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Table 1 Experimental of fruit tapioca pearl by using constrained simplex lattice mixture design

Treatment Pineapple (%) Banana (%) Guava (%)
1 100.00 0.00 0.00
2 0.00 100.00 0.00
3 50.00 50.00 0.00
[ 0.00 0.00 100.00
5 100.00 0.00 0.00
[ 50.00 0.00 50.00
7 33.33 33.33 33.33
8 0.00 50.00 50.00
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aenpdasfiun1sdnudy q fuandidiuiudaieislouuas
uisfudusndsdaaantinisnenmuasmaedduandieiu
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HanAualaRuY (Sangyojarn et al., 2022)

Table 2 Hardness and Springiness of tapioca pearl product from varies of tapioca starch and arrowroot starch

Tapioca : Arrowroot (%)

Hardness (g)

Springiness (%)

100:0
95:50
90:10
85:15
80:20

11.43°43.31 56.78%°+5.18
14.00%+1.05 49.56°+6.15
16.43%+2.52 59.79%°+2.48
22.22°+6.40 64.85%+11.80
19.85%°+2.04 53.53%+7.91

Values are mean + SD of replicate sample (n=5).

2be pifferent superscript letters in the same column indicate significant difference (p<0.05).

nansAnwsnTIdIueIutlwineetonlundndueiide
Ty nuanddiiuiinisiinduuudaingisioudnasenna
L* a* uaz b* veswdndneidaliynegreddedidgnicada
(p<0.05) iawfisufunmsidutliudUsnduiiosogaies Toom
A 1* a* uaw b* duwalvuged umuusunaudaiiensdeud
Wiy nsldudatudvzndatuudaienedeniissiu 80:15
(neimitn) fwaviliend L a* uay b* wiriu 24.62 4.08 uay

9.82 MUa1AU (Table 3) Fadnwauenisiiaaatavoawtalu

=

dlvmasuazutaineetsuluvaglasunnusouianuduniia
wazanulaliunnaneiu urdnwaranulaveswtsfimuduius
funisdusvesmtarUSunaeslulaa WeanissnSeadai
wdurunagylinasiuladesdinalilaaianwagivnasiay
wiley Snuurvesiulanvewutuineetdoundiannduas

fnnuniledlaniuduiudUendanidviyu (Rittiruengde),
2003)

Table 3 L* a* b* value of tapioca pearl product from varies of tapioca starch and arrowroot starch

Tapioca: Arrowroot (%) L* a* b*
100:0 23.24°+0.18 3.36°+0.08 7.46°+0.19
95:50 23.00°+0.11 3.80°+0.08 8.93°40.26
90:10 24.40°+0.11 3.90°+0.17 7.63%+0.09
85:15 24.62°+0.12 4.08°+0.04 9.82°+0.16
80:20 22.849+0.13 3.53°+0.19 9.38°+0.25

Values are mean + SD of replicate sample (n=5).

@b < Different superscript letters in the same column indicate significant difference (p<0.05).
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nwualdlnenisiimalyd laun dudsse (X)) Sewag 0-100
n&8137 (X,) Yesaz 0-100 uazdis (X)) Yo8az 0-100
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fid1Auude s3ning 37.87-377.17 g Aranudangu szning
7.46-10.95 @ANd L* 581919 20.46-24.70 Ad a* 38N
0.91-1.93 wagAd b* 51313 5.06-8.71 Tun1sifisTunaves
Fulzsauandaetint dwavinliaanuuduazauiangu

voufinldyndiAnfiuanntu winsufissegrudeddawalininng

wazanuBanguvosdinliyniiianas (Table 4)

Table 4 Mixture design and response variables of fruit-based tapioca pearl product

Run Pineapple Banana Guava Hardness (g) Springiness L* a* b*

(X,) (X,) (X3) (Y,) (%) (Y,) (Ys) (Y, (Ys)
1 100.00 0.00 0.00 377.17+14.80 9.66+0.84 23.25+0.18 1.93+0.08 8.71+£0.33
2 0.00 100.00 0.00 341.23+14.25 8.93+0.95 24.31+0.18 0.96+0.14 8.19+0.12
3 50.00 50.00 0.00 294.55+13.21 8.96+1.59 20.54+0.11 1.01+0.36 5.98+0.47
4 0.00 0.00 100.00 37.87+£13.16 7.46+1.65 24.70+0.15 1.05+0.18 7.28+0.79
5 100.00 0.00 0.00 377.17+5.87 9.66+0.10 23.25+0.11 1.93+0.32 8.71+£0.36
6 50.00 0.00 50.00 331.16+1.89 9.08+0.67 22.31+0.08 1.38+0.24 5.94+0.27
7 33.33 33.33 33.33 38.28+13.75 10.95+2.97 21.90+0.14 1.12+0.29 5.06+0.70
8 0.00 50.00 50.00 41.21+14.47 8.42+0.78 20.46+0.11 0.91+0.32 5.46+0.29

HANISA N®INUI 1151935 Response surface
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wnzaufiazthunldvhueanldegauugr wenanilen Model
significance fA1oN31 0.05 (p<0.05) WAAITIBNTNATIUVDY
HadefifinasioAmnuuds Arudavegu Ad L* uay b* ves
Waldynarnwalil Inefidvdnasiuszwinsdudzsn (X,) fundae
131 (X,) BvEnasamssrinedulse (X,) furds (X5) uazdndna
Samszminandaein i1 (x) fudda (x) Tagldynuasnaliiien
Model significance waeA1ANUDY A1AIMEANEY ANE L* uag
b* wirifu 0.0348 0.023 0.0050 kaz 0.0461 ALY AU
IagiAAuwiNg U NEINB AN 1IN NTAIAMATNNNIBATNYDS
Iynnaunals luvueiiend a* wuihguuuudaesiivinzande
LUUD189LTaLd U (linear model) A1 Model significance
Winu 0.0405 FeAnanulndifiesseninamaainnismaasaiu

LUUINARIanagnl8n15UsE i uIInAduUsEdni veanis

gndula (R 581119 0 919 1 1meminAIaINnNSAIUIMAIEENNTT
amaaﬂﬁﬂ'wwhﬁuﬁwﬁiﬁmﬂmswmaamﬂﬂm R agdimninnu 1
Wa¥A AN NG 8IUBIA 1 R (adjusted coefficient of
determination; Adj- R2) Tunsaifiisuutademnnit 1 Jade
wuRAAuude AanuBangu A1d L* a* waz b* fidn Adj- A7
WU 0.9508 0.9968 0.9930 0.6116 kaz 0.9345 AuaIAU
(Table 5)
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nan153901 Sanandliiiuindnd a* A1 Model Significance
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Table 5 Regression model of fruit-based tapioca product
Regress coefficient Hardness (g) Springiness (%) L* value a* value b* value

Yy (Y,) (Ys) (Yy) (Ys)

B - Pineapple (%) 373.34 9.56 23.76 2.23 8.36

B, - Banana (%) 345.75 8.64 5.58 071 8.19

B - Guava (%) 42.39 9.19 24.72 0.93 7.28

B

B

ﬁ33

B -1311.35 215.32 23.23 -9.19

B 420,93 156.18 -7.97 -7.53

B -683.68 -3.94 21.00 -9.12

Model significance 0.0348 0.0023 0.0050 0.0405 0.0461

Lack of fit 0.1048 0.2134 0.8365 0.8986 0.9829

R-Squared (R?) 0.9859 0.9991 0.9980 0.7226 0.9813

Adj R- Squared 0.9508 0.9968 0.9930 0.6116 0.9345

Tun1snageumuunuigau (lack of fit) nuIanAIATS
pavauss (Y,-Ys) ldusnansiuegefideddgn1eadd (p>0.05)
Faansliiuinaunisanaeefimnumnzauiiadldlun1sviune
A1AULde Arrudangu ad L* a*uaz b* veadinliynwa
nald dA1LMIAY 0.1048 0.2134 0.8365 0.8986 Lay 0.9829
PINEIRY 9/ ANOVA 1 winausidnsuldlunisinaang
WANNZENVDILUUINEBY MNANITNAdaUALLINEEN (lack of
fit) Sifoddameadn (p<0.05) wanvimuudaesiuliivangay
vl o9 nAuRaInAG ourein s enlddnusllmungay
(Kutner et al., 2004; Derringer & Suich, 1980) NaN1A533d0U

v &y ' M va o < v =
AUNTNVDHALUDIAUNUIN ﬂi’lﬁ/\lﬂiﬂuaﬂiﬂmeUuLaumwﬂLLEWN

Normal Plot of Residuals
Hardness

Tiutsnnuluunfivesdoyafidiiiunisaaes nsnsiaaey
nInszaesuUkanLasUnidudunisnsrsdeunsminisnszane
drunndrvesteyaraunds (Figure 1 (a) Ingwuitgauu
nsmiseaiiududnuasidunswez dnsnszatediuiion
1nd 9 Agud (Figure 1 (b)) uandliiudisnnuduunfvesdoya
Aldann1sneaes datunsmAtduANARBAITIgNYITUNE YR Y
Arrundsvendalyyndnisnszarediog1vadiauo i
MewIniazamtay waavinteyadanududassineadiu
v a a ! a a 1 ]
ANANINITUANULAIUNR AIANNLUTUTIULLENETAIN ANEIU
v A @ a " A o ' v ° va
anfsfinnandudasesieiu ietilugnslduuudtaesdiaig

gnees (Mahe et al., 2015)

Residuals vs, Predicted

Hardness
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Figure 1 Normal probability of the externally studentized residuals (a) and distribution of the externally studentized residuals at each level of the factor (b)

of the hardness value from the development of fruit-based tapioca pearl product.
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Figure 2 Contour plot of (a) hardness; (b) springiness; (c) L* value; (d) b* value; and (e) optimum overlapping of fruit boba

from fruit product (A: pineapple, B: banana, C: guava).
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Table 6 Nutritional value of fruit-based tapioca pear compare with tapioca pear (100 g)

Nutrition fruit-based tapioca pearl tapioca pearl*
Protein (%) 3.27+1.28 0.19
Fat (%) 1.11+0.08 0.02
Crude fiber (%) 3.60+0.21 0.90
Carbohydrate (%) 30.99+1.83 88.69
Total energy (Kcal/100¢) 149.76+1.11 358

* Source: USDA (2019).

HAN153LATIEYAMAIMIalaYuIN1sYeslYynNauna
wud flusiudesay 3.27 lududerar 1.11 mslulansnsaeay
30.99 i¥eray 0.15 Usinuemstuiosay 64.48 Usuninle
Yoz 3.60 LarndsIuRavuaviniy 147.03 Alaunae’
auaddy ethuifsudy USDA (2019) wuinnmanlaguinsg
vaudialdn 100 nFu Yszneuday aslulainsn 88.70 n3u
TUsfiu 0.19 n3u ludiu 0.02 n¥u wdule 0.90 nFu wasnFIY
anun 358 Alaunaod (Table 6) AunIMMIsAILAUNITvoq
wanfasidialynuaunalinut Uinanduvidimun toendn
10° CFU/g UsunauBasiazsn downin 10 CFU/g wazmsialiny
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d5UNan13IvY
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nAnfneiiiuTuegefideddymsada (p<0.05) n1sldudlastu
dugndstuudaiiensdond sedu 80:15 Inganidn)
\Dudnsrdruiimunzanigaluduvesainuuduaz Ay
Saneu uenanidmuinaafiAnanuiiarhenesoniamaud
findoadstuudaiudUgnds uifanuasdaaagandude

v ey <

anldlundndugindenisanuudauazaunsdigs n1sld
aun1snadeiuiiianevauesilimauimafinunumes
Futzsauazndaetn dawavhliaranuudsuasaudaneu
voudaltyndenfiunniy udkfufieseraferdsnaliani
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This research aimed to develop a fruit-based tapioca pearl product by varying the
amount of arrowroot starch instead of using tapioca starch in the quantity range of 0-20 %. The
factors studied included pineapple (0-100 %), banana (0-100 %), and guava (0-100 %),
accounting for 10 % of the formula added to the tapioca pearls mixture, and the finished product
quality was studied. The results showed that the variation of tapioca starch and arrowroot starch
had a statistically significant (p<0.05) effect on the hardness and springiness characteristics of
the tapioca pearls product. The use of arrowroot starch (15 %) instead of tapioca starch in the
formula resulted in the highest hardness, springiness, L* value, a* value, and b* value, being
22.22 g, 64.85 %, 23.0, 2.08, and 7.63, respectively. The response surface methodology showed
that the coefficient of determination (R?) of the hardness, springiness, L* value, a* value, and b*
value were 0.9859, 0.9991, 0.9980, 0.7226, and 0.9749, respectively. The most suitable formula
for developing fruit-based tapioca pearls was 19.50 % pineapple, 29.57 % banana, and 50.93 %
guava. The nutritional value of 100 grams of the fruit-based tapioca pearl product showed a total
energy of 149.76 kcal, 3.27 % protein, 1.11 % fat, 3.60 % fiber, and 30.99 % carbohydrates. The
microbial qualities found that the total plate count and the yeast and mold were less than 103
CFU/g, and 10 CFU/g, respectively. However, the E. coli was not detected in the product.
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