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Abstract: In order to solve the problem regarding the loss of crisp texture of potato chips after full thenmal processing, the effects of acetic
acid and calcium and their synergistic pretreatment on the texture of potato slices after thermal processing were studied in this experiment. Shiced
potatoes (SP) pretreated with acetic acid and calcium chloride was considered as a strategy to enhance the textural characteristic of SP after
thermal processing. Base on the single factor test, the variation of hardness of SP after thermal processing was used as the response value. In
order to acquire optimal formula of pretreatment for SP, the response surface design was used. On the basis of the single factor experiments,
taking the acetic acid concentration, calcium chloride concentration and soaking time as the design factors, and the hardness of potato slices after
cooking for 10 min as the response value, the response surface method was used to optimize the synergistic action of acetic acid with calcium
chloride to improve the hardness of potato slices. Finally, the optimal parameters for improving the hardness of potato slices were determined as
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follows: acetic acid 5.26 mL/L; calcium chloride 5.28 mg/L; soaking time 11.1 h. In the meantime, the microscopic examinations and X-ray
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microanalyses of different samples revealed that the cells of the heat-treated potato slices had severe intercellular separation, whilst the cells of
potato slices treated with acetic acid in synergy with calcium chloride followed by steaming for 10 min were still tightly connected. The amount
of the permeated calcium in the potato slices soaked with both acetic acid and calcium chloride was significantly higher than that for the slices
soaked with calcium chloride only. The results further revealed the reason behind the improved hardness of potato slices pretreated with acetic

acid and calcium chloride, which also provides a basis for the late-stage processing of flavored nstant potato chips.

Key words: sliced potatoes; acetic acid; calcium chloride; hardness; scanning electron microscopy; X-ray scan

DA EEARENREEZ —, Er-8 SRR
—. “+=HH0E, HEEFHETLES®EEEN
RS, S b S R T L R
U6 Bl s T, SRS, A8l
A DB E RN DB E MR R EE S
U R, FRAEE) T T A0 9% 3 FURMIF 0538 1 s i o
;vll.__]:_['.f—lzlD

ESSEFEHE=MOAEY, BRVERET
TS P BLE 2R RIERE"Y, kRt
Pt XREEDRTEAZIG, S FA A ) R
JREETL T — RAIAAEL, G B i)™ 5 [ i,
S B M ] S, SRt R U,
HHMEH DR, bk

HZ, A—MEHFERIX IS E 246,
TERbi L 2am), BT H S IS R A b T 2 3
WEft ek, G, 7EREA R B Ltk
FEACH [l i S R DR e i A MR . RT3
R R RER, BT MIBF TR REES B R,
Favaro V2 T =i 24 AN F 1A 3 ch b 2 Bl 4
S, BRI ATPAE T, AR, SRS E LA
HOBE() b R EE E 7. AN, BNTEEEEN
WA, AT R AN P [ A A (s HH SR B R T
BEMER. Zhao ZP VI ZBCETE, DS
FFEEE T, AR A R R A . R
2B BLS D S AR S O 5e 8. Ng %P
AR E RS, HARH G R &L
30%. HSH AR PO A, )P LR A B [ b B
DI85 o] ARG (L SRBE () B, AT B b 3D Tk
FEChTERE (Y FRE™). Bxfel 56, Bt Aszag, L
AFE T T Z AR P TR, AhEEa))
RERIOE L 200 T A 5 BB RE (52w, &5
ST P O TR AR B KB 4 R
VT RS, B3 T ZREA S b 85 R b #E
o Mo e T A B S T B LA,
B 9 9 i H L 208 T T PRI P 5 P T B e .
PR AR .

1 #MR5EE

11 SREATH

A S B HT, Wl AR St
H BN i (AR E R, — IR RIS fifiet
W PREFTEROL R S, RO, @

Br
rete

1.2 SRERA

UK BANTALES, Prohaamdl: WRMELTE
B R 2]

13 BE5EE

TMS-PRO A4, £E FTC AF]; Wik
AL, BliEs AR AT BSA223S T4
R, FEFHEEEAEE bz FIRAR]): KEO-
19AS35TE sk, RYIREEER ik as B AR
JSM-7800-F Hfilill 7 2#E, H4 JEOL ~val;
X-MaxN X-8£kfEi%{, OXFORD A #]; SCIENTZ-
10ND FLEE¥EETIRNL, T2 SR Rt )

o],

14 BRIk
141 TZ542

5 =1 }t
I

(AT T

il 4 TR BE
il — S (i) i'J"iij‘! F

W | [WAEN ] [RFaEs
10 min 25 CHtfF

142 #4EZRL
1421 RIS &

FTi5 B B UK 2 s T2k, Fos A
[RIHRRER B, WREEAr R 24 4. 6. 8, 10 mL/L,
I LA -
1.4.2.2  FALPHIE BT %

NG R R e et e ) O I E e N b

141



MR @B

Muodern Food Science and Technology

2022, Vol.38, No.4

FER SSRGS R 2. 4. 6. 8. 10mg/L,
BB -
1.4.2.3  [EURH FLab 2

LT D% (< 7-8 em, W 3~4 cm) , i
B, L, UPrRERR RECRN 3 mm) . BEEUE
2N 3~4 em LB FED) . BN 3 A4 R
g1, Y1k LUK AL S OR & 5, Biabs (R
R WL REIZRED - [E, 3R (CK) WIER] 2K
B . RIS HE, YA S LLAERK
WRIE 3 U, PRI ARVE b i v ), L S
T 25 CHalfP A . HRE, HaTEa
PelIFE A E AR B R R B h 28] 5 min, W HIESE
HINTYIER T T
1424 f@EERIED)

Hi TMS-PRO {1, ALk (50 mm F2),
TPA SSE (RPHM@SEE) « e SHGREN:
Test space: 15 mm; Speed before test: 1.0 mm/s; Speed
after test: 1.0 mm/s; The pause time between test: 5 s;
Deformation percentage: 50%.

143 $REARE

DB 128 1.423 fil#%, LLZBRINIRE., Sk
BEIHR L LS BE I (B g R R AT 988, R ERIER
MACH AN ZERATHRE (GULESHREERE DN 6
mg/L. AR B 9h) 2. 4. 6. 8. 10mL/L;
SALFSHARIE (ZRRAMIE U E Y 6 mL/L, A2
RN 9h) « 20 40 6. 8. 10 mg/L; AR EERT A]
R (RSB E N 6 mL/L, SALESHIRIERE N
6mgl) : 3. 6. 9. 12, 15h, FFESAIEIE 1424
AT RS, IR U ARERE D S R IR
iz iamt(a).

1.4.4  of L dg iR
1 ARKER
Table 1 3 Factor and 3 level of response surface design for the

pretreatment of sliced potato
AP A LR .B s C R
ALY HAAmgL)  BFiE /h
1 4 2 9
0 6 4 12
-1 8 6 15

FECPRRIRIE . FALTSHERER R 7] 3 4~
BTSSR, SRR 3 AR mal R i e,
WA 1. LAZER 10 min J5 D89 H REE Y H bR
H, BHTHER RN LZ. SiS
CIRRE AL EL,  F I e T L A R AR
LI RARR R LS, RREEEM.

142

145 D&4Emioe) MmO X-4H4
Bk X 447

KBNS H S DS T, AR
W, ST, RDGRERHH TS, RE
TR A TR, AT 10 h FEUE, #5305
FESHEE b L e T B, BN Bl E %
T T S TR (O M B 25 R OO 5 . 5 2id Stk
5 bR 2 P ] SR A A B S 11 T R AT X
PO AMHT, B B 5 2k 4 A -

1.5 #AEa47

BT E0CPATINL,  HRidso P fE:
(i 22 AR S S50 4 i o ) 7 A ot e
SPSS 20.0 ¥4}z Design Expert 8.05.

2 HR5VHE

21 ZEEEREEEXZEEEENEN

Wi 1 R, i ORI IE D E  RERE R
Fats, X5 Zhao APV —B INNZE
A DU RS D8 e R AR, By kA TS Dt
BN TRAn I R, AT (R B Liu
e NPV 3o e Y R R A i T 45 S )
R i SR A A kAL, AR T A Ik A fE A s f R
Froc¥. BE ARSI, Deesd Hils 2 el
I BRI, 76 6 mL/L BFREREIARIER K, BilS
BB, (B R TR BRI DR E .

000 -

8000 -

7000 +

Wi/ g

6000

5000 -

4000 -

3000

0 2 4 6 g 10
RS MEHCHE / (mL/L)

B 1 ZERER A DRET R ERREENFN
Fig.1 Effect of acetic acid concentration during the
pretreatment on the hardness of sliced potato after thermal

processing

i RRDEFHEALEFEE. p<005 TR.
22 AHREMBRFEEEE LR

WiPE 2 Bz, fEERREEIR T 4 mg/L B, DI H97%
B AR P AR M BE I E Y BLTE 4 mg/L 3k ) R qi



MK RSB

Muodern Food Science and Technology

2022, Vol.38, No.4

AELERY N SR, EELRETHRCR JE BRI e iE T
oo REERFNETELES, SSETHASL
BE A, S R E B, RARE
(AR RR 4. ik, BES T AR A1 7 S, A
TR T AN TG DR IR . MESMEs &6
WL, T AL 4 SO RS R HLCTH 5 P AR R,

HO00 d ed cd

0 2 4 3 8 10
AL EHE / (mg/L)
Bl 2 SHisREE e DSEYRFEERENTE
Fig.2 Effect of calcium chloride concentration during the
pretreatment on the hardness of sliced potato after thermal

processing
23 REMEAMNEAFEXAEEEENRN

WP 3 FE, A BRI 5 5
J9 6 mL/L i 6 mg/L N, BAEREI M, T
) AR R 206 S PR, i
Ty 12 h AR (K. HEAT AN, S A K
XRS5 12 h B A
12000
11000
10000 +
000 +
8000
7000 -
6000 -
5000 L
4000

3 1 L 1 L Il 1 1 1
0000 2 - [ 8 10 12 14 16

FEief ] /b
[# 3 J@artar DS E L EEEEE NN
Fig.3 Effect of soaking time during the pretreatment on the

T HE /g

hardness of sliced potato after thermal processing

AR LG H, T ) ZEERE, &
A LA AL 100352 T ) 0 2] B I (O RE R A
ELERER . BTLL, i e T A0 AR A5 B i D Tk
HTZIRABE,

24 K AR
24.1 ArAEBEESETSEE

A4 mg/L MSALES B 6 mL/L M2/, ASHE
PIR T B A OB . S SRR . ALK
FE. REREEER AL B, C = WIRAEE, Kk
B D E R WA . LA Design-Expert
8.0.5 BfFkTE 3 I 3 AKFRaSe. HAFEIETH
Z=orh, W2 K3,

i R 2 IR X 2 2 BT
. DEMESEE (A ZBRIRIE. (B) SbEiK
FE R (C) AbEad ia]xf D8 i 28RS IRERE(E (Y)
ERABRETHS, HEEN T AL

Y=4228.48-699.39A+93.13B-325.71C+77.42AB-
364.70AC-157.68BC-512.27A%+318.06B*-623.06C" (1)

R 2 NEELTEE AR RN LR R
Table 2 Response surface test design scheme and results for the

pretreatment of sliced potato
#8EF A B C e
1 11 0 3475241682
2 I B 4666.8+220.3
3 1 1 0 3246.9+110.2
4 -1 0 474824257 8
5 1 0 1 1768.6482.3
6 -0 1 3949.1+92.6
7 10 - 2966.6+86.5
8 -0 -l 36831153
9 0o 1 1 3498.2+115.2
10 0o -1 1 3514.5476.2
I 0 1 1 4647 8£207.3
12 0o -1 -l 4033.442272
13 0 0 0 4088.4£192.6
14 0o 0 o 4144.5+153.2
15 0o 0 0 4329.1+110.2
16 0o o0 o0 4251342282

17 0o 0 o 4329.1£119.5

Hh 2250t (e 3) Al &1 8L p T 0.001,
T AU p=0.1768>0.05, BT LLZ A8 0E B
Siit e o BRI (- TR A % R E i
HBUESR ELALA I R AT (R™=0.9835, Rag=0.9623) .
i, AIERA ARG h BT S R A R A RT {S
FEmRtE. 224 3 25 BLol DAESE, 7ERTEFE Y+,
B LRI (A FRTAREERT (0] (C) RERmE
LS R E R REERE (p<0.01) ; {ERTAbER T2 Y
i, IERP ERESIRAE (B) HIASEZW D R
JERERE (p>0.05) ¢ A%, B, C7 Sihvum This s 17
ZIEMTEEE (p<0.01) ; D ZERIREE (A) T
WERTE (C) WA E R BERm L% ER ARG

143




MR RBE

Modern Food Science and Technology

2022, Yol.38, No.4

AIREREERY (p<0.01) o MFEAZHAERIAREm S %
FAEEIE MR (p>0.05) o B HRALT F (ER00,
P AE 2 MO0 T8 T R 2R S AR 1) B Ml R /N WY
Rz LGRS (=5 AL IR
RABZINATRE, TR DR AT T
(S Er BN BRI 526 mL/L. ALK

K 5.82 mg/L FOAREIN AN 111 he MIREASHER
(I EEAR O 4781.26 g A T SRl fe%ihas 5, LLi%:
E T ESE, HIMEEGET 3 ille. R, 5§
) I N 4655.23g, STIIE 4781.26 g 2 [A]
EREER. Fit, ZEM LN TFSEED RN
T TZ.

%3 EEAGREEEES T
Table 3 Analysis of variance of regression equation for the pretreatment of sliced potato

FERE P Ao df HyF F p R
HRAY 8651000 9 961200 46.33 <0.0001 o
A 3913000 1 3913000 188.63 <0.0001 4+
B 69378 I 69378 3134 0.1101
C 848700 1 848700 4091 0.0004 H
AB 23978 1 23978 116 0318
AC 532000 1 532000 25.65 0.0015 i
BC 90445 1 09445 4.79 0.0647
Al 1105000 1 1105000 53.26 0.0002 Hh
B 425900 1 425900 20.53 0.0027 *
c 1635000 1 1635000 78.79 <0.0001 e
HE 145200 7 20745
EEE 97773 3 32591 2.75 0.1768
Bk % 47444 4 11861
HBE 8796000 16

o At

B 74 T L LR
FEEL10.50 hE 32510 min

.

i AT mpml CaCl
10,50 hi5 2410 min

B 4 SR TR S A HdAass

| 613457 mLLAYR | mpL
CalCL 5218 10,50 his B 10 min =

Fig.4 Scanning electron microscopy observation of cell structure of sliced potato

25 EAEmBSTMNEER

4 J9FFi 4 BITHOR 500 R4 1 25
e . WESRETUED, RHSEICRN
LB MM RS H A EARR RIS, JEk b
AR TR . B At R ¥ 364 fn,
MMRIADERE A, A SR 0 I e SRR e 2
kIR, Mz TadmE RN iRz E
Mo EHR SRR S, AR AR

144

B B 2B st i E R r S
e R H Z BRI A H S iy S
FI S EH ML . TR ) DR A K
[F) (¥ 28 A S IREOREF FLIF IR, P AT R H
NS5 LATRER .

P 5 S AN[E] FUAR BR S A T B X-S o R &
Elik. EafE b o3RRS RS EEIRR
RIEsUA N Z R0 S E, BRIHIE R A 5 A
(5] 9 2 a5 o (AR B S R ) XSRS R A TR



MR RBE

Modern Food Science and Technology

2022, Yol.38, No.4

Big. aTRAES], SACPSEE G e an i aE A SIS
e (a BEMS) » JRENETEDHEMRA
W CRRESEE (b EE GRS - B uREE
DEH , DRENIZRRES IR TR, X5
PHE TR R R e S [FR, HIRE
ATAMBF LR TIX— 5, BTS2 5REEY
REMRRSERE, M TTER R 2 20 B R

d

cps/eV

.0 B Map Sum Spectrum

cps/ eV

5 X-SHAEEY
Fig.5 The results of X-ray scan of potato

3 g

TR BTE B 2 S5 2 R AU ) DA AR A R
S XA DU, BRI T S e AN L
AR ASEiddd RN FAL S E A TIAN B,
EhN TRFRE R T ikdem A ml R AL, ST i
FABHAT A AR R, IRk B =
FNWNAE, M0 TE SR E RN . 5

T BN R E T 80N JRiK
P 526 mL/L. SALESIRIE N 5.28 mg/L. FAIE[A]
AL he BEAR, JE R T e S SR AN X
IR A TR B A, S 2 FTREad ikt
FEELRETE A S Ordse AT (Mt A At i la) 48 B
HEREREEEE . MR AR R e iR
HEEh i, S5 mman i a Pt . % T2
TG S E R B T s (R CR, nALLE R
LEEMHA M RIEHESE.

B AR

(1 35 0 fERT B8 e b [ 8 e bR it FU0). 1t
Frdolk.2016,3:11-14
WANG Fang, LIU Yannan, ZHAOQ Wen. Study on promoting
the mamn food process of potato in China [J]. World
Agriculture, 2016, 3: 11-14

(2]  ERE PRI E SR R R B RE B MRS AR
B AR DR A 2013
JIN Liping, LUO Qivou. Current Situation and Prospect of
Potato Industry in China [M]. Harbin: Harbin Engineering
University Publisher, 2013

(31  VFBSF R TH S T H AL & S lk
R SR AL AR kA4 2010,8:150-152
XU Qingfen, CHEN Dongsheng, GU Chunying, et al
Investigation on potato industry in Gansu and Hebei Province
|1]. Heilongjiang Agricultural Sciences, 2010, 8: 150-152

(4] Food and Agriculture Organization. FAO stat [EB/OL].
{2010-11-01)  [2011-11-10].  http://faostat. The  fao.Org.
[ntermnational Potato Center

[5] Feeding the future: China and the International Potato Center
launch new center to boost potato And the Pacific and Sweet
potato capacity across China, Asia [EB/OL). (2010-12-19)
[2011-11-10]. Org/press-room/
press-releases/feeding-the-future

(6] Zou L, Potato and western China development [J]. Journal of

hittp//www, Cipotato.

Guizhou Institute of Finance and Economics, 2009, 3:
108-110

(7] R ThRE Aoy Fe 3 S A 4 T A SR AL B A AT
[D)AE s E A, 2016
XU Fen. Study on the effect mechanism of potato powder
and its main components on noodle quality [D]. Beijing:
Chinese Academy of Agricultural Sciences, 2016

(8]  BeRSZ 0lk P PR R 22 2 B2 (0 T R R0 S 1) o 78 B S K
P T LA T & S RHEL2016,41:163-166
CHEN Zhongai, LIU Yongxiang, CHEN Chaojun, et al.

145



M @B

Modern Food Science and Technology

2022, Vol.38, No.4

(9]

[10]

(1]

[12]

(13]

[14]

(15]

[16]

(17]

(18]

146

Preparation and principal component analysis on textural
properties of colorful potato steamed bread [J]. Food Science
and Technology, 2016, 41: 163-166

S L R D, 2 SR N, N AN R R T AR ) S R
AR T b S LI, 2008,2:38-42

LIU Chenghui, HU Wenzhong, JIANG Aili, et al
Physiological and biochemical changes of fresh-cut potato at
different storage temperatures [J]. Food and Machinery, 2008,
2:38-42

SRR LR G 7| S B R 5 RELT) A LA
#1,2015,2:8-10

YU Xinrong. Leading the development of potato main grain
by scientific and technological mnovation [J]. China
Academic Journal Electronic Publishing House, 20135, 2:
8-10

AR e B e T A S e i [N, R
) frandit,2015,03-23

WANG Xiaoxuan. The national potato staple food strategy
has entered the implementation stage [N]. China Food
Newspaper, 2015, 03-23

BEE 7, 0] H L ARSI T - 5 o B E AR AR e T 3
FiT,2015,2:5

MAO Xugiang, LIU Yuejiao. Discussion on new strategy:
staple food of potato [J]. Farm Produce Market Weekly, 2015,
2:5

Parker C C, Parker M L, Smith A C, et al. Pectin distribution
at the surface of potato parenchyma cells in relation to
cellcell adhesion [J]. Journal of Agricultural & Food
Chemistry, 2001, 49: 4364-4371

Shomer I. Swelling behaviour of cell wall and starch in
potato (Selanum tuberosum L.) tuber cells-1. Starch leakage
and structure of single cells [J]. Carbohydrate Polymers, 1993,
26: 47-54

Shomer I, Vasiliver R, Lindner P. Swelling behaviour of cell
wall and starch In potato (Selamwm mberosum L.) tuber
cells-1I. Permeability and swelling in  macerates [J].
Carbohydrate Polymers, 1993, 26: 55-59

Palermo M, Pellegrini N, Fogliano V. The effect of cooking
on the phytochemical content of vegetables [J]. Journal of the
Science of Food & Agriculture, 2014, 94: 1057-1070

Tian J, Chen 8, Wu C, et al. Effects of preparation methods
on potato microstructure and digestibility: an in vitro study [J].
Food Chemistry, 2016, 211: 564-569

Imaizumi T, Tanaka F, Hamanaka D, et al. Effects of hot

water treatment on electrical properties, cell membrane

(19]

(20]

(21]

(22]

(23]

[24]

(23]

(26]

[27]

structure and texture of potato tubers [J]. Journal of Food
Engineering, 2013, 162; 56-62
Jarvis M C, Mackenzie E, Duncan H J. The textural analysis
of cooked potato. 2. Swelling pressure of starch during
gelatinisation [J]. Potato Research, 1992, 35: 93-102
Favaro S P. Beléia A, Junior N, et al. The roles of cell wall
polymers and intracellular components in the thermal
softening of cassava roots [J]. Food Chemistry, 2008, 108:
220-227
Zhao W, Shehzad H, Yan S, et al. Acetic acid pretreatment
improves the hardness of cooked potato shces [J]. Food
Chemistry, 2017, 228: 204-210
Ng A, Waldron K W. Effect of steaming on cell wall
chemistry of potatoes (Solanum tuberosiom cv. Bintje) in
relation to firmness [J]. Journal of Agricultural & Food
Chemistry, 1997, 45: 3411-3418
Liu J, Wen C W, Wang M, et al. Enhancing the hardness of
potato slices after boiling by combined treatment with lactic
acid and calcium chloride: mechanism and optimization [J].
Food Chemistry, 2020, 308: 124832
AU R E o, S, T e O (L T e A O
DB G S ] E ol 47,2017 22:4247-4265
LIU Juan, LIANG Yanchao, YU B, et al. Screening for
French fries processing potato lines according to colour
qualities and texture properties [J]. Scientia Agricultura
Sinica, 2017, 22: 42474265
S, TR, 0 R oy e AL B ) T I e A )
Mg 4 & S R[], frin L kF1%,2020,2:258-266
HUANG Huan, WANG Shaofan, HAN Yumei. Effect of ultra
high pressure treatment on the texture and cell wall
polysaccharide content of fresh-cut potato [J]. Science and
Technology of Food Industry, 2020, 2: 258-266
T Ak ERUN T A T 0 S R AR B AR R
PO EEMA DR 7 B A5, 2013
DING Hongjin. Effects of calcium treatment on main
components and physiological and biochemical ndexes of
potato during storage [D]. Yinchuan: Ningxia University,
2013
Vo ] e, SR A G 3 A R L S S B [ A R
AR b 2R, 1991.4:365-368
CHEN Fahe, ZHANG Weiyi, WU Guangbin. Effects of
calcium infiliration on physiology and biochemistry of
fragrant pear fruit during storage [J]. Acta Horticulturae
Sinica, 1991, 4: 365-368

(4558 200 T1)



