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ABSTRACT: Objective To investigate the formula optimization conditions for low-sugar tamarind-coconut oil
fruit cake, utilizing tamarind, coconut oil and xylitol as the primary ingredients, and to assess the quality of the final

product. Methods The low-sugar tamarind-coconut oil fruit cake was optimized using sensory evaluation, texture,
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and color difference as indicators through a single-factor orthogonal experimental design. The physical, microbial,
mineral element, and flavor characteristics of the finished product were also analyzed. Results The optimal
formulation for low-sugar tamarind-coconut fruit cake was: Based on a total product weight of 50 g, tamarind juice
8 g, coconut oil 4 g, carrageenan 0.27 g, konjac powder 0.54 g and xylitol 8 g. Under these optimal conditions, the
sensory score of the low-sugar tamarind-coconut oil fruit cake was 94.70 points; the hardness, elasticity,
adhesiveness and chewiness were 93.33 g, 2.54 mm, 79.33 g and 2.00 mJ, respectively; the color difference L,
a’, b were 46.34, 7.13, 13.27 respectively; the total sugar, total acid and amino acid content were 27.18 g/100 g,
0.39 mg/g and 0.25 mg/g, respectively; the content of mineral elements potassium, phosphorus, calcium, and magnesium
were 717.95, 62.17, 73.70 and 91.40 mg/kg, respectively, with a ratio of phosphorus to calcium close to 1:1; electronic nose
analysis reveals that the aroma of the finished product primarily consists of short-chain alkanes, alcohols, ethers, aldehydes,
ketones, aromatic compounds, and sulfides. The sum of contribution rates of the first and second principal components in

principal component analysis (PCA) was 98.80%. Conclusion The low-sugar tamarind-coconut oil fruit cake made by this

%16 &

method is nutritious, moderately soft and firm in texture, with uniform color and unique flavor.

KEY WORDS: tamarind; coconut oil; fruit cake; formula optimization; quality
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Table 1 Factors and levels of orthogonal test

S ST BBt CORBERE  DHETH
Wink)/e  BE)g WA/ BN/

1 0.8 5 8 2

2 0.9 8 10 3

3 1.0 11 12 4
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100 43), HARPEAFRUELZE 2,
=2 REREIEME

Table 2 Sensory evaluation standard of fruit cake

L BEES S REEREWRE, WAOLE  16~20
(ﬁg)@ﬁWE#ﬁ,%&ﬁﬁﬁﬁ@L%%ﬁ% 9-15
PG, SRR 0~8
REISERT, RO, 44195 16~20
HYURDS

2049) FEANA, R, HHs) 9~15
AL, AR 0~8
S WG, WA, R 20~30
(30';;) RS ol Ry O, WA s, TLBER AN 10~19
PRGN K, s R0, ok 0~8
BATB AT A &R, FWRERE, 20-30

BR S 1
Rk BRI R, FWRR, 10219

(3043) [irgiipuly
LA A R A A I A &, BIHIR AN IS 0-8

T, A5 5Bk
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Fig.l Effects of different edible gum adding volume on the
sensory score of fruit cake
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Table 4 Effects of different edible gum adding volume on the
texture of fruit cake

Table 3 Standard sensor information of PEN3 electronic nose WK Y ‘ N

e R TR . i /g e /mm R EMg HEME/mI
1 wWIiC S A . KR 0.5 105.6741.25°  2.66+0.12°  87.67+0.47°  2.27+0.12°
2 W5S X R A Y R AL 0.7 132.33+£3.30¢  2.76£0.02* 113.00+1.41¢ 3.07+0.05
3 W3C Xl 2 R A 0.9 214.33+4.78° 2.74+0.03° 177.33+4.03° 4.770.17°
4 W6s MM AR 11 257.004455° 2.76:0.05° 218.00£2.16° 5.93+0.19"
> ws€ Xk Ji oy R 13 50333+4.19° 2.65:0.07° 383.67£525° 9.97+0.17°
6 wiS X FE R BE R R A — -
Z WiW A AL A i 1 FISIRRI AR R 225 535 (P<0.05), % 5~8 Al
8 w2s PR R, . ERZER AL 212 FTERLEFH AT RESR RO
9 Waw MITERGY . A LB R B JE 5 790 2 52 M SR AR I T i R R B R DG H
10 W3S BB R A

1.4 HIELLIE

A G BT A5 4 K FH Excel 2010, SPSS 26.0., Origin
2022 FEATAFRFIGIT, BRI ER IR 2R . SRH
Duncan Z FAGI A T & TEMT, P<0.05 Rzt B % .

PR, i P e 5 88 A A9 T LA S R ) SR i Y
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Fig.2 Effects of ratio of carrageenan to konjac on the sensory
score of fruit cake

RS FEFRIERS BT BI5T REEFARZZA0
Table 5 Effects of ratio of carrageenan to konjac on the texture
of fruit cake

Rhif:

P T i /g #PE/mm  REM/e  HEE/mI
13 57.67£3.77°  2.51£0.23" 50.00+6.98° 1.23+0.25
12 86.33+1.25¢  2.76£0.06" 77.67+2.36° 2.10£0.14°
1:1 21533+£3.77° 2.69£0.07" 182.33+£3.68" 4.77+0.05
2:1 401.67+1.25°  2.59+0.04" 306.67+5.73% 7.77+0.24"
3:1 460.00+12.03*  2.51£0.03* 317.00+8.04*  7.00+0.28"

213 BRA TR E RS AR

T AR R A I T 7 o ) € T A XU D) R A
THRYES I SR L T RZ I DL IR 3 AR 6, MR
MHEAE 2~8 g ZIA, PR BT, FERE LR
TR BNy 8 g i, W, ILhT FEERREHE P,
TRy, R HaFESs, A%, RANER
WAL, MPRATIRINERAE 8~26 g Z AN, BEEPES FIsL B
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FeF ARG . R IESE 5. 8. 11 g 3 MK TR LM IE
214 MEF b a4 R AT RS YR

BT~ 300 B4 0B S S AT S SRR 1 7 A< L T L
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B WA 3 g BYE PR, BLETR A AR
B AU EURAD, SRR RS, @EFE . s
BE 3~9 g ZIEEE, BEPES2 TR, BEEFIhE
T BN, IR E RSB AR RS, e S
T A ER, XFEREE A2, B R,
AR Rk, Sm R R, Al B s
SRS A R A BT AR T E I N R 2 — . R 2.
3. 4 g3 MNP IR SLERE L8
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Fig.3 Effects of different tamarind juice adding volume on the
sensory score of fruit cake

F6 TREBERATHRMEXNREEEENHM
Table 6 Effects of different tamarind juice adding volume on the
color difference of fruit cake

178 Ranf] . . .
NSy L a b
& /g
2 47.31£0.64° 0.92+0.02¢ 5.55+0.08°
8 45.41+0.28" 5.33+0.05¢ 12.44+0.13¢
14 43.56+1.16° 5.71+0.02¢ 13.09+0.18°
20 40.21£0.53¢ 8.09+0.08° 17.02+0.21°
26 39.25+0.18¢ 9.32+0.06° 18.57+0.15
100 -
a a
80 | &3 B _%_ _T_
& Rt
& 60 -
Plui
# 40r
20+
1 3 5 7 9

BRI n e/g
P 4 O [IA T3 By o o SRR S TP 231 i

Fig.4 Effects of different coconut oil adding volume on the
sensory score of fruit cake
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Table 7 Effects of different coconut oil adding volume on the
color difference of fruit cake

HB T~

Wi /g “ 2
1 32.77+0.44° 4.78+0.15° 9.75+0.08°
3 40.12£0.39¢ 4.79+0.02° 11.87+0.13¢
5 45.10£0.31° 5.48+0.08° 12.87+0.12°
7 49.62+0.21° 5.59+0.14° 13.58+0.15°
9 52.14+0.05 5.85+0.09° 14.49+0.26"

21.5 AKBEGRMENREESLGGHH

AROHH T P S T it AT LA o SRR IR, B A AR B
0 T2 TS 0, T A T 27 AW I ) A o e SR
HE S BT A2 e DL L 5 RN 8o Y ARMEBE ) WS I 7E 2~10 g
ZIEr, BCEPEA R B, WEh 10 g B Psr
e, DLEE SRR RS o, BE R | SRR, JREME S
;YRS YR N TE 10~18 g 22 (A1, SFRE 78 W7 O it
R, R B T R 2, T L 5 TR A A KUK 2,
WSy, R, R 8. 10, 12 g 3 MAKEIHATIELE
RS

100

60

EIT5y

20 -

2 6 10 14 18
AEBER N/ g

FEL S O T ARBE 2 4 S ) SRR R B P43 B 2 )
Fig.5 Effects of different xylitol adding volume on the
sensory score of fruit cake

R 8 NEIARYEERRME X RALFADHIT0
Table 8 Effects of different xylitol adding volume on the
texture of fruit cake

gﬁzi Whee  Mtbmm o RSt W
2 57.6743.77°  2.51£023*  50.00£0.82°  1.23+0.25¢
6 86.33+1.25¢  2.76+0.06" 77.67+2.36"  2.10£0.14°
10 21533+3.77°  2.69+0.07° 182.333.68°  4.77+0.05°
14 401.67+1.25°  2.59+0.04* 306.67+5.73°  7.77+0.24*
18 460.00£4.97° 2.51£0.03* 317.00£2.16°  7.80+£0.28"

22 EXRZTWLER

ROME T2 A7 BB -t SRR 1 T 7 1E A8 PRk S 36 45 SR el
LZOMTAE RN 9 Fis. 4 AR ZE IR A1 i SR AL
25 A PE4 0 R WA R BE K BN A 50k BORR A TH
H>AB R I ED)>CORBEBE TS I &)>D Il s i),
R R A0 M T SRR By Fe L3R 4,B2CiDs, Fef TR
Jih: RRE 0.27 g, BEEKY 0.54 ¢, BRFATE 8 g AWHEES g,
Bl 4 g, BETE-N 94.70 43

R9 RERMESERSERSH
Table 9 Analysis of orthogonal assay results on optimum
formula of fruit cake

SN

FHG AW BERMIE CORBERE DU TN
Wi )/g Whnkt)/g  WNE)g  WNE)/g
1 1 1 1 1 88.50+5.52
2 1 2 2 2 90.40+2.41
3 1 3 3 3 88.00+4.03
4 2 1 2 3 86.30+5.46
5 2 2 3 1 90.20+2.30
6 2 3 1 2 86.30+4.03
7 3 1 3 2 87.00+6.50
8 3 2 1 3 91.00+2.40
9 3 3 2 1 86.30+5.14
K, 88.967 87.267 88.600 88.333
K 87.600 90.533 87.677 87.900
K; 88.100 86.867 88.400 88.433
R 1.367 3.666 0.933 0.533

23 BUMMEMERUESR

VERURAERL fr, He B8 b A= 102, A5 (IR A A
FIhARAE, e HEAE . YRR L 10, e AR RS
TR A1 A6 7 i SR RS BB A B 27.18 /100 g, & TF GB/T
10782—2021 Bl 75 /100 g, J& TARBEFI HLke, AR
Sl 0.25 mg/g, MR N 0.39 mg/g, AR YIHEARIT &
GB 4789.3—2016 { & & EEFhrlE &MY ERR
KIGHEREITE) F1 GB 4789.2—2022 { &t it 4 EZK e
AR E BRVE RO e ) R, 2R (E Rk
IRFTZEER L0 46.34, REBLILRIN oy 713, RFETIE
B b 01327, L7, " b RIEBBNY BIF R @M . 20,
o, 2w k. P AR R 93.33 g,
P 2.54 mm, FEENE 79.33 g, FHIEHE S 2.00 mJ, §HIIG
EHRIE BN AR B A5 BES R, JUHUR A
SRA 717.95 mg/kg, JTHBERESM LA, HE 101, B
H—EEFRMER,
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F 10 REIBUMBEDIERR

Table 10 Physicochemical and microbiological indicators of

fruit cake
£zt LioallR(E]
RBE/(2/100 g) 27.18+0.07
R /(mg/g) 0.39+0.004
IR/ (mg/g) 0.25+0.006
L 46.34+0.50
a’ 7.13+0.02
b 13.27£0.09
i /g 93.33+2.05
M/ mm 2.54+0.03
/g 79.33+2.62
NELIE4/m) 2.00+0.08
Bk /(mg/kg) 2.32+0.15
B /(mg/kg) 717.95+2.24
W /(mg/kg) 62.17+0.52
#5/(mg/kg) 73.70£1.21
B /(mg/kg) 91.40+1.34
B4 S 8/(CFU/R) <10
KM # #E/(CFU/g) E N oA
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Fig.6 Comparative analysis of electronic nose radar images
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