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Abstract

This study established optimal cookie conditions by varying the amount of modified starch treated with octenyl
succinic anhydride (OSA). It also investigated the quality and digestion characteristics of the cookies produced.
The moisture content increased as the amount of OSA-modified starch added to the cookies increased. As for
cookie color brightness, the redness and yellowness decreased as the OSA-modified starch content increased. The
spread factor and hardness of the cookies showed the most similar results for control and OSA: 20%. As the
amount of OSA-modified starch added to cookies increased, RS tended to increase. It was found that OSA-mod-
ified starch cannot easily replace wheat flour completely and that the optimal amount of OSA-modified starch
added to cookies is 20%. OSA-modified starch can be used not only as a cookie but also as a low-calorie food

ingredient.
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HAA3F] L3ty e AER 234 AR, slowly digestible
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starch, RS)Z % 3cH(Englyst et al., 1992). 53] A3
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2 AFE T 2)THChung, 2019).

F4 2Hd 34k octenyl-succinic anhydride, OSA)
succinic anhydrided]] BFsl291 SH|E 7|7t AgE P
o]th(Jung & Youn, 2012). OSAZS H o] oA = At

AlA Azsh, JHA 2 35 SR Qs AFelA
A= ARE-EO] YTh(No & Shin, 2017). OSA ®dx

S o] &3k AF= o HZH (Pongsamart et al., 2016)°]1}+
ZE(Zhou et al, 2009) 5 F3HAe] AT A Fo) H&
she A77F A= B9rt Bkow, AHES HUt
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A2 AFo o] &3 AFE AFEXA Ao Z(Kim et al,
2001), =*4*(Mun & Shin, 2000) & oj&] 2]Fo| &3
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2 A3 AHEE W= 9EIE(C Cheiljedang,
Incheon, Korea)?} & Z4-(Roquette, France)2 A}-&-3}th
OSA (2-Octen-1-ylsuccinic anhydride, 416487, Sigma, USA)
£ AHEste] W HAES Alxsdnh 7] Al5Ee ¥EH
(Seoulmilk, South Korea), 2~=(Hanju Co., Ulsan, South
Korea), A ®(CJ Cheiljedang, Incheon, South Korea), ]
7 3+-9-E(BP, Jonwonfoods, Gimpo, South Korea)E A}-&-
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OSA & M&Zo| M=

OSA At ¥ HE-2 Han & BeMiller (2007) WS
13 3} /‘]-4‘13]—,\ U(Jeong et al., 2023). FE3Fo] 10%

olate] M M 25¢gol THT 71.4g 7tste] 35% &
slurry = xﬂ&f& ¥ 1M NaOHE AH&-3ted pH 8.0-9.0
(Thermo Orion Star A215, Tewksbury, MA, USA)2.E =
A3tk OSA (2-Octen-1-ylsuccinic anhydride, 416487,
Sigma, USA)E 8%/} F=F AE slurrydl] 7SIl 24]
7+ F¢t wwk 3 pH 8.5-9.07F FAHEE 3kt wks-
FH3E | M HCIE 2831 pH 6522 F3kskit Az
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H OSA AEL Y4 7](VS-550, Vision Scientific Co.,
Ltd., Korea)& AF&-3l4] 1500x g2 SF5 33|, ethanol=
13] A& 3t ol eE 0SASS A AR A4 g OSA
g B HAEES 9F7Z7](C-DF3, Changshin Science,
Seoul, South Korea)E AM&-3lo] 45°ColA Azxstar #3
gk % 150 mesh Aol T2HA|A Aol ARE-3FATE

F719| M=

F7]1= AACC WH(AACC Approved Method 10-53-01,
2000)5 WAkl Azt AHSE A FE S wiER=
Table 12+ Z¥t}. OSA A E|gk A2 D7HE] el 5, 10,
20, 30, 40%= thA|ste] HrletAnt F71¢] Az WHE
HIEIE mixing bowloll WL WE 7} 53 wj7bA] HojE
H, Aes 2y 3y vt 2 grtx £ B8
B FYEHA G AR EFsITE WO, AR, A,
oA ot & Wi BEsIth ¥ T Tmm=E A
z3tal, A4 6eme] 9¥ EE F7)E ¥tk )
£ 9 4¥3 2 E(DEO-FS1900F, Daewoo, Korea) 215°Cel
A 167 A skl A2olA AT WA F Ao

9 34 71(MB120, OHAUS,
Parsippany, NJ, USA)E ©]-&3to] 105°CollA 3¢t 7hazd
o R AU 719 pHE 7179 AR 5S¢t 5
F 45mLE ¥ o Z7](Homogenizer, Model: T18D,
IKA, Konigswinter, Germany)S ©|-&3}o] #23} 3 %
pH meter (Thermo Orion Star A215, Tewksbury, MA,
USA)E A&kt

1

ME =5

W53l F7]9] M= Hunter 4591 L*, a*, b* 7S ¥
F AR oz RSt & AT A(Model CM-5, Minolta
Co., Tokyo, Japan)E AH&-ste] S48kt H=E HEhd
= L* Zt(lightness), H¥ =& YEM= a* Fh(redness), &
A S YePY = b* Fh(yellowness)O 2 A }AL, M =X}

Table 1. Formula of cookies with different content of OSA-modified starch

Samol Ingredients (g)
ample
P Wheat flour OSA starch Butter Sugar Salt BP" Water

Control 48.0 0.0 19.2 20.1 12 1.0 10.5
OSA-5% 45.6 2.4 19.2 20.1 1.2 1.0 10.5
OSA-10% 43.2 4.8 19.2 20.1 1.2 1.0 10.5
OSA-20% 384 9.6 19.2 20.1 1.2 1.0 10.5
OSA-30% 33.6 14.4 19.2 20.1 1.2 1.0 10.5
OSA-40% 28.8 19.2 19.2 20.1 1.2 1.0 10.5

YBP; backing powder
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Table 2. Texture analyzer operating condition for cookies with
different content of OSA-modified starch

Item Condition
Test type TPA test
Pre-test speed 1.0 mm/sec
Test speed 1.0 mm/sec
Post-test speed 1 mm dia, cylinder
Probe 1.0 mm/sec
Deformation 70%
Trigger force 0.049N

AE = JJL** + a** + b** 2 A5t}

F712] HEY K=

719 HFAA-E& AACC (AACC Approved Method 10-
50D, 2000y whet F71o] FA ol gk 252 HE e
A ARG AFE ek
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F719] 74 %=(hardness)= Texture Analyzer™ (TA-XT2,
StableMicro System, Godalming, Surrey, England)E A}
ste] S48kt Table 29 54 Z7] Wt AF 5mm
o] 453 probe (cylinder probe P/5, 5mm dia, circle)S
AHE-ste] F719] B ZRE AA FA] 70% HIY SR
23] yhE QhErete] S kit

H=2el asles 54
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Mg Shin et al. (2007)9] WHOo=Z =A3I3At).
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1M, pH 52) 075 mL8} T2 075 mLe #7}5k]
37°Col A 2023} 24057} shaking incubatorol| A & AHHg-

=]
% Wkg-o8S 110°C heating blockol] Eo] 10%7F ¥H&-A %]
Al A wFgN g 8|45t GOD-POD kit (Embiel Co.,
Gunpo, Korea)& ©]&3t] Hald =TS 43t
RDSE 20 &<t #al®l A& T, SDSE 20%FF
240% Atolo] FallE A FHe, RSE 240% o] #3 €
AR ko 7 AxersiTh

Al X2

BE Ao A¥e 33 g SAYCE meantSD.E
UERA S ™, SPSS (23.0 for windows, SPSS Inc., Chicago,
IL, USA) Z2 23S o]83lo] 2HEA(ANOVAYS AA|
SR 23 E 7 HAFeS p<0.05 $F2=Z Duncan’s

multiple range testg A8t F-95-ES A8

2313 &
F719| ==tz 2 pH
F7) vk=9] pHe} FE-5HES Table 39 YER AT HE

9] pHE tZ(control)o] 6.872 7Fg ©& Zro] vk
o, AFF(0SAYE 6.91-7.042 F2] &<l o]z} QIAth
(»>0.05). OSA i FH7t= W59] pHell IS v AA
%= Ao 2 YEth 0SA AR M7t F719] FEHS
O0SA-53%°1A 632%=% 71 F& FE3hgo] Yelion,
OSA-40%°1 - 7.47%=% 7V A UEsth OSA A&
A7Vgrgo] SV E SRl St &l
A7 YEFATH(p<0.05). RS4 FEj o] S5 A 3pdto] &
7+ F7)(Bae et al., 2013)2} FAa3A HES
$EA| ] =(Choi & Chung, 2022)°14] & E-2]
o] F7FslH FEFFo] Tttt Haet Yt
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Table 3. Doughs pH, cookies moisture content, width, thickness, spread factor and texture with different content of OSA-modified

starch
Dough Cookie
Sample"
pH Moisture content (%) Width (mm) Thickness (mm) Spread factor Hardness (N)

Control 6.87+0.02" 6.19+0.05" 27.4+0.21 6.57+0.12° 4.18+0.06° 27.6+1.53¢
OSA-5% 6.91+0.03* 6.32+0.07® 27.6+0.06" 5.97+0.06* 4.63+0.04° 30.9+0.89¢
OSA-10% 7.02+0.04* 6.54+0.07% 27.240.21% 6.10+0.10* 4.45+0.09¢ 37.3+1.21°
OSA-20% 6.99+0.10* 6.77+0.06° 27.0£0.15° 6.97+0.06° 3.88+0.05° 22.8+1.30°
OSA-30% 7.04+0.12% 7.09+0.34° 23.8+0.20* 7.20+0.10° 3.31+0.04* 19.4+0.94*
OSA-40% 7.02+0.15° 7.47+0.69" 23.7+0.32% 6.27+£0.06" 3.79+£0.09° 18.4+1.28*

UThe values with different superscripts within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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OSA & &It #7019 HEy

OSA AEE 5%, 10%, 20%, 30%, 40% T=o & L7}t
F5 tiAlst] H7ke 719 HAA A= Table 39
BRI )= HAo] AAY Aol W FI7F 2
AFoZ Q2 o] FIL AdtH(Doescher et al., 1987). OSA
HAE H7 F719] AHL 0SA-5%01A 27.6 mmE 71
WAl UL, OSA o] Ariske] sod5 7h7} 272,
27.0, 23.8, 2372 folA o= 7hAasteE Ao = Uit
(<0.05). F712] E=ol= 0SA-5%lA 595 mm=z 7Pg o
I, OSA-30%A 720 mm=E 7HE =A VEROH,
OSA-40%°1A4 627 mm=E THA| fraste A34E B
ol 719 Rk T EF Wl o Ao|7t YI¥E F
= A22 AL HUH(Lee, 2015).

HAAR AFe 27177 A5 Eol7t FE55E =4 UE
U= 0SA-3%7)F 46322 7F¢ =431 OSA-10%, OSA-
20%, OSA-30% Tl 2 Hap ol AHFS HAT
(p<0.01). HiEe] H7to| S7HEFE Hole S5 =
ol& FobA HAAG Ae WA= Ao E Yt o)=
Avarzed et al. (2020)7F H33F A 78-S H71e
7= e ¢ A 3t dojuh E AT FAH
o] =77} F7He7] olH ks AFR 18} FA3 Aot}
F719] HAZARL FETHFH B4 o] JthE Doescher &
Hoseney (1985)¢] A7 3ete: UX|eh= 43¢ A
(r=-0.638, p<0.01).
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S7VEFE Lx ol Svieke o A7 YEelst
(p<0.05). Lee & Kang (2007)&] H.e} o] dAisiA A
B A FES 23 sugar A E HEQ] o)
SV E HEe S 3N Ee Aadhe vss A
S eI a* 3 OSA-5%7F 761 7H8 =9koH
OSA-40%= 1.622 WA Yelgtt, WAddiEe] =g
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Table 4. Hunter’s color values of doughs and cookies with different content of OSA-modified starch

Hunter’s color value

Sample"
L* a* b* AE

Control 63.2+1.14° —0.48+0.02" 11.7£0.65" 64.3+1.00°

OSA-5% 61.5+0.32° —0.34+0.03¢ 12.7+0.15° 62.8+0.32*

Dough OSA-10% 61.6+0.14* —0.13+0.44¢ 12.4+0.11° 62.8+0.16"
& 0OSA-20% 62.9+0.40° —0.43+0.01° 11.840.15° 64.0+0.37°
OSA-30% 64.4+0.59° —0.46+0.01% 11.5+0.08° 65.4+0.59¢

0OSA-40% 68.1£0.46° -0.51+0.04* 10.5+£0.28* 69.0+0.42¢
Control 68.9+0.67" 5.61:0.05" 26.4+0.55° 74.00.78"

OSA-5% 66.4+1.32° 7.61£0.25¢ 28.540.59° 72.7£1.25°

Cookic 0SA-10% 69.0+1.55" 723£0.10° 27.120.82 74551210
OSA-20% 70.4+0.72° 5.81+0.80° 22.8+1.52° 74.3£0.51%

OSA-30% 77.240.43° 2.50+1.35° 19.7+1.12° 79.7£0.47¢

OSA-40% 77.8+0.66° 1.62+0.33* 18.6+0.23* 80.0+0.67°

DThe values with different superscripts within a column are significantly different (»<0.05) by Duncan’s multiple range test.
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Control OSA-5%

OSA-10%

OSA-20% OSA-30%  OSA-40%

Fig. 1. Appearance of the cookies with different content of OSA-modified starch. Control; 100% wheat flour, OSA-5%; flour
replacement by 5% OSA-modified starch, OSA-10%; flour replacement by 10% OSA-modified starch, OSA-20%; flour replacement
by 20% OSA-modified starch, OSA-30%; flour replacement by 30% OSA-modified starch, OSA-40%; flour replacement by 40%

OSA-modified starch.

Z o2 HITHHan, 2009). &3 F7)9 a* 3 &
o] AAAS JERYATHr =-0.750, p<0.01). b* -2 OSA
;ﬂ%o %‘]7]_& 5_7]_-87—/\i o 9];(4 o7 7L/\v3]_o}\§\1;],(p<0'01)_
A7 H7F & FIA AR} Aie] Hrtee] St
= = Ao 2 B¥37E v AthJin et al.,
2014). OSA A& H71sk F719] 94 0SA-20% A&

o
e}
ok 4
=
al
r
N
l~>
Olt

7] 2wt FElg 2folE HolA] e Ao
YohFig. 1)
OSA M2 &It F719| Mg 4sk=

OSA H H7F F719] &318-2 Table 59 LeR AT
T 2S RDS 80.7%, SDS 3.52%, RS 15.7%% 7H3 =
2 RDS &%, 7 @& RS 32 YeRSlth RDSE
OSA-5%2} OSA-10%%= 214 ztole AT AAH o=
Nz w8 w OSA AE9] H7leke] F7kgel wt
g ol o s tadte 4TS Bon, w2 RS T
2 S7Fhe A2 YERTH(p<0.05). He et al. (2008)<]
o] wEw OSA APE 3 FELS 254 0SA7|E
sl =& BSYA drko] Aslaid o3 FH3F] &
3= 7] wZoll RDSE] §HaFol 7rastdvh. & AFolA
OSA-40%%] RS e 257%= thxTo] vls] 10% =

Table 5. Starch digestibility of cookie added OSA-modified starch

Sample" RDS (%) SDS (%) RS (%)

Control 80.7+0.97° 3.5241.50° 15.7+0.74°
0SA-5% 77.241.12¢ 4.41£1.09® 18.4+0.46"
0SA-10% 76.1+1.54¢ 3.52+1.89" 20.4+0.37¢
0SA-20% 73.7+0.89¢ 4.38+0.89" 21.9+0.21¢
OSA-30% 71.2+1.54° 5.04+1.85% 23.840.41°
0SA-40% 67.9+0.55* 6.45+0.44° 25.7+0.97

DThe values with different superscripts within a column are significantly
different (p<0.05) by Duncan’s multiple range test.

7hel 202 yEhdon, o] OSA Z 7kl wet RSO
grgol frel# o= F71sksith. Han (2009)0] whEwd A9}
Aol ghgol 3d MY AR A7 RS Fgol

Z7kske $9% A48 tehin,

0
12

2 d7e AHES S/ 0SA A2 ¥ AES
5

5%, 10%, 20%, 30%, 40%2] =202 UVIZE thA| 5]
Az F7]9 FH 5L 2ASIITE OSA Mg E <)

A7t W=e] pHel= 9 fz}% FA %otk A== OSA
3_1_-“?_'—94 z47].alzo] ﬁ7].8e 2 * %/b,} b* 7L€_ @_)}:5}1
a* g 7k AES %M F719] AJARH Hee
OSA A& H7bgo] 7S YolAe 43S Bilon,
OSA-20%7} txw3 71 Akl vetstth 7] W
Aol &asbE&2 RS o] M7t wet sAd=
18.4%, 20.4%, 21.9%, 23.8%, 25.7%% Eolx& A7}
Ustth OSA HES U7FEE s diAsh = 01?4
= AR YEon, 719 A 0SA i H7ME
0%7]_ 7(47@@‘-_} 3—10; _JJH:}E]];], H /\1-54 0 EBH OSA uq
AR AR AF LA EA &0 s Aot
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