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Abstract

Starch is mainly composed of amylose and amylopectin. Starch is
tremendously used in many food applications, such as a thickener agent,
colloidal agent, colloidal stabilizer, bulking agent, and water retention
agent. However, the native starch paste has some shortcomings in food
applications such as unstable acid and shear forces, low solubility at cold
temperature and high viscosity in food system. Starch is usually modified
in order to increase the applicability in food industry. Modification of
starch is mainly based on chemical methods, but if improper operation,
would cause chemical residues problem. The objectives of the study were
to develop the modification method for corn starch and tapioca starch using
non-thermal atmospheric plasma jet and to evaluate the influences of
plasma on corn starch and tapioca starch in pH, thermal properties, surface
specific functional groups, transparency, viscosity, and scanning electron
microscopy. The process parameters of plasma treatment included
electrode spacing for 2 cm, using air as working gas, air flow 15 L/min,
frequency 20 kHz, plasma exposure time for 0, 1, 5 and 10 min, voltage at
140,160 and 180V, current at 1.8, 2.1 and 2.4 A, power at 252, 336 and
432 W, respectively.  The results showed that after plasma treatment, pH
value of the modified corn starch and tapioca starch significantly decreased,
gelatinization temperature (onset temperature, peak temperature,
conclusion temperature) were significantly increased and gelatinization
enthalpy was significantly decreased. The oxidation reaction occurred on
the surface of the corn starch and tapioca starch granule, transparency of
the modified corn starch significantly decreased, transparency of the
modified tapioca starch significantly increased or decreased, viscosity of
the modified corn starch and tapioca starch decreased, etching phenomena
occurred on the surface of the corn starch and tapioca starch granules. The
results indicated that the physical and chemical properties of corn starch
and tapioca starch could be modified after plasma treatment and reduce the
shortcomings of the natural starch for application in food processing.

[ Key words] Non-thermal atmospheric plasma jet, Corn starch, Tapioca

starch, Starch modification
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Structure of amylose
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Fig. 2.1 Molecular structure of amylose and amylopectin.

(F# xR - Food-Info.net., 2014)
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Fig. 2.3 A-type starch (left) and B-type (right) starch crystalline structure.
(F 4 &R - Imberty et al., 1987 ; Imberty et al., 1988b)
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v 53 SR (y -Irradiation treated starch)
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2 Bk # (cross linked starch)
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7 H # 4# (cyclodextrins)

AR HELT FHENT va-l, 44880 ik 450 A -
BEF AR RE B RP RS B EF (30201 2 B
oA et 0 FI R L Y MR § ¢ R K PR
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Table. 2.1 Properties of equilibrium plasma and non- equilibrium plasma.

T L R 2T GrT
T FLEETE BT SR Y
Y3 AR 100% 10°~10"%
R SEEY. <1+ iR
TR A (T >10, 000K ~300K( % %
T EA (T T T./T:=10~100
F R i T e LA T o i

(FAH &R % 5 2013)
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Fig.2.4 Classification of plasma.

(FA &R © 3% 5 2015)
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Table. 2.2 Type of low pressure non-thermal plasma.

4Rk FE A Jf(
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ERGOTRTEAT I T R
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@H
7
S
&
]

7 3
THALRIE | SERTEAPHE R L x WRF W S EE T

BREFE R SRS LIRT T 57 &

#oo g Wb FEE A - SR

4
-FJ‘ é:h
?ﬁ\\

o

WHiEfeA 4 { Sl Rkt > R G WET

1R

BAFHREAG R S LMo

(L m 1 3% > 2010)
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Table. 2.3 Type of atmospheric non-thermal plasma.

FRART R
P4 FORERIFEEFEETREERT OF BT RS
RG] HeTE R A B 2R o
RAEHD | AT Ao TR LR A
T & Bl
=
REAZ |0A TARE e > |t KR (AT R R
J 32 - K- B -Gk | - HRETRER
AR LF S ERT MY | EodEd F o f W
» N REOF - THEAERTTRERE A RT
SRR AR S R SR TR L B S il
R R R R R R
ROTHRTLIR | wRfrt BF G
g e Moo
1THRET | %3 AL B | AG R 2 F  RELAFRW
Jed2 ~ AR o HALB A Je R~ KL%
(FAL 3m 3% > 2010)
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2.3.2 % 5#;‘21# ArEs

~JF N

- HRERAER G LREEF  F RVEH s R
Rl it s > TRAERBERANTF -7 4 5 2 o7 & (direct
current, DC) ~ = /it & /& (alternating current, AC) ~ &g & /& (radio

frequency, RF) » H##4g 5 % 13.56 MHz > . p v & f HR* T k>

Mk % R (microwave, MW) > &% 2.45 GHz > £ 3 4o f2d
Bl F ORI RA A B LT AN S L ) IR g B
AR e REM AR DRI FFEL SR RF naf

REE 3 3 B Ay o I ?ﬁ’éﬁ]ﬁi F PR o PR SaE §
Bty dlon g > B4 Fp| k sikxd 4 R (base pressure) &% E 3
(~107 torr)gz 2 ¥/ 4 fdic torr 1 0.1 torr 2 & >4t 3 f/R 4 £p)
FRARER o ARATTEZRRRA S VRN T R (H
2.5) B E MR i 4R S AILER G b FB RS0 B S
PERBRTRL AT EE o Y AR AL bl 45

s oty % (3R % 5 2013) -
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Cathode | — @ HF power supply
 (Tungsten rod) & -
—— Anode (Pyrex syringe)
Plasma jet
W25 §BFHATERE L7 LW -

Fig.2.5 Schematic diagram of non-thermal atmospheric plasma jet.

(F 4 k& - Wongsagonsup et al., 2014)
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2o AEE -l g7 L4 022 M EERTTES KBS
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Il

2% F g3 v F g (electron impact ionization) - £ 1% F &3
TOREE F AT Bt iR XTI SE § e S R Sy B

THRFH NPT ARG WL F R R ED D E T E0E

P s F 4 6 2 i S irena 3 F o R &G FIR G A
o xamAd C=O~C-OH 2 F it A& F]o F4p3 &

LA mfi A -k reni(mE > 2004) o

gh‘<
S

;“rJ{» WK Fom B AR EREN R
2 7 & Je(crosslinking reaction) : 2+ TR § A2 p d AfrT

Fo T R RE TR AL DREES TR RREE 2 HE (H
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2.6) XBFE BANTERBAITIELF(COH)ZF» MR L
B R E SRR T L E EArd 2t okA S hd g C
2 A 2 R7ehiE 3 4¢(C-0-C)(Thirumdas et al., 2017b) -
A SR S AR N T o X e
2. f2% & J&(depolymerizationreaction) : f2® F RiE42Y 7 5J§b'“rﬁié1”!
BEPFipg EReahdd o Fa 2B RFRE A R AK
do g Lot Rl4RT 2 AR F (R 2.7) T & 2 ] i &

# gL(Thirumdasetal., 2017b) > Bk 2 2 2R F Rz € RiRT

7%
[
[
E}

y “—é'l”“f’”?* E d é ,‘i}ﬁ‘.—*,&fﬁ‘ a1 ]F:f“ 'gé‘r ‘};R.}nr/}%ﬁ‘b"—aq

3. 4% F i (etchingreaction) @ A% 5 £ % » &4 7 ﬁﬁ’—‘"‘i’ﬁ_i 2L
P EFL AFREER e AL PF R(F 2.8) Mkt £ g A% K

enit B gg"fi‘f"?%’ﬁ-; p51 0 ) o 2 A A ] ‘ff'ﬁ,

L&L
-L‘P

)

Tl

@ F # f ek %) 3% (Thirumdas etal., 2017b) » B4 % & & 2 4 %]
FRre @ RAF L F 58050 R B0 3 4ol SR

5 PR R A
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Plasma species

HO —— H.+0H

@QQ @Q@

mhnhngo+ Hy0
® 2.6~ ?iﬁﬁifﬁi@ﬁ‘@#‘ﬁ?‘lﬁ('ﬁ%ﬁﬁ J&) o

Starch Starch
Fig.2.6 Mechanism diagram of plasma modified starch (crosslinking
reaction).

(F AL %R o Thirumdas et al., 2017b)
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Plasma species
—_—

Depolymerization

Starch Starch

B2.7-% ’J*];ﬁ;éﬁgﬁ;ﬁ:f;#&ﬂ;g](ggg\; ) o
Fig.2.7 Mechanism diagram of plasma modified starch (depolymerization
reaction).

(4L % R ¢ Thirumdas et al., 2017b)
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F2.8 ~ T A Ak 5 HIR (22 F )
Fig.2.8 Mechanism diagram of plasma modified starch (etching reaction).

(3R %R : Thirumdas et al., 2017b)
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Bie % (2016) 41 * ﬁ%ﬁ%“r"” RELUE N ' SR 3‘]%2}39:3 TR
50 Vo ik 1.5 A RERFEEGD mm 1 ivF M 7§ 0 A JJTLRF
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UERFLA TSP B58T 0 2OHRE T i
Bge T A2 VERF o BRI G AIREF 2 RS TR
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Wongsagonsup % (2014) 41 * # /& 2 v b 2N R ST 5 R A
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;ﬁif; B F 600 MHZ > S FIEl cm> 1 (T3 M5 & § 0 I
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#x ¥ (granular starch) 2 34 i3k (cooked starch) » 534 % b # S ¥ 8+E
Bke &P R AeRACB R BT SR HET RS ST ?ﬁﬁ % 50
W ed2is » B R 34.9 %" 3 32.6 % #iAEkER Tf:ﬁ 100
W R {6 35 7 R JET5.0 % % 2 T2.8 % AT PR AR T T L
Hp R 4 2Bk R (cross-linking) » IRk 5 P R T YR KGR B R i
BTRFREPSHE SERT 0 AET R RILL AR S T

6 VPRIFAE L ’J\)f@“'ﬁ 50 W2 100 W2 %53, 3
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Bahrami % (2016) 4] * ¥ & 3 4 J\u,étﬁ:J 3 PR ;J" P
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120 sec)$t | ¢k Pa 72 2icde F 2 22 5 S5 Hrx1 o %)
s ¢ g TR PG AR e ey AR @ 45 HE R T S PR
AR PR T B T PR T RASE TR 20 V- PR 120
sec ¥ > iRt Pg B AepE iy e irdledprt > AR F AL > PFRL R
fefopiifa Foripdliedprt - 3 E A3 2 R F] 5 P53 AR IoBk g
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AHFAR BARFIG I FERFAYPRIY T8 CRAAM -
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Je L RER 30 min o #F3 A R R R(L ~ 23 KOs K & 1~ 3
ER S o R AR R L B BT T AL 2
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TR ffﬁf/%@_@.%é Re R SRR m A 4 M B o Sead sk ok A o
(water uptake) % & > % 5 % & FF B (cooking time) ; #& s &7 ;J“F{f/'* 79
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A SRR 22 KA 2 36,5 %0 Fom T AR R A EFA & 5
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W hE Pk T B R e FEOF SR 2 5 50 W
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Sarangapani % (2016)41* =& % ’]\ls‘f‘@“’ BEA KR *f: BN
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K EFRfoR AT B BEHT 0 FHN B S B Fokax
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index » WSI) ~ 3% 4 (swelling power » SP) 2 -k & v 4z & (water
absorption index > WAI) > Tft w327 % 50 W~ R 15 min pF »
WSI € 1.83 i 4c X 1.91 > iz & d T Z K w2 f2RIT* » 4K
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AP RS g ke e s s ZABON kY ke g
"R EPEIR A L P T BB ARRR ) = g BT AR 6 A 0 Flm Fr ik
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40 D03 4e 3 ¥ 62 % ke 2 a kA pFZ a4 T 162 % duy 1t 4
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HEEAARBPI T bldeiNO-OfrOgr iz T e R 5 pH &
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Fig.3.1 Framework for this study.
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Fig. 3.2 Schematic diagram of non-thermal atmospheric plasma jet.
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Fig.4.1 Influence of non-thermal atmospheric plasma jet treatment
modified for different time and different voltage on pH value of corn
starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-i mean in the same bar with different superscripts are significantly

different (p <0.05).
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Table 4.1 Influence of non-thermal atmospheric plasma jet treatment
modified for different time and different voltage on thermal analysis of

corn starch.

Time(min) Voltage(V) To(°C ) Tp(°C ) Tc(°C ) AH(®J/g)

Control 0 62.47+0.17% 76.08+0.09% 80.87+0.09*% 36.21+0.03?
1 140  62.78+0.04% 76.10+0.00® 81.00+0.39* 36.04+0.06%
1 160 62.48+0.06% 76.24+0.02% 80.64+0.07% 35.71+0.01°
1 180  62.44+0.40% 75.86+0.56% 80.93+0.37% 35.48+0.02%
5 140 62.49+0.02% 75.61+0.04% 81.16+0.40%° 35.28+0.00%
5 160  62.86+0.04% 75.37+0.05% 81.30+0.30*° 35.24+0.03%
5 180 63.64+0.11° 75.50+0.12% 82.60+0.14> 35.15+0.02¢%
10 140 64.61+0.15¢ 76.05+0.13° 84.10+0.30° 35.16+0.03%
10 160 ~ 65.79+0.109 77.43+0.12¢ 85.38+0.03 35.09+0.16°
10 180  66.17+0.099 77.65+0.06° 85.66+0.18¢ 35.06+0.17¢

4 Meanz standard deviation(n=3).
b"a-e mean in the same bar with different superscripts are significantly different

(p<0.05).

°To, Ty, T¢ are the onset, peak, and conclusion gelatinization temperatures, respectively.

AH is the gelatinization enthalpy.
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Fig.4.2 FTIR spectra of corn starch subjected to non-thermal atmospheric

plasma jet treatment modified for different time (A) original spectra (B)
amplification spectra.
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Fig.4.3 FTIR spectra of corn starch subjected to non-thermal atmospheric
plasma jet treatment modified for different voltage (A) original spectra (B)
amplification spectra.
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Fig.4.4 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on transmittance of corn starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-c mean in the same bar with different superscripts are significantly

different (p <0.05).
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Fig.4.5 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on transmittance of corn starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-d mean in the same bar with different superscripts are significantly

different (p <0.05).
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Fig.4.6 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on rheological profiles of corn starch.
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Fig.4.7 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on viscosity of corn starch (A) original plot (B)
Y axis coordinates zoom.
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Fig.4.8 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on rheological profiles of corn starch.
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Fig.4.9 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on viscosity of corn starch (A) original plot
(B) Y axis coordinates zoom.
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Fig.4.10 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on surface structure of corn starch.
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Fig.4.11 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on surface structure of corn starch.
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Fig.4.12 Influence of non-thermal atmospheric plasma jet treatment
modified for different time and different voltage on pH value of tapioca
starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-g mean in the same bar with different superscripts are significantly

different (p<0.05).
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Bi4e > o 7007 °CH{ 4c 3 73.48 °C » RFE % B4 1B R 3 4 &
¥ G RGRE A LK Rt & (Thirumdas et al., 2017a) 5 A% Bk >t
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Table 4.2. Influence of non-thermal atmospheric plasma jet treatment

modified for different time and different voltage on thermal analysis of

tapioca starch.

Time(min) Voltage(V) To(°C ) Tp(°C ) Tc(°C ) AH(®J/g)

Control 0 64.00£0.31* 71.07+£0.48* 80.19+0.07¢ 30.72+0.03?

1 140  64.12+0.24% 71.18+0.45%® 80.27+0.07% 30.53+0.10P
1 160  64.52+0.07% 71.38+0.28%° 80.6+0.55® 30.48+0.03"
1 180  64.75+0.04% 71.52+0.19%¢ 80.42+0.04% 30.39+0.03"

5 140 64.89+0.03% 71.88+0.073¢ 80.57+0.18% 30.41+0.04"

5

5

160  65.37+0.09" 72.47+0.05°*¢ 80.69+0.02* 30.32+0.02%
180 65.59+0.13° 72.57+0.04% 80.83+0.05%° 30.28+0.01%

10 140  66.61+0.30¢ 72.55+0.42% 81.17+0.17" 30.26+0.01%
10 160  67.19+0.27¢ 73.24+0.11¢ 81.74+0.08° 30.22+0.03¢
10 180  66.90+0.21¢ 73.48+0.25° 82.07+0.249 30.19+0.07¢

@ Meanz standard deviation(n=3).
ba-d mean in the same bar with different superscripts are significantly different

(p<0.05).

°To, Ty, T¢ are the onset, peak, and conclusion gelatinization temperatures, respectively.
AH is the gelatinization enthalpy.
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Fig.4.13 FTIR spectra of tapioca starch subjected to non-thermal
atmospheric plasma jet treatment modified for different time (A) original
spectra (B) amplification spectra.
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Fig.4.14 FTIR spectra of tapioca starch subjected to non-thermal
atmospheric plasma jet treatment modified for different voltage (A)
original spectra (B) amplification spectra.
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Fig.4.15 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on transmittance of tapioca starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-d mean in the same bar with different superscripts are significantly

different (p <0.05).
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Fig.4.16 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on transmittance of tapioca starch.

2The error bars represent the standard deviation of repetitive measurements
(n=3).

b a-d mean in the same bar with different superscripts are significantly

different (p <0.05).
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Fig.4.17 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on rheological profiles of tapioca starch.

93



(A)

60 ——control
50 —1min
I 10 min
o 30
P
5 20
o
2 10
>
O —
0O 50 100 150 200 250 300 350 400 450 500
Shear rate (s-1)
(B)
——control
4, .
—1min
3. ——5 min
10 min

=

o

Viscosity (Pa-a)
N
O OUITkF, OITNOTWOL D OO

0 50 100 150 200 250 300 350 400 450 500
Shear rate (s-1)

Bl 4,18 S5 d R2Lgof o2 T R0 T I PR 0 A ST R AR 2

(A R L EF(B)Y ok e -

Fig.4.18 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on viscosity of tapioca starch (A) original plot
(B) Y axis coordinates zoom.
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Fig.4.19 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on rheological profiles of tapioca starch.
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Fig.4.20 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on viscosity of tapioca starch (A) original
plot (B) Y axis coordinates zoom.
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Fig.4.21 Influence of non-thermal atmospheric plasma jet treatment
modified for different time on surface structure of tapioca starch.
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Fig.4.22 Influence of non-thermal atmospheric plasma jet treatment
modified for different voltage on surface structure of tapioca starch.
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