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Wheat Flour Substitution by the Application of Dioscorea alata L. Flour
Consisting High Resistant Starch in Butter Cookies
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ABSTRACT

Dioscorea alata L. is a tuber crop belonging to the yam genus. It is a starchy tuber
with great potential for use in food production. However, loss occurred from tubers that do not
meet consumer standards due to size or appearance. To add more value to these tubers, they
were processed into flour and used as an ingredient in food products. This study aimed to
investigate the nutritional composition of D. alata flour, its shelf life in three types of packaging,
plastic bags (PE), vacuum-sealed plastic bags (LLDPE), and aluminum foil bags (AF) during storage
periods of 0, 2, 4, and 6 months, including the potential as the wheat flour substitute in butter
cookies at substitution levels of 0, 25, 50, 75, and 100% of flour weight. The result of nutritional
analysis revealed that D. alata flour was gluten-free flour, with carbohydrate, protein, fiber,
amylose, and resistant starch contents of 83.48, 6.70, 10.72%, 19.20, and 54.25%, respectively.
Among the packaging types, AF was the most effective in maintaining flour quality, resulting in
lower moisture content, water activity, and aflatoxin B1 levels compared to those of PE and
LLDPE. Using D. alata flour as a 50% substitution of wheat flour in butter cookies showed the
highest overall acceptability of 6.8, which had no significant difference to that of the wheat flour
cookies. Butter cookies made from wheat flour contained 0.24% resistant starch (RS), whereas
butter cookies made from a mixture of 50% D. alata flour contained 11.65% RS, which was
48.54 times higher than that of wheat flour cookies. This research highlights more utilization of

D. alata tubers that do not meet consumer standards.
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afilaa |33 Amperometric method Jssnuuas
91N Takeda et al. (1987) wag Gibson et al.
(1997) wazUsuautsauniunisees (resistant
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Wosngn ey ailaundasizrianuwsusiu
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(McCleary and Monaghan, 2002) ‘lﬁé’fﬂqmmaau
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deseufisufuntanilaednedeainsioe
289 USDA (2019) wu31 wlediuaniugnsal
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nAnSusuINeIAfean il edudayuruasll

AeanIsAnidednazaudangu (Wieser

et al,, 2020)
wdananiduarnens 190 USuauds

Funiuniseougs (58.25%) vinliunaitng
nIzlaldonad Nt o dewalitan glycemic index
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filigngesuazgadulunszimzemisuazanld
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uShaanldlug (Englyst et al, 1992)
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A1a9v818 500 11 (Figure 1A) LagAasve1e
3,000 11 (Figure 1B) WUl anwadzaoadauds
fuanugnindwlng d3usradudansanay
WAl uUUnaLUUAd e uAe S INaY
yiieunssenafisuindliuiiueu (Guo et al, 2023)
2. ¥AUTIYAUIHAZITETIAINITAUINEN
udarlanadiuanugndiivlugs PE g
LLDPE fanudufiudunaenorgnisfiusnu
uazgsniudsiiuinulugs AF utleiiAvinwm
Tuga AF anwduiiuultuannaadefuudy
MNLFUAY 5.41% anaudu 5.10% lufoud 6
(Table 3) uansliiiuinydnveaussyiariuay
sepzanfusnwinansenusennuiuves
wlarlanaduanuendin nmsiusnwilugs AF
ansnso¥nweudlieglussdusan esan
PE waw LLDPE finsdusiuvesennduls damgs
AF utanfifnnsfusiuresanudunn s
Josfuautuanmeenldedisdiuszansam
darftusnwlugs AF aradumelugsdsasiivie
ovanandnifes 1 vsanlufanud ulnud
aunsaguinggela (Lamberti and Escher, 2007)

M3aEFAITINSnERs 99 43 atuil 1 Nn9eN - IBIEU 2568



AU u U8 asyvesudanlanasy
mgndMiiuinwluge PE waz LLDPE Jan
diFunaonegniafiuinm uazganiudeiif
$nwiluge AF ulafiifusnwiluge AF fid a,
anasan 0.25 etiududu 0.20 Tuideud 6
(Table 3) wansliiiuings AF awnsasnwian a,,
I¢ffign Jedamaririonngnsivnvuasdesiy

Table 1 Nutritional value of D. alata flour

nsias yvend osluutsantuaiuznd g
dlesnidesannsaasyiivinldaluanizdid
A1 a, 0.92-0.98 (Auduinnssumalulagnganis
e, 2566) Wuieatusisaulunilsanads
WUI1An &, MATUT9 049061 FeatumsAulnves

LW9I169 9 WU A flavus Wag A. parasiticus

NARANTNYOEWAIMBNTU (Marynin et al,, 2021)

Nutritional value D. alata flour Unit
Gluten allergen ND me/kg
Total energy 366.7 kcal/100g
Energy from fat 5.94 kcal/100g
Total fat 0.66 g/100¢
Total saturated fatty acid 0.29 g/100¢
Cholesterol 0 mg/100¢
Protein (N x 5.70) 6.70 g/100¢
Total carbohydrate (Include fiber) 83.48 ¢/100¢g
Total dietary fiber 10.72 g/100¢
Moisture 6.21 g/100¢g
Ash 2.95 ¢/100g
Total sugar 12.4 g/100¢
Sodium 122 me/100g
Calcium 25.8 mg/100¢
Iron 1.07 mg/100g
Total vitamin A 0 ug/100g
Vitamin B1 0 mg/100¢g
Vitamin B2 0.4 mg/100¢g

ND = Not detected

Table 2 Resistant starch content, amylose content, color values (L*, a*, b*) and

whiteness index of D. alata flour

Properties

D. alata flour

Resistant starch
Amylose

Lightness (L*)
Redness (a*)
Yellowness (b*)
Whiteness index (WI)

54.25%
19.20%
63.16
1.48
3.70
62.4
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Figure 1 Scanning electron microscopy (SEM) image of D. alata flour at 500X (A) and 3000X (B)

MsiiudneuIuT Ui USINaEn Y AFBI
Lﬁumﬂ%uaﬂwqﬁﬁ’aﬁ’ﬁigmqaﬁa lesainnis
Lﬁu%’ﬂmﬁmwﬁu%ﬁmmﬁuazauiuuﬂqqﬁue?fq
daasunsiulnveades (Richard, 2007) 1ile
Wisuieurinvesussadua wuin n1siiy

$nwiunu 6 Liou ulleiiAuluge AF fUFunw
AFB1 ﬁaaﬁqm fo 5.01 ppb Faldunnsnsain
wilafiivluga PE (Table 3) agnslsfinm U3
fausivs 3 vilafusuna AFBI ldiAunnsgu
(U92n1ANIENINaIs1I0de atiufl 414, 2563)

Table 3 Influence of packaging and storage time on moisture content, water activity (a,,) and

aflatoxin (AFB1) content of D. alata flour during storage for six months at room temperature

Quality of Storage time Packaging ¥
D. alata flour (month) PE LLDPE AF
Moisture content (%) 0 541 a A 541 a A 541 c A
2 592 b A 588 b A 495 a A
a4 682 c B 709 ¢ C 5.19 A
6 817 d B 805 d B 5.10 A
CV (@) = 1.3%; CV (b) = 1.5%
Ay 0 025 a A 025 a A 025 b A
2 026 b B 026 a B 0.19 a A
a4 036 ¢ B 038 b B 025 b A
6 042 d B 041 c B 020 a A
CV(a) = 4.1%; CV (b) = 5.3%
AFB1 content (ppb) 0 1.28 b A 1.28 b A 1.28 b A
2 040 a A 023 a A 0.14 a A
4 255 ¢ B 1.76 b AB 133 b A
6 581 d A 696 c B 501 c A

CV (a) = 24.3%; CV (b) = 22.9%

YIn a column, means followed by a common letter (a, b, ¢) are not significantly different at the 5% level by DMRT and in a row,

means followed by a capital letter (A, B, C) are not significantly different at the 5% level by DMRT
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AN L* va9duntananisiuaniuswsna bud
ANMULANA NN AT RNRATEIZNITIAUSNE W6
A1 a* LiuTuegNLTyERYNNadALloIzZLIa)

[
=

ATLAUSNYIUIUT U (Table 4) donAa 939U

Snunzvondafiidaadudoifusnumuiuty
dlowseuiiisuriinvesussgdasiiienygnisiv
$nw 6 weou wuan msiiuFnwnlaluga AF
A1AuA-LT87 iandfiuTnunlugs PE uay
LLDPE gunistfiusnwiluga AF fidn b* unnsig
\isadntesfuiiAusnunlugs PE way LLDPE
daurnvanuenlidanuunnsneiuniedia by
ynuTTsiuiultuasaadefusnunmi
defiarsaunanussg s wuin ety

MSLAUSNY 6 LFiau g3 AF @unsasnuinmeauds

v

voauthmlaniuanuznildifian lnedanuty
a,, WarU3ana AFB1 siign ﬁqﬁﬁmmnqq AF
fanantidestulotrfukiu Jostuauiy
uas wagnau darumidemun lidnuindie
uifis1Age daugs PE unanadniiseulsile
indunuldtion frvanunsadurnld uazg
LDPE (ugawanadinitiostunmsshumeslex i
wi U e unsB aeiuveeend wu as veulaeentsn
LazasUsEnaunsd ukassavIAnag 9 lald
(Lamberti and Escher, 2007; Goswami and
Mangaraj, 2011; Raleng et al., 2014) Fatiu
99 AF Jaduussafasiivnzanlunaiusnu
utlafuanuewiunniigailewiouiiugs PE uaz
LLDPE

Table 4 Influence of packaging and storage time on lightness (L*), redness (a*), yellowness (b*)

and whiteness index (WI) of D. alata flour during storage for six months at room temperature

Quality of Storage time Packaging?
D. alata flour (month) PE LLDPE AF
L* 0 6340 a A 6302 a B 6307 a B
2 6254 a AB 6274 a A 6250 a B
4 6244 a B 6227 a A 62.18 a A
6 6260 a A 6251 a A 6248 a A
CV (@) = 0.4%; CV (b) = 0.4%
a* 0 1.53 a B 1.47 a A 144 a A
2 1.70 Db C 1.63 b B 1.55 b A
a4 1.90 c C 182 ¢ B 1.69 ¢ A
6 214 d C 205 d B 1.80 d A
CV (@) = 1.8%; CV (b) = 0.8%
b* 0 3.72 a B 366 a A 371 a B
2 384 b A 390 b C 387 b B
4 4.12 B 405 c AB 403 c A
6 375 ab A 373 a AB 364 d B
CV (@) =1.9%; CV (b) = 1.3%
Wi 0 62.18% 62.81 62.86
2 62.30 62.50 62.27
4 62.17 62.01 61.93
6 62.37 62.27 62.27

CV. (@) = 0.4%; C.V. (b) = 0.4%

7In a column, means followed by a common letter (a, b, ¢) are not significantly different at the 5% level by DMRT and in a row,
means followed by a capital letter (A, B, C) are not significantly different at the 5% level by DMRT
% In each column and row, means are not significantly different
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Table 5 Consumer acceptance scores of butter cookies as affected by wheat flour substitution

with different amount of D. alata flour

Amount of D. alata flour

Acceptance scores of butter cookies

(%) Color Flavor Taste Texture Overall acceptability
0 6.8 b 6.6 ab 6.8 a 6.5a 6.7 ab
25 73a 6.8 a 6.5 ab 6.8 a 6.6 ab
50 71a 6.7 a 6.8 a 6.7 a 6.8 a
75 72 a 6.5 ab 62b 6.0 b 63b
100 73 a 63b 55c¢ 59b 57c
CV (%) 8.3 11.3 12.0 9.8 11.0

In a column, means followed by a common letter are not significantly different at the 5% level by DMRT

896 (taste) D eduia (texture) Lag
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5) 4958917 Lﬁumﬁuﬁ’mmlm%’mauuguﬁ
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sl WS oy wazgunil (Mouritsen, 2015) Wi
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Figure 2 Butter cookies mixed with different

amount of D. alata flour
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Table 6 Resistant starch (RS) content in cookies
made from wheat flour and cookies made

from wheat mixed with D. alata flour

Treatment RS content(%)

Cookies made from wheat flour 0.24
Cookies made from wheat mixed with

D. alata flour 11.65
(wheat flour : D. alata flour = 50 : 50)

t-test 58.23**
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