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Inhibitory effects of composite antioxidants on acrylamide and
chloropropanol ester in fried fresh cut potato chips
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ABSTRACT: Objective To evaluate the inhibitory effects of composite antioxidants composed of phytic acid and
carnosic acid on acrylamide and chloropropanol ester in fried fresh cut potato chips. Methods Phytic acid and carnosic
acid of different concentrations were evaluated by determining acid value (AV) and peroxide value (POV), and the
optimal ratio of composite antioxidants was determined by response surface optimization experiment. The effects of
composite antioxidants on acrylamide, chloropropanol ester and their quality in potato chips and oil were evaluated.
Results The optimal antioxidant concentration of phytic acid and carnosic acid were 0.16 g/kg and 0.4 g/kg
respectively at 180°C for 30 min. The experiment was designed according to the response surface optimization method,
and through data variance analysis and response surface diagram, it could be obtained: When the concentration of phytic
acid was 0.06 g/kg and the concentration of carnosic acid was 0.2 g/kg, the lowest value of AV and POV were found, and

the antioxidant effect of oil was the best. The inhibition rate of composite antioxidant on acrylamide was up to 80.5%, it
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had certain inhibitory effect on chloropropanol ester, among which the inhibition rate of 3-monochloro- 1,2-propanediol

fatty acid ester was up to 49.2%. Conclusion The composite antioxidants shows good advantages in improving the

frying stability of palm oil, inhibiting the production of acrylamide and chloropropanol ester, effectively delaying the

deterioration of frying oil quality, and has certain protective effects on frying oil and potato chips quality.
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Table 1 Experimental results of response surface
[SYSRE Wik, B RBHIR AV/ POV/
(g/ke) WIE/(g/ke) (mg/g)  (mmol/kg)
1 0.02 0.30 0.302215 12.6166
2 0.06 0.20 0.262189 9.29807
3 0.10 0.10 0.355785 9.71076
4 0.06 0.20 0.234733 11.032
5 0.06 0.34 0.288094 9.99191
6 0.06 0.20 0.213212 9.25803
7 0.06 0.20 0.23187 9.26093
8 0.12 0.30 0.31018 10.8041
9 0.06 0.20 0.216669 9.21206
10 0.06 0.06 0.296169 10.5028
11 0.10 0.30 0.283748 10.3897
12 0.12 0.20 0.313008 10.7594
13 0.02 0.10 0.285792 11.5999
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Fig.3 Response surface results of phytic acid and carnosic acid

24 EEMEAFINARIEBEETHNERYT AA B2
A

N AR AA BISEIR, AHFTE I T A
IR . R [RIkE e [) 2 A b b I A s (4l b
AA & TER THOKE P ES R, AA F
R 2k TR AT e A SO R A SR R N A B, A R
AV R SN A SR e, ETATiE 3 Amadori 2 B HEA:
PR E I SRR e, A B SR I 2 Ak R AT AR R,
e 2 SRR, 1 — R = P AR 9 R R O
FAE T - H I T (AR AA BEFTRE &, H
HESR S N E 4 BTR . ERFRE TR AA &
AN S BN, BEFE AR 3N, E R AA f
B BN, X — RS EA ST SRR E 5w S ok s
VI EYh AA BB 156 RGBT 45— 30 Wl
i SRS R 4 B A B AR AT D R AR R v
AA &L, WTRER PR AR I N S A A R 2
A A5 A AR S TR, T RN, A 180°CHY
AA SN, S EHE R R AA 0.54 ~1.24 mg/kg, THESN
HAPURRIE R AA RS RN 0.6 mg/kg, XF
AA FINHIRIAE] 50%LL L. 78 180°CHIAE 2 h B, & AHt
FALFIXT AA BRI S, O 80.5%.

25 EEmMENFIXEIERS 3-MCPD E5 2 2RS0T

el 6 W/RT 3-MCPD BRSAE et B iy & =228
fb. B 6 RNENEERRARERE S LR B IR . BATXET
3-MCPD [&TE S DIHL IR ZERF 5 b, AH 5E Sk £ 4
TR B FEAFAE 3 Flakte: S FoRZIEEGRTE . FRIEA
4 P AR 28 K H R v R AR AR L BRI B
AR Il R 3-MCPD 5 4 75 B e Fisf 18] Fr) A28 < 52
B ETHE PRGBS, X450 LT S ehTiE
W —5. dE 7 7TH, 78 0~2 h i, 3-MCPD B&:Z#i 7t
I HikF KM, M 2 h ZJ5, 3-MCPD [ig & B Wi kAR It
T RE o B BCE o ARl i, BE TR R TR R T
3-MCPD P & 2 2 IS s BRI R 3, it
() E AT o3, o R TR U, M 180°CHF i,
3-MCPD [if F . H45 85 KANG % P8I gt i 3 xf
3-MCPD R IE A —3. BUBER A B 1E A WiEE R [
B =2 I UL ETSUR-NCNiiE S Fep el FFUE-R iAoy
B BTN g E AL SO o i FihAg o 3-MCPD Jig ™
A HEENSY, i ER SRR RN 50
AAFIARAINH T 3-MCPD Beg7r=E . BInE At &AL
X§ 3-MCPD [ — & MR, FAAb 35 A4 i 5 i =
A3 RIAT 53] 49.2% (170°C).



246 B 24 iR AR I 2 4l

%14 %

@
100 -

X%
3

D3-AA 75.1>58.1

8.028¢+003

6.07 .
0 L " ! 1 L e a - 1 1 B WSS S T
1.0 20 30 40 50 60 70 80 9.0 100 11.0 12.0 13.0 14.0
{5 B B[] /min
(b)
100 72.1>55.1
7.929¢+004
<
)
g s0|
z
0 ) \ ) \ \ L \ P it
1.0 2.0 30 4.0 50 60 7.0 80 90 100 11.0 120 13.0 14.0
% 8 Bt [R]/min
P4 PRI (AA)E T BT
Fig.4 Quantitative mass spectrums of acrylamide (AA)
a b c
()0.5 -w 4 ()0.8--7§E|2ﬂ ()1.4. "_.{EléL
@ EA?*iﬂs?‘lJéﬂ = @EAYUEMATRIA ~ 12 @EAYUEARA
%ﬂ 041 %1) 0.6 | g) 1.0
g g &
= 0.3 = £ 03
= ﬂ;‘ﬁlﬂ 0.4 =1
go2 2 € oe
0.2 < VU
0.1 0.2
0 0 A 0 ]
0 2 4 6 8 0 2 4 6 8
WhKERE]/h THYERTTE]/h WKERSHE]/h
© -/ El
@ 14 . =mEHA 1.6
_ 1o | EATE L4
o 1.2} 5 b
D 10 < 12r
) £ 10}
I]I]Eﬂ 0.8 MT&H’ 08l
4z 06 & 06!
S 04 S 04l
0.2} 0.2 |
0

KRR E]/h

0

THKER /b

(@) 160°C, (b)A 170°C, (c) M 180°C, (d)>A 190°C, (e)k 200°C, & 7. 9 [d].
s ARAEIAEAS 7] 5L (160~200°C) £ T 7 i N R B I (A A) B A8 AL A B
Fig.5 Changes of acrylamide (AA) during hot processing of palm oil at different temperatures (160-200°C)

2.6 EAMENFIXIRIMERT 2-MCPD BE&2 =/

2-MCPD  7£ B2 /K fift 25 1175 W h 38 4 LA 25 T8 U AE A,
WA R SRR NI RR A A FEBURS | RS IR R I A5 e TR A b
HRR P, £LL 2-MCPD EEEUH B, 2-MCPD fiE— %
Fh 3% 15 19 2-MCPD FIfi Vs i 1o i Ak s i A5 1) 11200, &1 8

A 2-MCPD FERFRAEFE D EF FOigE, iE 9 mlH,
2-MCPD g fit 5 2t Bt 5 7001 F FsF 1) ) B K S0 T o8 i R AER, iX
5 HAMLET ZPOMior s R —58. T 3-MCPD [,
2-MCPD g% i S BRI B33, AR & oA 4k 5
Bﬁﬁﬁk’ﬁiﬂaﬂh 2-MCPD [ B RA Frfg, (HEURA R

, K25 2-MCPD BETE—5E 5514 T 7T LU Ak S 46 K H- il i,



5517 3

RORER, AF S PUATR X il A SE UT S H oA T e R S P R A 247

It HA Al et — 2464k 8 3-MCPD B8, WInE SHiE b YEF . £ 170°CH, BINEAHEFINT 2-MCPD Egiil
BRI KNG BE BARIMIE b 2-MCPD fig & &, HEBKAE HEEE R 37.09%, 7E 160, 190 F1 200°CTF, &AM AN
W HE R, TR A BUEALFITE 2-MCPD FRfEAL)E K& 4% XF 2-MCPD [ T8 A A VR

-
>

3-MCPDf & f/(mg/kg

4.0

W THI FH/cps
o
=

(x100000)

" 147.00 (1.00)
150.00 (11.33)
196.00 (3.21)
F 201.00 (58.35)
198.00 (9.97)

1 1 1 1 1 1 1 1 1 1

13.275 13.300 13.325 13350 13.375 13.400 13.425 13.450 13.475 13.500 13.525 13.550

SR AR} /min

Kl 6 3-MCPD fisE it JF ik &l
Fig.6 Quantitative mass spectrums of 3-MCPD ester

O = ©g 1, -]
= 12 Z2E A EAFIH = EAE AP EAFIH
£ 0] s
b2 08|
& 0.6
g 0.4
=02
“ ) )
0 2 4 6 8
SKER i/ B
A~
0.7 - = 0.6 -

2 o T 2 T

E T @R A ARIA 205 AR AR

m 03 = 04

& 04 % o3

om

= 0.3 2 &
£ 02 % g 02
g % g o1l
> 0.1 % % = 0
) A 7 4 1 A % /
0 2 4 6 8 0 2 4 6 8
JHFERTE]/h JHIERT )R

7 BRI AR [RIRLEE (160~200°C)#A N T3 A2 3-MCPD B 148 AL 15 Bt

Fig.7 Changes of 3-MCPD esters during hot processing of palm oil at different temperatures (160-200°C)

4.0 L

3.0

2.0

T FY cps

1.0

13

(x100000) R 384412
196.00 (1.00)
198.00 (2.03)
600 13.625  13.650  13.675 13700 13725 13750 13775  13.800

KA ] /min

P8 2-MCPD Pz & Il
Fig.8 Quantitative mass spectrums of 2-MCPD ester



LRI 5514 4

TR A/
0.25 .

—~
[=N
=

0.20 L

I
—_
W

=
—_
(=)

0.05 |

2-MCPD & &/(mg/kg)

=]

W KERT E]/h

—~
o
~

g/kg)
O
u)
(=)

1'1‘1
=]
)
w

2-MCPDWg & HE/(

W KERTE]/h

K9 AR AN [ BE (160~200°C) il Tad 2 H 2-MCPD i #9784 17 50
Fig.9 Changes of 2-MCPD esters during hot processing of palm oil at different temperatures (160-200°C)

27 EEMENFNEYE R RGRFE

R ASINE A HUEALF(0.06 g/kg FER+0.2 g/kg B
R R 2R S RS, SRR E 180°CHERSR I
AR A PRI AR AT E ARG R S et .
F SRR R T 2 AN, R R, PR R
RIEKIRIEIRK, 5IRSFIR IO, ANEE AR
TERPHIILAE, IR RS it 2 & A EAEH, It e
BT RS/ 2 R, B I RS R 3,
ER RGN, AR TIMALSINA %0275
e, AR, B TEl e R R m K
AT TE BRI Y A0, 28 s {0 e 5 2 e 2 i 1) e
KRR R B AT B, AR NPT AR A 7R 2 R Ul 4 e

SV R O T B o RIR 22 A 0 A R o A
UM E B B R O RERE RN SE, 5= g R T
BEPEZER . U, X SR A T U R AL A B AN R
HR T

28 EAMEANTIMNETIERKS . SHEMEF
HISZ M
IR 53 7 e RIS A N g o2 K PP DA i 32 22 119 % i
A ARCH S Sk Al 5 K R R A SR R AE 9 A
Rz — AWIFER BN B R R Us aT B R T Ao i ke
R AR A 20 A%, i“%%%ﬂﬂﬂaﬂﬂ%*ﬂiﬁli ﬁﬁ%ﬁéﬂk
W, SRASEERED. mk 3 AT, S EAiE L
iIEFE’J%HWKEH%{EE? EIXTH@?H ﬁﬁﬁf‘mi/—\

FHEZS A E/N, RPN ZZE S ME T B rh %ﬁ’fﬂtﬁﬂ FEAR T8 R ok, 80 TimdE L R
2 EEMENFINEETIER RN
Table 2 Effects of compound antioxidants on texture of fresh-cut potato chips
Y VERT [E]/h ER A2 i /g T 7 JE A8 i/ mm #if Pk /mm
0 sk 536.25+1.25% 2.60+0.58"° 1.45+0.35%
EipE =R i amilE| 499.75+2.25™ 2.46+0.525° 1.65+0.207°
5 A 439.25+3.25" 2.66+0.905° 1.75+0.24
EiE =Rl 406.25+3.75" 2.95+0.68" 1.16£0.09%
4 sk 399.50+6.50"° 2.58+0.97"° 1.2140.11
Ei =R el 336.75+5.25% 2.40+0.27%° 1.76+0.314
p A 420.50+8.50%° 2.61+0.335° 1.85+0.20%
EiE =Rl 361.75+2.75% 2.03+0.47% 1.86+0.034°
g sk 313.75+2.75 2.87+0.79* 1.53+0.28%°
Eip R el 339.50+3.00™ 2.85+0.83% 1.54+0.228

T A/ NG 5B 2R BUE IS [0 2 7 BTt A7 125 22 5% (P<0.05);

AN RS 5 B 2R R RO B il AT 235 22 5% (P<0.05), Tl
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Table 3 Moisture and colour in fresh-cut potato chips

THKERT[)/h EYRiES K5 1 /(g/100 g) G & /% L a b
0 skl 1.62+0.03* 27.72+0.09" 53.64+0.065 3.57+0.06™° 15.88+0.014¢
P4 1.16+0.01< 18.70+0.07<° 56.78+0.10* 2.15+0.19 16.15+0.14"
) ZEHA 1.55£0.06 29.37+0.14" 50.17+0.05* 2.58+0.36" 16.60+0.08**
Préafb 4 1.09+0.03° 19.46+0.27°* 51.43+0.27<* 2.45+0.321 15.32+0.334
4 =i 1.64:0.04% 28.50+0.074° 52.94+0.01% 1.67+0.31% 14.25+0.04"
P4 1.15+0.04 17.19£0.00"° 50.41£0.20% 1.41£0.06"° 14.52+0.324°
6 ZEHA 1.60+0.02% 26.86+0.07%¢ 48.34+0.05> 1.41+0.21%° 11.58+0.085°
HLE AL 1.14+0.10° 16.44+0.24" 43.02+0.07% 1.38+0.01%° 12.22+0.01%°
8 2 HA 1.5940.01% 27.84+0.01%¢ 45.62+0.11% 1.10+0.045° 12.73+0.09"
P4 1.11£0.02¢° 17.76£0.11°° 46.96+0.125 1.28+0.01%° 11.36+0.425
F 4 EESMENFIFTRIMEREZENIIG
Table 4 Effects of compound antioxidants on color of frying oil
KB /b RSB NEEES L a b AE
0 skl 91.00+0.01"* -5.86+0.03% 24.56+0.02°° 2.8440.035
Bréa ki 90.13+0.025° ~5.69+0.02% 25.88+0.04"° 3.040.05"¢
) ZEHA 89.32+0.01%° ~6.10£0.017° 26.50+0.05%° 3.17+0.124°
Préafb 4l 88.85+0.00° —5.85+0.02"° 27.73+0.03"° 3.4740.20"
4 AN 87.94+0.01°¢ —6.4740.01"° 24.81+0.10"° 2.68+0.06°
Bréa ki 87.03+0.02" —6.13£0.02%° 27.49+0.05% 3.37+0.03%
6 ekl 86.00+0.02" —6.65+0.01* 24.91+0.07°° 2.67+0.04°
Préafb il 86.86+0.01" ~6.3040.027 28.55+0.07" 3.37+0.01%
g 2 HA 85.26+0.02%¢ ~6.61+0.02¢ 26.33+0.09 2.93+0.04"°
bR I EdEl 85.35+0.01%¢ —6.23+0.022 27.67+0.08%° 3.19+0.124°
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