE - ZB B I AL
SMB R W G RN 0 L ETIEHE 046 A& - ENEAEM
KRB BRA TR TREKLEHEARE -

(E)VEEZOEREHE

HHEBZ B BERAHEFCBEE 25C ) BB 1
mm & PE R &% > 3 A4 0#(Tish-300, 3B EH T LN, &
LR FEHE 0 BN 25CERGBHRE 60-65%) ~ 4°C A & -18C
ARERIEF13-5-TR 14 % -
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Table 6. Formulation for low-sugar chiffon cake

Phases/Ingredients Flour basis (%)
Optimization phase
RSM phase

Constant ingredients
Cake flour 100.00
Egg white 100.00
Egg yolk 50.00
Soy bean oil 50.00
Whole milk powder 8.00
Baking powder 4.00
Aspartame ' ' 1.62
Salt | o 1.00
Cream of tartar 0.50

Variable ingredients
Polydextrose 59.77-110.23
Sucrose 18.18-51.82
Water (distilled) 48.18-81.82

Validation phase

Variable ingredients
Polydextrose 86, 96, 100
Sucrose 25,27, 45
Water (distilled) 61, 60, 55,70

Comparison and storage test phase

Additional ingredients held constant

Polydextrose 96

Sucrose 45

Water (distilled) 70
Variable ingredients

Aspartame 1.62

Encapsulated aspartame 8.10

Aspartame:acesulfame-K=1:1 0.68:0.68

-12 -



= R FRAEH AR

1.6 &

BITERMEBE LI TR EHREMOEER AR BB K
FoHAHLLE -

2.5

#% 500 mL Z #2448 B4 600 mL Y& 4r b » 2AZE E #H(DV-I1+,
Brookfield Engineering Labs., Inc., Stoughton, MA, USA)B| £ - 3@
#& 4t (spindle)# ik B £ A 50 rpm B¥> LA LV 4 3Ei@ 84135 8% 30 % >
R 25C AP - |

3.pH &

B 60 g & A 4a8 B 150 mL = A 4838 7 » 24 pH 3+(3000-A ion
analyzer, Suntex Co., Taipei, Taiwan)/R| &€ z -

4. %8 Z #10 m B

BR 10 mg ZREfaMHEANER KR In F » DT EFHRSIE

(differential scanning calorimeter, DSC)(910 thermal analyzer, DuPout
Co., Wilmington, DE, USA)& 448 10°C ey 7Rk % > & 20°C Ao #
Z 1407C » 3t A % #F 4k b m A ¥ 88 (Pateras and Rosenthal, 1992) -

WO REAEREZSE A

FHEZEREALNE  BESEEE - PRETFIEELE
BRE > BEEISEEAEREK S SHANEEESE 1L -

(—)EREE R
1.28 # Fo #5531 (Symmetry)
B M ¥k Template Method 10-91 (AACC, 1983) B (4 &
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2 7% (rapeseed displacement)(& %, 1990)i8] & - ¥+ 4%+ B 3% Template
Method 10-91 (AACC, 1983)R] %€ -

2. 3R 3L

EREBE % = [ (FHREMOEE - FHERENES)
[/ BRI EE] x 100%

3.3 &

A &, £ 3F(ND1001 DP color and color difference meter, Nippon
Denshoku, Japan) %~ 2| B £ ZHE LA @A R ERE ey L-a~b {4 >
I UAZEGIR X=94.76 ~ Y=92.76 B Z=112.30 & iF -

4.7K 4

7K 4~#% Vacuum-oven Method 44-40 (AACC, 1983)R| Z - &%
R RE R EEMA E 100°C & % 4 48 (Deng Yng Instruments Co.,
Ltd., Taipei, Taiwan)}t £ & & -

5.KFM

$ B A AEE 0 BAKE MR E 4K (Aqualab CX-2, Decagon
Devices, Inc., Pullman, WA, USA) # 25°CRlI £ Z °

6. pH &

BRISg#HARAEHREN 150mL = A4 F » fu 100 mL 748
Ko ¥EH 30 48 > BUApH R EZ -

7.4 PR

¥EREY R 2.5 cm® 0 bR E & (NRM-2002 rheometer,
Fudoh Kogyo Co., Tokyo, Japan)i& 47 %A% :X & (chewing test) o 3K
B 0 4% A 2 kg B8 E(sensor) » 1.5 cm ¥ B # A £ 58 (adaptor)
) & F+ %1% JE (table speed) R 3t.4%k 35 47 44 i B (sweep speed)E] & 30
cm/min ¢ B E R AER B ERAL 2 AR ~ N F 4 (cohesiveness) ~ I -
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fi, M (brittleness) ~ vH."& 1% (chewiness) & B3 4 (gumminess) % & 4%
o BaRERE S Bk REFHE - -

8. B X Bl B R K

H xR & AR $o 4% (FD24, Kingmech Co., Ltd., Taipei,
Taiwan)iR 3¢ @ BB B R © 25 6 mg £ 8-F K 4 mg R
ZREBCEF YL 1.5:1.0HAMEmF » Ft DSC (910 thermal
analyzer, DuPout Co., Wilmington, DE, USA)%& #-4& 10°C 84753k
£, d 20CH# 2 120°C > A F 4 Sm A # 88 (Czuchajowska
and Pomeranz, 1989) -

9T EHSEREEREMRZ
(DRmE Rz EH
® Carrez I #v Carrez Il &k Z fic &)
4 3.6 g % 0 8 (K,[Fe(CN)3H,0) A £ A ZE 100 mL » B g,
Carrezl &% » #% 7.2 g %8 4% (ZnSO,. TH,O)A K £ 5 F 100 mL >
BP g%, Carrez Il /&% -

@FHEARH FMHPLC)B Sl 2 il

B 0.17% #8 = .47 (KH,PO,)&e A%, 0.0125 M &k » 324 5%
B ERAE pH 3.5 Bf HPLC % £ 7 X2 (Kallinckrodt Co.,
Kentucky, USA)LA#2 4% 85:15 bR 45 - & 0.45 um JE #E(Celman
Sciences)i@iE * B LA F LA A 30 548 » B 0.0125 M KH,PO,
& R (pH 3.5)/ 8 F X%(85:15, viv) HPLC # 148 -

O FHEZRZEH
#§ L- o -aspartyl-L-1-phenylalanine methyl ester (aspartame)
(NutraSweet) ~ 3,6-dioxo-5-(phenylmethyl)-2-piperazineacetic acid
(diketoperazine, DKP) (Bachem) ~ N-L- ¢ -aspartyl-L-phenylalanine
(Bachem) ~ L-aspartic acid (Sigma)& L-phenylalanine (Sigma)iZ #
oh 0 MAEBEFKECR 1l mg/ mL AR BAREEGYUBEEE 22
B -
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BT B EA 90-100 4 g/mL B 3 g M
MEHMIMBRICFTAEHME 7 g APMACK=1:1 # Rz &%
Ao AFEAEWA EN 100 mL T EHMF » wA 70 mL EEF K
LA0CHEE 30 548 - BEATERIRE 10 548 - FERANEE
& > %l s S mL Carrez I o Carrez I1 ;8% » BA A% Y » B
FETXESE 100mL > JRAREE 4 (Toyo)iBiE » SR AL 0.2
pm j& B (Supor® Acrodisc® 25 )i@JE + 4% 4k # ik (Prodolliet and
Bruelhart, 1993) -

QMMM EHRAARBRENZEFN T TN
O % 2 &k 4a B #7454 |

Aok o 5 A HPLC #4745 » B #4444 24 0.0125 M
KH,PO, & #1:& (pH 3.5)/#.F X% (85:15, V)RR & # €48 » Hik
0.8 mL/min (PM-80 HPLC solvent delivery system, Bioanalytical
Systems, Inc., West Lafayette, IN, USA) » # &EAE A 20 4L
(Hamiloton microliter syringes, Hamilton Co., Reno, NV, USA) ; ¥4
Bondapak C18 (10 um, 300x 3.9 mm)(Waters Associates, Milford,
MA, USA)% & #7 & » Guard-Pak uBondapak C18 (10 um) % 1% # %
BoONEAREFEHE 02 AFUS » % & 214 nm 4 #|(Waters 486

UV/VIS detector, Waters Associates, Milford, MA, USA)(Prodolliet
and Bruelhart, 1993) -

QEJRB AT ERZE
BT MR ERBENZRER A EAN HPLC & R
FRAF B2 i G R (SISC R MM RIB A 4, MERD A R,
3L > SR ERAZ R RS o 3B BRORZITH E e RS B
HFRHRLLE  EMREEREFTHEHZIREE -

(DR B itk

1. % & % i % #7 (qQuantitative descriptive analysis, QDA)
(Stone et al., 1974)
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L& 71(EK-15, General Electric, CT, USA)M & #4000 B
B ehIR 25 e Hdh o SLIFAT C BALEMNET 3 ElET
B e uBEAaEY o 3L PE BEL -

RBERBRDEAMEAIED 6 LT LBIRZES
B FXk&F - F#A 20-48 5% 34K Bramesco Fu Setser (1990)
B2 BERT DT KBS o BB T A ho b 80 B -
A ROBREE Y A > SekFois ok(aftertaste) H Bk A K
PR ETEALITH(R DRSS HIHEHE(E 8) Hd D
WPELAERT  BULREEBRY ZRMER A EEEERL l’éﬁi)li
B oo SLIPE o AR BRI AR S AR H(K 8) 0 BT
B REBANS  BEARTHEMEL ML T1535(0 cm)foim k(15 cm)
Z 5 EES - FREEHRE Tk (unstructured scale) @ # i &
EFESZ IScm AR LEFEE -

2.5 47 3% 7% (hedonic scale method)(Peryam and Pilgrim,
1957) & food action rating scale (FACT)(Schutz, 1965)

BRERERZER  SHREAmAR 2.5 cm’ b o B3P
A MBS ENETIMIA e BB &Y BUPEBEEL -
BB U REGE HAFLRESRLERAERLLBRE
Fr 7% $%/’é]i ’ Ti.*%anzﬂ‘gﬁ.. ME - Bk - gi&&%%& C
BT EFRE RS 3 food rating scale scale 3 & K %’%‘ﬁ% |
BBEER - MEHRA O 2%k 9 A TRERRE
BE IR TERFERIBERLE
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Table 7. Definitions and procedures of sensory attributes of
quantitative descriptive analysis for chiffon cake
#!J‘ i3 7 % on 3%&%
WA BREL > HITERBEMRKEM > £12
B pAERBANER WEZERERSEH 0%

(Sringiness) ;3 g - BAkH -

B ZERERSMER HSENGEM  B2zrd=%
(firmness) B B -

I B g B #aoosfhoF 5 £ RETHEE
(moistness) ook @ ARE TR -

ek

B EERIHER e HAAES T -ARLHLME -
(sweetness) |

%ok HLTETRE > & o ,
(aftertaste) FHET T H % BT S BB RT K% -

BN BREERETHASZ5EHD |
Table 8. Reference samples of quantitative descriptive analysis for
chiffon cake

Attnbu_tes/ References Sample size Manufacturers
Intensity
Springiness .
Low Cheese cake 25cmcube £¥MFERSAMRAS], ST
High White toast 25cmcube ¥ FERLAMRAS], 44T
Firmness

Low France pudding 1/5piece g MIBBRAARDE, E4K
High Frozen pound cake 2.5cmcube LA HAHRASG, 47F
Moistness

Low  Cracker /4 piece R ERSAEH A RN, HEL

High Cheese cake 25cmcube 2UFRLAMANS, SH
Sweetness

Low Distilled water 20 mL

High 30% sucrose soln. 20 mL
Aftertaste

Low Distilled water 20 mL

High 0.4% aspartame and 20 mL

30% polydextrose soln.

- 18 -
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— R R R AR 2 AR 3

A 538 A PT3430 (aspartame) $1 82 7% 79 85 47 (acesul fame-
KDmE AT kB - FATCHZIHMEYSESZ 180-200 4=
(Homler, 1984; Mazur, 1984) » #ekif ol ## o z”ifi%ﬁ: %
K~ KEM ~DH A~ BE -~ 7'()55&5'%’#{@44‘%‘ 7% SR N
B B RIBE G A 0 AR Rk - AT R4 A F(1998) 7 1995
Foag o $anF&’§‘aa§iL‘iiJullﬁﬁﬁ%ﬁ% ; AT M2 R
b A AR K8 Fi & (phenylketonurics) R w4 A | (44
FRFH T31556 %) - A Essr2 MEFL B EBEY 200
15 |ITH AR 0 B 48 Tk £ (synergism)(Hanger et al.,
1996; von Rymon Lipinski, 1988); & & & a5 # 4 2k (0tt, et al.,
1991; von Rymon Lipinski, 1988) - &4 pH 3-7 &% » X &
B THRANESR AR - BR WL FRHRELY
PEAERKZERBERAR  LEALE P REAMBEGTEREL
Z > 1998) - ‘

Polydextrose & 1973 & £ B#E 3% 3] (Pfizer, Inc., New
York, NY)#% > 1979 & FDA A4z A A £ ptk E (Peck, 1994;
Rennhard, 1973) - & FE /A% 162-18, 000 =R » B K285 (90%)
B E» 5,000 MW (Deis, 1994; Murray, 1988) - X &2 d ¥ 8
¥ F A (1—=6) 42 (glycosidic bonds)se & m R » U & 4
Herh\sd  XEARGMER BB FLABEARUERES
469 4% 4% 8 (Torres and Thomas, 1981) -

Polydextrose =T 4 & polydextrose - polydextrose-N -
polydextrose-K & polydextrose-F (Litesse®) 4 # # & (Frye and
Setser, 1993) - BIE& &K » RE M=k » HAKBER A &M (pl
2.5-3.5) 3 % # 3ok (Torres and Thomas, 1981) - Litesse’8] %

-19 -



HFB R A& JAREEDels, 1993, 1994) o 47 B keisi 4 Z(1998)
7 1987 g THEANERERS  w— KA A BB 15gn
REBEERT BERAHBBRE L5 ALEE o

(OBETFHHEBRAREZIEFPATHKAZER

AFREABABRETRIRARY » A TKRKE S &=
(response surface methodology, RSM)#% st K8 - A TsER 2 £ 3
BHEEMEE Z MR F(factor) » EH B AT XS » FRLE
#% R 5 ##2(Giovanni, 1983) -

REBBERST  RBRAETRETZHE  8FERAATL#M%
BRI, - 56 A B Sk A 3% F &|(bulking agents)(Shukla, 1995) -
EFZHER T 0 KW A polydextrose RENR EM - ¥ 5K Ao
v G TR ERE > R HENK S BB
B4% B4k A (Torres and Thomas, 1981) ; & & 130°CrA L&A1t »
%% 45 5T 4 A PR ARG  iF PR 69 2 35 4K 41 & (Torres and Thomas,
1981): X T4k HFkr#ib % & % 18 & (Kim et al., 1986; Pateras
and Rosenthal, 1992) : 7R A 8 R #Fu 204y BS B ~ 8y BB AR
3244 4 488 R O @ (Rennhard, 1973, 1975) » % o] e st ok 52 A48
A 0 LK AR S 2 Bk § B (Torres and Thomas, 1981) < &y 7 A% 4¢
o RHE > HBH”FMERA 1 gkeal (Figdor and Bianchine,
1983) > BR 7T 3% & X £ /R R S F - Frye Fv Setser (1992)8p & 14
B A& F B a4 AR #H F & (reduced-calorie cake) 5 & £
polydextrose Fo & #EfF A BF > AR U B R Tk fd - L AFF R
F polydextrose Fu [T 7 & 3 BRAX, K 3F o0 48 4 R & 15 148 B R &
o ARFBFBES -

B 7 polydextrose RARER *» #EHEHBE LR MTHE
HAERA &L &kt HPER - KB ESs
BHERGHBUZEBEEZE  AE AL RETHEOME TR
FoBEBEXEA T > UMEHR Y polydextrose 2 #EA & ° AT E
a3 E 4 A K g6 180-200 4Z(Homler, 1984; Mazur, 1984);& #
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C A& %Rk (Homler, 1984) » 234 B %8 5 AR AT 18 K 230 &
ek LR EHGERES 0.5%AE S 1.2% (1.62%, fwb)(& 6) -
puoh 0 BT SRKESHE R HILE N amBEZELY Frye
and Setser, 1992; Glover et al., 1986; Lineback and Wongsrikasem,
1980; Nevile and Setser, 1986) - & A E A B ETH EHMAET >
¥ polydextrose ~ AR K 3 HEEZ R F#ITRE X Bk
polydextrose BRI 5 #E » BAAERI Z 4 KER Y EaiET
o B AEHEZ T s A R E % & (response) » # 4T = H
FREB(leve)Z R B ®%EIF (R 1 AL 2) o

ENEEATHRERE > ARTATRERREEZABEM
Z o BTEE A 0 L polydextrose OB EM > A B
REEF+HFEMER > Frye Fv Setser (1992)Z# RN F ; {2
BRAEEE R BARN 80% » Bz Blokfo G b Tk < » &8
polydextrose B & LIRIT AR AR E(135%, fwb)ay 82% » Bp
110.23% (fwb) - XEAZ Aot B 2 BAE R HE E /) 55 B 1K 60%4E & -
¥% polydextrose R EMEZ A E8HE > 423 TEREBERA T8 44-
82% % 13.5-38.4%> BF 59.77-110.23% & 18.18-51.82% (fwb)(% 2) °
KR EHRBRGRTHRE R » 374 48.18-81.82% (fwb) - 4k sb2k
A EEBEREAZRL Y 14 0 L4 THREKZE B 62-
86%#E & B 16-30%3h & -

(X BORMNEHF LD TFHERERLLZIBE

1B HEREEEZIRRER(K 9) FHEFTEEHIMA
ZREBAKT5H - BERABTRIPRB LI M AR LR TH
Fo B db 047 Z B2 B ~ B Mk (brittleness) ~ o8 =8 M (chewiness) & B £
(gumminess) &4 4838 5% % & 34 88 % (p<0.05) » H R 2 A RO EEH
Mg H/ 2R EE(lack of fit)34g R EE#E(p>0.05)(%k 10) - &<k 6
HRESEMPFIIEFHEA LS THREAKET Y 2 4
(Thompson, 1982) » # =T A H kB4R R E 2 8 iEE K - M
CRESEZ REMEHM(EK 10) TELLIFEHGE EHA(F
B 143, CV=20.1-28.5%) > X B AHHMER -
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Table 9. Results of response surface methodology for low-sugar chiffon cake formulation

Volume Sensory evaluation Texture analysis
Treatment
number index L . . Hardness L. Brittleness Chewiness Gumminess
(mm) Springiness Firmness Moistness Sweetness Aftertaste Overall Cohesiveness  Elasticity

(® (8 () (8
1 206.5 10.9 5.4 6.7 9.2 6.0 7.5 973 0.486 0.580 91.3 30.7 48.0
2 166.0 8.5 5.7 9.4 8.6 6.5 6.9 89.0 0.398 0.476 83.0 16.9 354
3 169.5 9.4 6.3 83 9.6 4.1 9.1 110.5 0.687 0.859 104.5 65.2 75.9
4 151.0 8.2 6.5 9.8 9.3 8.0 6.4 112.5 0.601 0.750 107.3 57.2 70.7
5 134.5 8.0 79 8.2 4.7 4.9 7.0 260.8 0.700) 0.858 256.3 156.3 1824
6 141.0 9.3 6.1 9.2 8.2 8.7 7.2 126.8 0.668 0.834 121.0 72.5 85.9
7 161.5 11.0 5.1 7.0 6.4 5.5 6.5 79.0 0417 0.469 73.0 15.5 33.0
8 142.0 9.3 7.3 9.1 10.0 7.4 6.7 98.0 0.473 0.520 92.0 27.4 473
9 180.0 11.0 5.0 8.3 6.8 53 7.6 89.8 0.400 0.467 83.8 “16.7 359
10 175.0 5.7 43 9.7 8.6 6.8 5.4 65.8 0.510 0.479 59.8 15.3 32.6
11 170.0 9.5 4.8 8.4 7.9 7.0 72 ‘l 11.8 0.535 0.726 106.0 46.2 60.9
12 158.0 7.6 7.1 9.4 9.5 8.4 59 99.0 0.626 0.748 93.0 49.0 62.4
13 160.0 8.7 6.1 7.8 7.7 7.9 9.6 114.3 0.667 0.841 108.3 64.1 76.2
14 148.5 6.4 5.5 9.8 6.3 5.5 7.5 158.0 0.631 0.788 151.8 78.3 99.4
15 156.5 9.4 4.8 72 7.0 6.6 7.7 114.0 0.650 0.775 108.0 62.8 76.5
16 170.0 9.2 4.9 84 7.0 5.7 7.1 87.5 0.376 0.434 81.5 143 32.8
17 164.0 8.5 4.6 7.2 6.5 6.2 7.8 74.8 0.529 0.551 68.8 25.5 40.3
18 169.5 12.6 4.0 7.9 6.8 54 9.3 71.8 0.457 0.488 65.8 15.8 323
19 165.5 1.4 6.6 8.3 6.7 6.2 83 106.8 0.6613 0.803 100.5 57.0 70.9

20 168.5 9.9 6.6 8.2 9.5 5.9 8.2 90.5 0.395 0.425 84.5 15.4 35.9
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Table 10. Analysis of variance for experimental results of response surface methodology of low-sugar ChlffOl’l cake

Sum of squares

Volume Sensory evaluation
Source of variation  df ?::;’; Springiness Firmness Moistness Sweetness Aftertaste  Overall
Regression 9 3606.8* 254 8.7 11.5 31.5%* 16.3 17.8%*
Linear 3 1918.1** 13.1 1.2 7.5% 17.1%* 12.1%* 6.5%
Quadratic 3 622.2 7.8 4.4 2.5 5.9 3.8 8.6%*
Crossproduct 3 1066.5 4.5 3.0 1.4 8.5*% 0.4 2.8
Residual 10 11171 27.0 12.6 5.7 7.8 11.4 4.4
Lack of fit S 988.8* 14.9 6.7 4.2 1.6 10.6** 1.6
Pure error S 128.3 12.1 5.9 1.5 6.1 0.8 2.8
R? 0.764 0.484 0.407 0.667 0.802 0.588 0.803
Sum of squares
Texture analysis
Hardness Cohesiveness Elasticity Brittleness ~ Chewiness ~ Gumminess
Source of variation  df (g) (g) () (g)
Regression. 9 27019** 0.15 0.37 27418** 17408* 18436*
Linear 3 8536* 5.85x10 3.39x10° 8608* 2661 3731
Quadratic 3 6032 0.05 0.16* 6066 4653 4540
Crossproduct 3 12451** 0.10* 0.21* 12744** 10094** 10166**
Residual 10 6044 0.10 0.15 6101 5137 5200
Lack of fit 5 4621 0.02 0.01 4685 2465 3176
Pure error 5 1424 0.08 0.14 1416 2672 2024
R? 0.817 0.613 0.714 0.818 0.772 0.780

*, ** Significant at 5% and 1% level, respectively.



ENERFHEERRERORTRE ST BE(E 1)
i sERE MBI HER g REEEZRAS%TYE
W RE X BRI - —RARIRIAZL E(p<.05) » #H2Rey
HHANLTEFE - £ 3 BEEFF  UAHBEBEEEZRET AL K
FHEERKR & A H &3 TER ¥ B (predictor) » s Neville #o
Setser (1986) X HF XL 4 X ABFF ¢ R & E # & polydextrose °

(Ve E BB E Y ZFEH

AR E BIPRRATIT L R R AR B A e AR
ZRRFE B~ BB MHRB R EE A (K 11) 0 A SAS &
22 (SAS, 1990)4 # % % 4 B (contour plot) » MIEHHREE L 2 818
BLH o ¥ %45 % $t(coded variable) X, ~ X, & X; %-1.682 -1 0
1 1.682 &> #HF | BEFHEKET » 5HRAN 6 BRAE
$EZHEFIERX ULELF 2 ARFHEEZ MR REER
SEEREE M BBERBRZER4E -

HAREFLESZRBEXERER > MR E polydextrose ~ & #&
BRAKGEBER T SREKBRBZHEAFR(E 12) TEEEE
HREINZREBRLFHEGBARMECK 13) FHAREER S
BAEE B BHR AR ESGEER BRI
EZBRREHRB(R 13) PITHHE 6 BREZEZZRHESR
BBk THEERA-] BEERKOEESINELEH 25%& 55%
BB 3a, b)) REHBHERA 1 polydextrose & & # ey % &5 7
B & % 100%& 45%&5 ([ 3c,d) » TR ERE K » &M KF
polydextrose ~ B AR KB BAE - UEBBEFERE 4 Bi8BE
Rz BBEH (& 14) 0 KT RAK 67-80%4 B & 18-22%% & -

(w9 )& iE AL R BB 2 4
1. RE W @EmFEANARTRAEZ L

HEFRAFE S 7 RN R R LR B A E ~ it~ B g
MEBEZEOFIREXT > RFHERE - FRIEEFT A Y
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Table 11. Second-order polynomials computed using coded and actual data® for sensory and textural properties

Sensory attributes Textural properties
Sweet score Overall score Hardness Brittleness Chewiness Gumminess
Predictor® Coded Actual Coded Actual Coded Actual Coded Actual Coded Actual Coded Actual
Intercept  7.24* 50.67  8.04* -1036 90.41* 484.83 84.36* 478.55 31.51* -76.64 47.76% -25.45
X, 0.68* -0.350 -0.50* 0.380 -11.83 -4.761 -11.87 -4.820 -7.03 -7.72
X, 0.53* -0479 -0.16 0.364 -14.29* 5.681 -14.40* 5717 -7.80 19.69 -896 18.99
X, -0.72* -0.589 -0.44* -0.042 16.75* -9.847 16.80* -9.781 920 -7.342 1155 -8.046
X, xX, 0.07 -0.26 20.41* 0.136 20.66* 0.138 12.67 14.78
X, %X, 0.98* 0.006 0.46 -13.59 -13.84 -6.25 -8.04
X, %X, 0.31 -0.26 -30.91*  -0.290 -31.22* -0.293 -32.59* -0.306 -31.43* -0.295
X, %X, 0.23 -0.55*  -0.002 -1.61 -1.53 -3.58 -2.72
X,xX, 0.61* 0.006 -0.52* -0.005 8.16 8.28 7.57 6.96
XXX, -0.01 0.18 19.02*  0.167 19.06* 0.168 15.92* 0.140 16.20* 0.143

2 Only significant (p<0.05)predictors were included in the actual models.
® X,: polydextrose ; X,: sucrose ; X;: water .

* Significant at 5% level.
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Table 12. Sensory attributes and textural properties® for traditional
chiffon cake

Sensory attributes Textural properties
: Hardness Brittleness Chewiness Gumminess
Sweetnes Overall

(2 (2) () ()

8.1+ 0.9 10.1+2.4 79.5+10.1 73.0¢99 17.0¢69.3 37.8+10.5
* Mean and standard deviation, at least five replications.

R+= - BRAREHEOR TR E St 824
Table 13. Targets of sensory attributes and textural properties for low-
sugar chiffon cake

Sensory attributes Textural properties
Hardness Brittleness Chewiness Gumminess
Sweetnes Overall
(2) (€3] (2 (2)
7.8-8.6 > 6.5 70-90 65-85 15-25 30-50
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Fig. 3. Optimum regions by superimposing contour plots of sweet score
over overall score, hardness, brittleness, chewiness, and gumminess. (a)
sucrose=25%; (b) water=55%; (c) polydextrose=100%; (d)
sucrose=45%.
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Table 14. The optimum formulation of low-
sugar chiffon cake®

Treatment Polydextrose Sucrose Water
group
A 86 25 61
B 86 27 55
C 100 27 60
D 96 45 70

? Percentage of ingredients based on cake flour
weight basis.
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VBB RBER KGR B R ABABRFAFAEEHEZIR T
Y w45 Fiéﬁ#ﬁzﬁd{ﬁ&?%iiﬁiﬁfik D s E £ RNk
15) BERIBHMH LRGSR MWITILZ BAZHE -

2. B BREERORET R M2 i

B E B RBRER(K 16) » HRBBERZ BB E
BESBREEESES » B B @B h A E H14% kA (p<.05 &
TREFHERBBRELE(E005) - I LER(GR 16) » B
T A BAaEREZIAANERENE AR C F B EXIEE &
MR » BEEREMNEHER(p<0.05) - A~B & C afichths
¥ EBAK > AR BB ML B E S PME 435 (p<0.05); Ngo Fu
Taranto (1986) 7% I AEHE A F8AKEF » A BENEE S - 2/ D
MEFAEE RN EEGEHREAREBEE £ R(>0.05)-

3. AELAHEBERZIINE

B HEEHBAERAERZIELYE  HUHELAERE
% 103 fep 4 84T 5470 & i & (hedonic scale method)(Peryam
and Pilgrim, 1957) « £ ¥ F & & & 44%F0 56% » F#51L 18-25 & 5
(kR 17) - Rk BYHEAYH 4 Al REEEZINR - Hib
Bkt EFEL RIAE £ E(P>0.05) » (2 E kR XA Z 4T
B Bl A B D 48 B8 85 (p<0.05) -

LRAEEHER > Th D @fed i BEAREE  LEEK
EAEMHEE SN ORED X BAR(GK 13) Bk &
AR A BH(R 16) ) B EHHE E47E H1E(5.9-63 ) (% 18)
R TEZE D a8 F 0 Bp 96% polydextrose ~ 45% & # & 70%
K(fwb) B 7t HABME Z R BB E T -
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Table 15. Predicted and actual values of sensory attributes and textural
properties for low-sugar chiffon cake

Treatment Sensory attributes .Textural prope1.'ties .
Sweetness Overall Hardness Brittleness Chewiness Gumminess
group (8) (g) (g) (8)
A
Predicted 8.6 7.6 90.1 84.0 22.7 394
Actual 5.3 9.0 108.3 113.3 69.3 81.4
B , “ ‘
Predicted 8.7 8.0 80.0 72.8 20.9 38.2
Actual 8.8 9.2 105.3 99.0 65.3 77.8
C
Predicted 8.6 6.8 71.6 65.4 23.5 40.1
Actual 7.9 8.8 100.5 94.0 34.6 55.8
D ,
Predicted 7.8 6.6 88.9 82.8 18.8 35.7
Actual 8.1 8.9 84.8 78.3 21.8 41.0
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Table 16. Sensory attributes® and textural properties of traditional and
low-sugar chiffon cakes®

Sensory attributes
Treatment Springiness Firmness Moistness Sweetness Aftertaste  Overall

Control 6.9 53 6.7 8.1 3.1 10.1
Low-sugar
A 10.4* 4.8 6.6 5.8 3.6 9.1
B 11.0* 5.1 7.0 8.8 6.3*% 9.3
C 11.4* 4.7 7.5 7.9 3.7 8.8
D 10.7* 5.6 7.4 8.2 3.9 8.9
Textural properties
Hardness Cohesiveness Elasticity Brittleness Chewiness Gumminess
Treatment (2) (2) (8) €9)
Control 79.5 0.49 0.43 73.0 17.0 37.8
Low-sugar
A 108.3* 0.75* 0.85% 113.3* 69.3* 81.4*
B 105.3* 0.74* 0.84* 99.0* 65.3* 77.8*
C 100.5* 0.55 0.59* 94.0* 34.6 55.8
D 84.8 0.48 0.53 78.3 21.8 41.0

® Means score from 0 to 15. 0 = hard, not springy, dry, unsweet,
nonaftertaste, dislike; 15 = soft, very springy, wet, intensely sweet,
strong aftertaste, like.

® Means with * are significantly different with control as determined
by Dunnett’s test (p < 0.05).
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By A &3 B

Table 17. Demographics for consumer
panelists evaluating sensory characteristics of
low-sugar chiffon cake

Characteristics Number Percent
Sex
Female 58 56.3
Male 45 43.7
Age in years
18-21 48 46.6
22-25 40 38.8
26-29 11 10.7
30-45 4 3.9

R+~ HEAABFEO103)AF 2 BERRAZ Y
BB HMK

Table 18. Sensory attributes of low-sugar chiffon cake® using a
consumer panel (n=103)°

Treatment Appearance Texture Sweetness Flavor Overall
group
A 59a 6.2a 63a 63a 6.3 a
B 6.0a 59a 6.1la 59b 59b
C 59a 6.0 a 59a 58b 58b
D 59a 6.1a 62a 63a 6.3a
Cve 20.9 22.1 23.6 21.5 21.2

? A 9-point hedonic scale (9=like extremely; 8=like very much;
7=like moderately; 6=like slightly; 5=neither like nor dislike;
4=dislike slightly; 3=dislike moderately; 2=dislike very much;
1=dislike extremely) was used.

® Means with different letters in a column are significantly
different (p < 0.05).

¢ Coefficient of variation, %.
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ARBRBGRERATRALM KB Ao U aBEEE X
How £ R BUKATIE P45 Z 88 B0 % 96% polydextrose ~ 45%
RAER T70%/K(fwb) » B8 A FTHF B3 ~ 24 B & 46 I 27 &2 3¢
(encapsulated asparetame) sk, % tb{5] iR A 2 ] £ & 36 Fo B% 5% P9 Bs 47
(acesulfame-K, ACK)(APM:ACK=1:1)# 1E &8 & (% 6) » LR =&
Fritatiz b RERESLE HE -

(—EBEREZ AT SR BER

BEHSAIMEKB T UM EHGMARBE LR
(Larson-Powers and Pangborn, 1978a, 1978b; Ott et al., 1991; Wiet
and Beyts, 1992) ; 4o % tb 5] 2 B4 5% P9 &5 47 (acesulfame-K, ACK)
Bt A o SHek R H TR 0 B B A8 Tk R (synergism)(Hanger et al.,
1996; von Rymon Lipinski, 1988) - Z 82 A Lotk B H B HE LY
ZTHE UWRAEAFEAMHCH HBELMHKEHR
APM:ACK=1:1 3 # AT sk Bl 406 B AE R 0 R B BaEE
HEE 2 AT ok B ms o

FeT 47 B, 28 R @t & 08 ks (Homler, 1984) > %3643 B &8 4 FF
BRI K HREAEREREY 05%FAZTE 1.2% (1.62%,
fwb) » RERAT— & ~ B ELFTA MR 4 20%M 47 &3
(NutraSweet, 1996) » # A EFRITHEHZ 5 28 6% (8.10%,
fwb) o BEER P BES7AB T - I%%Eﬁ% ﬁk%w%mmmmm
Lipinski, 1988) ti*ﬁﬁﬁ@ih‘%vﬁ%pamﬁ%?u 1:1 tefs)iR A 85 -
HEAEN J%%%%Oﬂﬂﬁﬁ%ﬁwmﬁ®

(=ME ShfoleiE B ey e AL g

ERAHA BBt AL AR BERRRE=-HEA
R EEACHE $E&E S E % 4 K(Shelke er al., 1990; Taranto,
1983) - MH A RZGMTEARARHFE > UEEMIARAELEEE
#% % (Kim and Walker, 1992) - A8 &M & 40 i B 42 » LA &1L
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FeT #i7 €. 38 A7 3Rt B A2 4000 44 35 B BR 3 81K(p<0.05) 5 iy BAFT £ & 34
H APM:ACK=1:1 A% % > Rl E &8 F £ B (p>0.05)(k 19) -

EREMEIEHNE IR ERIE S RO Y
8 o T 3 sbdE H) & 44 50 E (Bean er al., 1978; Glover et al., 1986) -
BB B A5 AR A 48 T £ 47 48 3 45 #7 (differential scanning calorimetry,
DSC)& R~ (B 4 Bk 20) & 1848 R 42 69 B #1048 B 34 85
E s AR 4% (p<0.05) » AL 45 HI1L IR A Fo 34 44 & (enthalpy, AH)
R #& 88 % £ £ (p>0.05) - Pateras fv Rosenthal(1992)% 37, & 1% 45 48 5>
Fo 60-80% polydextrose /&R iR4(1:2 2 1:1) » polydextrose 7T 1% 5
BRHAILEE RIBETBREELS - AR AT U
polydextrose BRI o BB R MABRAL > & pplydextrose QP
MTHEERBEEREARDBCRSBRRAERELE S
(p<0.05) 5 4w A polydextrose 72 B4X i 48 & 15 & &k 2 & 4% (high-
ratio cake) » 7R 7] %5 3,24 polydextrose Fﬁ%ﬁﬂi%@#‘% LR ER 5
(Pateras and Rosenthal, 1992) - g4} » £ A Z#fa#= DSC B &+
(B H8R 2B R E#HEaE 61 CHR— RS &
79 & BB EACT A B 3 & @ 2 8 1t #% 47 74 (hydrogenated
cottonseed oil )5 A 7% 3 P 2R o

(VRS EE RGBT SN
WL X R LR Bt

EHREERIMN Sl P - AL ABARAKALGRE
Wikik o 2@ AR B (set) » BP T 49 B M #x K 2 & 4% (Kim and Walker,
1992a; Ngo and Taranto, 1986) » %% & 5% B 65 1 S B 4L 8 &
A  BMILEERSRKRNIE HELYFLY R F2EHEMHoward
etal., 1968) - MBNERER  BEBEREETREHGHLRE
BRE 8 5 (p<0.05)(F& 20) » R H M 0535 B 84K 0 AR AR £ -
R AR B A 3G BE 3 8UMp<0.05) (& 19) - & # 45 M (symmetry) 45
3 12 ka(%& 19) 0 LARTHT B3 % APM:ACK=1:1 A & B 6y sh A1 85
BREAZE B R T (p<0.05) » mudB RiLrfre i Rl otas £
R(p>0.05) ZHEHBEHEZEANY(ES) - EREHIIEHESE
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Table 19. Physiochemical characteristics of traditional and low-
sugar chiffon cakes®

- . - 5
Posiodemiesl  Conol_ Asprtame Pafelied ATEACK
Batter
Viscosity (cP) 11249 a 11174 a 9658 b 10090 ab
pH 7.10 a 6.78 ¢ 6.83 be 6.87b
Cake
Bake loss (%) 8.19a 8.70 a 8.03a 82la
Volume
Template method 216.5a 196.5b 201.5b 194.0b
(mm)
Rapeseed displacement 1735 a 15100 15210 1516 b
(mL)
Symmetry (mm) 205a 12.0b 19.0a 11.5b
Color
Crust
L 433 a 394 a 409 a 39.6a
a 156a 144 a 155a 143 a
b 194 a 180a 18.8 a 17.7 a
Crumb
L 88.0a 73.8b 71.70b 72.8b
a -0.6b 2.1a 1.4a 15a
b 23.1a 235a 232 a 24.1a
Moisture (%)
Crust 19.0a 179a 19.0a 18.1a
Crumb 359a 36.7 a 36.0a 365a
Water activity 0.934b 0.944 a 0.944 a 0.946 a
pH 7.69 a 6.72 ¢ 6.74 c 7.00b

® Means (three replications) with different letters in a row are
significantly different (p<0.05).

b APM:ACK=aspartame:acesulfame-K.
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Fig. 4. Differential scanning calorimetry thermograms for
traditional and low-sugar chiffon cake batters containing (a)
control, (b) aspartame, (c) encapsulated aspartame, and (d)
aspartame:acesulfame-K =1:1.
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Table 20. Starch gelatinization temperatures and enthalpies for
traditional and low-sugar chiffon cake batters®

Transition temperature®("C)  AH?®

Ingredient variation

T, T, )
Control 84.4 a 92.8b 2.17 a
Aspartame 87.8a 96.9 a 2.12a
Encapsulated aspartame 863 a 96.2 a 223 a
APM:ACK=]:1° 87.1 a 97.1a 201 a

® Means (three replications) with different letters in a column are
significantly different (p < 0.05).

® T, and T, = onset and peak transition temperatures. AH =

transition enthalpy.
¢ APM:ACK=aspartame:acesulfame-K.

-37-



A 552
O Tl
o NSTEN
PR ey T
B8P L v

LTS T
Rena

BZ - 4 fBBARERIREE -
Fig. 5. Traditional and low-sugar chiffon cakes cross sections. (a)
control, (b) aspartame; (c) encapsulated aspartame; and (d)

aspartame:acesulfame-K=1:1.
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BEEZ R (>0.05) BRI UEEEHES L ABIRE a A8
B &5(p<0.05)(& 19) > BT ENFBAEBE LB -

B Fo (R S BV E AR Z SN R BB K 50 2 B AR 17.9-19.0%
B 35.9-36.7% > # it BBRE £ E(p>0.05) - {2 i s B R AR B >
B R Z KRBT HIBE B FH(00.05)(k 19) RFEFLETEEE
(25£ 2°C, MMHIERE 60-65%) > R sE T 1| REH 0 1R H
MR#x4a o sboh » B 10% polydextrose K&k 2 pH 2% 2.5-3.5
B pH E&8/& » ¥EBERE i Z ke pH {435 8 3 818
(p<0.05)(% 19) -

IR R Z N EHA AL AE Y

T E A REREEEYHERR R — ERERA G
& BB AR ) o W R ek (Homler, 1984) » 3/ R 3R &,
BRI R TR B 2B W o AR5 &R E %
HPLOM R E#E T TR B R L R A Y » MABRATIF R E R
FErr R AR R SLRED > K R2HR 3 ERBERAEETHY
4 X A BE B (phenylalanine) -~ aspartylphenylalanine (AP) &
diketopiperazine (DKP) 3 #FT47 &3t e Z 42 & ¥ (8 6) ° Prodolliet
#o Bruelhart (1993) % 4R 24 W E R ERSL » BRTH - £ A
Hulp) FAR A MR ERERS S S X B - AP & DKP ; 1%
BERBENNERITHFORICEA  FIHRIIELEEY
(Tsang et al., 1985) ° FTHT B3t e) AL A2 2 34 e ook - 7 8 B
wk & 4 (Homler, 1984) -

HBREHEEEBEMTTCHMIEREE » WRBIRZ T
B EDRAREBRLER AR B EBEREEE T THE
2R E R E M E(recovery)(k 21) - RMB EILITAHEMAEE
A FTHT 2 = R 3 41% 883 B AT 7 B3 fe APM:ACK=1:1
Pt 1 £ (p<0.05) ; Wetzel Fo Bell (1998)%% 3, 4o i 24 B8 & AL FT 7 B30
% 1k 33 475 5 5 B #% (vellow layer cake) » ik % 8] & 32-35% o i LA
FIEFE B E R R 24% > BEEAMBE/LMTE
AR B 2 (p<0.05) » 48 8N FTHT B30 > AP B AL P H7 2o 8 6 B
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Fig. 6. HPLC chromatogram of aspartame and its
decomposition products in low-sugar chiffon cake
containing aspartame:acesulfame-K =1:1.
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Table 21. Concentration and recovery of aspartame (APM) in low-
sugar chiffon cake

Concentration (%)

R a,b
 Batier Cake o
Ingredient variation Calculated Measured
APM 0.310 0.339 0.080 23.7+1.8b

Encapsulated APM 0.304 0.333 0.136 409+ 2.6a
APM:ACK=1:1° 0.129 0.141 0.020 14.0+ 2.7 ¢

*Recovery (%) = (Measured conc./calculated conc.) x 100%.

®Means (three replications) with different letters in a column are
- significantly different (p < 0.05). -
* APM:ACK=aspartame:acesulfame-K.
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BEAE > T 3% e E  mARE Y in kR Ess > T
A 70-79% & 44 & (NutraSweet, 1994; Wetzel and Bell, 1998) - & #
BB EAFTI B A B OE SAiFd 0 E R RE > TR
AW BT RER & B AT % 2 8 3% (NutraSweet, 1996; Peck,
1994; Pszczola, 1988) o pbsh » 2537, APM:ACK=1:1 Ff & B4t 2 [
EMEURERA 14%  BBERE10HEFR(P<0.05) B EFHi&
—FHER -

3% BB AR IR TN

EROARTHEI @(R 22) RERAERAS » F 45015
BRBERZBN  BE  BRMERM R BREE LR (p0.05) -
fera B E 4k 0 s APMIACK=1:1 il > Eobkfominy
BRI BERE Bk EEZ A E % B ¥R R AT o B E BUA
(p<0.05) = M LAFTRT B34 AF B & H % sk s & B 3 8232 (p>0.05) 5
AR R ACRT AT B AT 8 5 o H B R % 5 BE 2 8UR(D>0.05) - &
BREHEAAERERAEELE ARSI A THRELY
£EBEZEDO0.05) N UMB R Catir f B A
135 B8 Z B AR 48 (p<0.05)(k 22) 0 BB ELMTH B3 E A4
FF ol B E BT B3 5 (8 keal/g)(Peck, 1994) » (B X & G &
HARBBAMM CHEECBREAER B HEEHEE
ZHIE - |

E 4 &3R5 (Peryam and Pilgrim, 1957)44& A $84= X £ 107
fMeErAEBE > AP FMPLHEE 55%F 45% > F#54 18-25 &
E%(k 23)  BEBERAGIIEETT %R AU FRRER
EREATRF - ERBT(R 24) FHEHEHEBERBEEEZ IR
B b~ Bok ~ Bk R AR Rk 89 B4 34 BR 2 AR ME 45 (p<0.05)
EEIEEREAREHRF T ELE 5359 HATHESEEAR -
MERZIBEERGELPERR I BEEINARETERE
(p<0.05) Bif && ¥ 5 k&2 E ERMEAE B 5(<0.05)(% 25)
BTARAERAERREBRABEEAL -
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Table 22. Sensory attributes of traditional and low-sugar chiffon cakes® using

an experienced panel (n=6)°

Ingredient

Sweetness

Aftertaste

variation Springiness Firmness Moistness Crust Crumb Crust  Crumb Overall

Control 7.7a 49a 69a 97a 82a 50b 24b 99a

Aspartame 10.7 a 56a 74a 83a 82a 97a 39b 89ab

Encapsulated 9o, 542 80a 102 1032 S1ab 45b 61b
aspartame

APM:ACK 104a  52a  77a 77a 97a 100a 81a 58b

=1:1°

? Means score from 0 to 15.

aftertaste, like.

0 = hard, not springy, dry, unsweet,
nonaftertaste, dislike; 15 = soft, very springy, wet, intensely sweet, strong

® Means with different letters in a column are significantly different (p <

0.05).

¢ APM:ACK=aspartame:acesulfame-K.
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Table 23. Demographics for consumer panelists
evaluating sensory characteristics of chiffon cake

Characteristics Number Percent
Sex
Female 59 55.1
Male 48 449
Age in years
18-21 43 40.2
22-25 51 47.7
26-31 13 12.1

R+ w o FER L E0=107) /45 2 4% S50 848 R R R
IR B M |

Table 24. Sensory attributes of traditional and low-sugar chiffon
cakes® using a consumer panel (n=107)°

Cake Appearance Texture Sweetness Flavor Overall
With crust | N
Control 6.0 ab 6.2 ab 6.5a 6.7 a 6.4a

Low-sugar 5.5c 55¢ 550 530 53c
Crumb

Control 6.3 a 6.6a  66a 6.5a 6.5a
Low-sugar 5.7 bc 59b 59b 5.6b 5.7b
CVe 227 233 236 259 23.9

* A 9-point hedonic scale (9=like extremely; 8=like very much;
7=like moderately; 6=like slightly; S=neither like nor dislike;
4=dislike slightly; 3=dislike moderately; 2=dislike very much;
1=dislike extremely) was used.

® Means with different letters in a column are significantly different
(p <0.05).

¢ Coefficient of variation, %.
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Table 25. A consumer, overweight and obese or diabetic
panel’s desire for consuming low-sugar chiffon cake®®

Cake type Consumer Obesity Diabetic

With crust 50+ 1.8b 59+ 16a 541 2.1b
Crumb 5.8t 1.5a 6.1+ 19a 7.1+ 16a

® Scores range from 1 to 9 with 1=low likelihood to
consume the product and 9=low likelihood to consume
the product.

®Means with different letters in a column are significantly

different (p < 0.05).
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o B ELRBERR EFHBEBEEREZIESE o
Bl H BT E M SR RER o R E A L 28 4 35-55 R KLk
LB A x> #% BMI (body mass index)H X3t HIF/EEE - B
REEH 2(m)x22 BMDARLZAME  mOFExIBREYL LT
114 10-20% (overweight) sk, 20%3A Ik (obese) o #& fk s & F B L 14
BEBLLSBERBEAT HPFELE L 20%F 71% F8& A 45-72
B BRHERA(R22 RE2) BRBEEEGLAERTHERET%
5475 REZRBABEZHEITEHSIN—RAEE B
BEERNF8H(R2)-

BETR A EA ST ZHMERTIES ~ twin’ ~ 152540 6L 3] &2
AEEREER  AAXRBEESMLEEE  HEBAEER -

AR o BB BT N

REBTEBRBAEMITEZ 86 $ L BMEALSERY
BHESGERREHEAOBRE(R 28) - MBNELER £A 1/4
3%, 8 (& 100 )&y adE &AL > TV #HER 18 g 4K 56 kcal # & -
) HE AR 6T % B R 18 %o & - |

=~ oA R R R E R S R

LA AR REHREAERESEZILE oA E4
Fo BB EHEN25CER 4 CARAR-I8CAHARTHFE 4R X
BEERARBAT L E 047 ©

(—)E g aB R 2R

B8 L e 5 A 4 1t B % (staling)(Seow and Teo,
1996) - 2L EZE R ARG ESATHANMN  BEEMEMS
RFFEREILE 5 % 0 EH T HE X EFKBechtel er al., 1953
Seow and Teo, 1996) - sA 4@ & A1) - 2 E4LA M 4945 Mo Bk AP
HANIEER - ESGBRRGH -~ Bl KA~ THEERY
B kA 11 kY % (Herz, 1965) -
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Table 26. Sensory attributes of low-sugar chiffon cake® using a
overweight and obese panel (n=28)"

Cake type Appearance Texture Sweetness Flavor Overall

With crust 59b 59b 59a 6.2a 6.1a
Crumb 6.7 a 6.9 a 58a 6.4 a 6.5a
Ccve 22.9 22.7 33.6 24.5 29.1

® A 9-point hedonic scale (9=like extremely; 8=like very much;
7=like moderately; 6=like slightly; 5=neither like nor dislike;
4=dislike slightly; 3=dislike moderately; 2=dislike very much;
1=dislike extremely) was used.

®Means with different letters in a column are significantly different
(p <0.05).

¢ Coefficient of variation, %.

R+t BAREESSFE @@= 2B R AR RO R T
i

Table 27. Sensory attributes of low-sugar chiffon cake® using a
diabetic panel (n=14)"

Cake type Appearance Texture Sweetness Flavor Overall

With crust 6.5b 6.7 a 54Db 6.5a 6.1b
Crumb 7.5a 7.4 a 7.1a 7.1a 73 a
Ccve 17.9 14.2 21.9 18.5 16.1

® A 9-point hedonic scale (9=like extremely; 8=like very much;
7=like moderately; 6=like slightly; S5=neither like nor dislike;
4=dislike slightly; 3=dislike moderately; 2=dislike very much;
1=dislike extremely) was used.

®Means with different letters in a column are significantly different
(p <0.09).

¢ Coefficient of variation, %.
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Table 28. Calories of traditional and low-sugar chiffon cakes

Control Low-sugar cake
Composition  Content  Calories Content  Calories
(2/100 g) (kcal/100g) (g/100g) (kcal/100 g)

Protein 5.23 20.92 5.10 23.48
Aspartame 0.31 1.24
Lipid 13.26 119.34 12.96 116.64
Carbohydrate

Starch 15.18 60.72 14.83 59.32

Lactose 0.57 2.28 0.55 2.20

Sucrose 26.29 105.16 8.56 34.24

Polydextrose 18.26 ~ 18.26
Total 308.42 252.3
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AR FRMAEEH RS AR R EE R L S
AR E | BRERATFZBREEF » BF 96% polydextrose 45%}‘?t
W& T0%K(fwb) » BLE-1E A FTHT B3t R M AE BB B 45 (k 6) i
BERNIEORBE - BHRORERRT GIPZEBRIEY 4
B EEEICRE SIS -

LB X El R E 21t

AT BB (ge)BT AR > At iib it B ~ X4 mn g
MBFIAM > HetMnEE T ERAE > mEAMA S LR
A X H(Miles et al., 1985) o e 877514 4 Fo {848 B BB £ 84 DSC
By #R2MER%E L¢P a5EeRas B g 55-60C
Mm% 2 MEA2E 100°C R EER] B H 48 F0 9105 T A48 O WIE B rT
#(Czuchajowska and Pomeranz, 1989) - DSC & £ 855~ (&% 29) » 1%
S B R R R TR Tk B E(T)S 51.5C » Lhi&g

BE(T)A 575C ) mEEHZIFHRBRRNEBELE 11T £
REAK - sboh ERARBEREATENAR SBITHF  DBED
ZRERE I & ZHABY . @ Soulaka Fv Morrison (1985)47 % H.46
CERSENT  HURBRHILNELETAS - 9BEH2 i
WRREBEBRENEEEEXA45KEZH % (Eberstein et al.,
1980) ; ERBEEHESTFHME > THAEASKEEN GG » B FH
BRI RETEAGREEERR -

BAE BB AL EX T AR (B 154 >S4
BAERBRERZBENAE ENETAFHEME i AFEN
4CHEZHRBER 25CR-18CHAL » Bl bR ERAR
A ERBENIELEEYRE HAEBALEERLDEREZI
At (Ponte, 1990) » M ZHE B ER D » FHHFRHEH D58
BRALEBRELESD BB THEERD S8R LTELE AR
WL REAEHE BB HELEEEZEEH  ERDRHBLE
d 0 BT RF LN KB R 422 HRAR(EE, 1988;
Spies and Hoseney, 1982) - &2 B B E 4 B S # 8 1K - FAHARZ
BHERY  BRBREREERMNE -
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Table 29. Melting temperatures of starch retrogradation in
traditional and low-sugar chiffon cakes during storage

Storage Storage — Lraditional cake Low-sugar cake
temp. time _lemperature ("C)* Temperature (°C)?
(C)  (days) T, T, T, T,
Freshly prepared - - - -
25 1 - - - -
3 53.6 57.6 52.0 59.5
4 1 52.5 60.3 521 570
3 51.3 57.5 50.7 55.9
7 50.8 56.7 49.8 56.0
14 50.3 56.6 49.2 55.0
-18 1 - - - -
3 55.9 60.4 524 589
7 52.2 59.2 52.1 57.5
14 49.7 55.6 49.1 55.4
Mean 52.0 58.0 50.9 56.9
SD 2.00 1.79 1.40 1.64
* T, and T, = onset and peak transition temperatures.
® Based on dry crumb weight.
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Fig. 7. Changes in melting enthalpies of starch
retrogradation in traditional and low-sugar chiffon cakes
during storage.

Traditional: .... Low-sugar: —;25°C:® 4°C:® -18C:a
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A4 1 R 5 f (theometer) B & Z A28 B 2 37 77 $41L(B 8) - &
RER > Bafo BB REAE LAY E IR  E @3 o
BRBUAFTHFA 1 R3 R BEEEMREE £ 3 RENENTE
M3 %A KSR L2 MY E F)(Ghiasi ef al., 1984; Martin ez
al., 1991; Seow and Teo, 1996) - B B $H% 4 fo {548 iR B 4L58 & 2
BEBEAR > B 2SCHELEREMMER » kY 4C > m-18CH#H
ERENMRE  BEERETENER » B 25CH2 R EH i
4°C #:(Guinot and Mathlouthi, 1991; Taranto, 1983) = EpZ&#25> 4°C
FIF T R BT EAREE R B R LR EYRERE S -

ERFER  Baf BRARERZI KL BABAY
BRMIMERET BREERRN G DRSS MY I
#1(r=0.80, p<0.05) » #ctte Al AR B HEAR I 4 2 8 °T A SH > o ) 8
% M ° Rogers %(1988)47% 8 DSC # )t Bl M B & &k
EREOUEERN THEELRRMK -

3ERERRZE

BT R EREBRZIETFER(B 9 KRBT &
FAHESREEARERRIEXE WA S R TR
RAFTHRT 3 RTHEERA > $ 3 RANENTE - BEHA
BERERRIBEBRR NACHFHMERAE I TEER
M LA-18°CHv 25 C AT #ALE) - M B BRBEH I L BRI NS
BAESE  METFRALE YT AL -

HHEMIVERFi LSFEHRAREEYEBRAEE R
BR % & 48 Bl (=-0.65, p<0.05) » Bechtel % (1953)7F 5 3£ 1t48 & &)
BEAAEGENEBETIHEIREE AN BErEEREORE
HEEZHRIHEQK - o ZTEAOERAF I THADRBDS
B ZBAE 248 M (=0.71, p<0.05) -
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Fig. 8. Changes in hardness of traditional and low-sugar
chiffon cakes during storage.
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Table 30. Levels of aspartame (APM) in low-sugar chiffon cake during
storage '

‘ Encapsulated | ) —1.4b
Storage St9rage Aspartame aspartame APM:ACK=1:1

(days) ™8 APM/ % APM*® mg APM/ % APM*® mg APM/ % APM °
) Y gcake remaining gcake remajning g cake remaining
Freshly prepared  0.802 100.0 1.364 100.0 0.198 100.0

25 1 0.523 65.2 1.312 96.2 0.121 61.1
3 0.389 48.6 0.945 69.3 0.050 25.5

5 0.191 23.9 0.805 59.0 0.043 21.5

4 1 0.609 80.0 1.288 94.5 0.136 68.8
3 0.567 70.7 1.270 93.1 0.139 70.0

5 0.561 69.9 1.252 91.8 0.138 69.4

7 0.558 69.6 1.213 89.0 0.120 60.7

14 0.557 69.4 1.193 87.5 0.121 60.9

-18 1 0.693 86.5 1.364 100.0 0.182 92.0
3 0.684 85.3 1.364 100.0 0.181 91.3

5 0.649 80.9 1.362 99.9 0.181 91.3

7 0.647 80.7 1.354  99.2 0.174 87.7

14 0.636 79.3 1.357 99.5 0.175 38.4

* On the basis of percentage of the original level as 100% aspartame.
® APM:ACK=aspartame:acesulfame-K.
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Appendix 3. The sample of traditional and low-sugar chiffon cakes

(a) traditional cake; (b) low-sugar cake

(a)

(b)




