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Abstract: The effects of NaCl addition (0%, 0.5%, 1.0%, m/m), and pH (6, 7, 8) on the color, rheological, textural, and microstructural
properties of mashed potatoes were investigated by using an electronic eye, theometer, texture analyzer, scanning electron microscopy (SEM),
confocal laser scanning microscopy (CLSM), X-ray diffraction (XRD), and nuclear magnetic resonance (NMR). The results showed that with
the increase of NaCl addition, the springiness was decreased from 81.86% to 79.40%, the hardness was increased from 551.72 g to 784.28 g,
while the network structure was destroyed. Furthermore, with the increase of pH, compared to pH6, the springiness was decreased from 81.44%
to 75.96%, the hardness showed a trend of decreasing first and then increasing, while the stability was decreased. The highest springiness
(81.44%) and lower hardness (528.84 g) were obtained for mashed potatoes at pH 6. Overall, the mashed potatoes exhibited the best processing
characteristics at pH 6 without NaCl addition. Thus, the study can provide theoretical support for the preparation of high quality mashed potatoes
suitable for processing staple and leisure food by NaCl and pH regulation.
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1 A[E]NaCl SHRIMEK oH M DREREIFHIF
Table 1 Effects of NaCl addition and pH on the color of mashed
potatoes
HH T L*
0 86.67+1.18"

UE a* & /Z b*
-0.844+0.04°  23.72+0.90°

/;;:g/% 0.5 86.05:1.40° -0.44+0.18" 2541+1.30°
1.0 89.11£0.51°  0.19+0.05° 22.27+0.91°

6  88.74+1.18° -0.72£029" 21.41+1.16°

pH 7 79.37+0.86°  1.67+0.38%  16.35+0.95°

8  7476£127*  2.04+0.68°  11.37+0.94*

E: B =5 ¥ RR 6B FE AT DA EIRE R NaCl
FmENIREZREZF (p<005) ; FREAMKBEFERTE
BERMEEE pH O TAZREEF (p<0.05) .
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Fig.2 Effects of NaCl addition (a) and pH (b) on static
rheological parameters of mashed potatoes
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Tabel 2 Effects of NaCl addition and pH on static rheological
parameters of mashed potatoes

23] n k/Pas" R’
0 0.57+0.02°  490.25+8.04*  0.96+0.00°
NaCl a b a
T I% 0.5 051%0.03* 605.88+10.22°  0.94+0.00
1.0 0.54+0.03* 549.31+44.01°  0.94+0.03°

0.53+0.03*  1020.20+28.18° 0.93 +0.00"
0.51+0.01*  461.44+9.79%  0.96+0.01°
0.53+0.02*  315.25+10.52*  0.97+0.01°

E: B3P RR 0B F AT LA ERGSAT FH
MR NaCl AAn 2 0 TR 2R F 49 £57 (p<0.05) ; FRIHIKF
FEEATLAZHEATFHFMM pH T ERFNEF (
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Table 3 Effects of NaCl addition and pH on dynamic rheological parameters of mashed potatoes

283\ LVRI% z’ k/Pa-s" R’
0 6.02+0.11° 0.2440.00° 2.98+0.00° 0.99+0.00
NaCl a b ¢ a
FBI% 0.5 6.10+£0.08 0.2440.00 3.20+0.00 0.99+0.01
1.0 7.97+0.68" 0.224+0.01° 3.1240.00° 0.99+0.00°
6 9.78+0.82€ 0.23+0.00* 3.2340.00¢ 0.99+0.00*
pH 7 4.90+0.114 0.27+£0.01% 3.01£0.00® 0.99:0.00"
8 8.63+0.328 0.27+0.01€ 2.99+0.00* 0.99+0.00*
iz Bl = KRR N EFREATLAEHSAT FRHMM NaCl RS R ERF 25 (p<0.05) ; REMXEFHETD
SERDESATFHMEpH G ERERE 2R (p<0.05) .
a 30000 w00% b 1000
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Fig.3 Effects of NaCl addition (a, b) and pH (c, d) on dynamic rheological parameters of mashed potatoes
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R4 FEINaCl RINE K pH XD $2EE TPA HISZNT
Table 4 Effects of NaCl addition and pH on TPA of mashed potatoes

kil HE /g AW tE/gsec EIEM/% AP Led B/ %
0 551.72+5431%  707.70£84.55°  6.98+0.56° 0.69+0.02°  81.86+2.78"
NaCl Fmm&/% 05 764.82437.80°  920.52497.78"  7.68+0.74° 0.69£0.03*  81.51+2.25"
1.0 784.28+43.84°  900.26+80.06°  8.59+0.59°  0.66+0.07°  79.40+3.05°
6  528.84+25.53%  761.20+45.78%  7.11£043% 0.69+0.03"  81.44+1.44°
pH 7 465.13£73.00%  605.29+7438%  8.96+0.78° 0.68+0.03% 78.54+2.65°
8 635.90+29.29% 687.78£90.09°  9.44+0.48% 0.63+0.05*  75.96+3.68*

E: B3 ¥ RE &N E TR T LAER TPA M NaCl R 2 )RR 22 F £ 7 (p<0.05) ; RRNKREFHEATLAER

TPA FE pH 69 EALZRFE £ 7 (p<0.05) .

HE 3c. d TLAVEH, M pH A6 B, SHEE)E
G'Fl G"Ee R, 3 NEIR, LVR B8 pH 138 hn sk
Ja¥Ehn, M 0.23 #9K% 027, k{HHH 3.23 Pa-s" Ik
/INEE2.99 Pas™; M pH N6, DAEYR LVR. k1
B, 0908 9.78%. 3.23 Pa-s", TiHI LA ERlERR
P TR . R ROATE A E T, i
HLFR IR, MTREMAER (R SR S ke R R
g%, JEFFREY 25 ILYE i ELAE TR VEAD -t
FRENSE APPSR, BEAE pH 38N (5.6~7.2),
HEY) LVR 8/, pH A 6.3 B fiffiimio R, HEk
SEERARE o

2.3 NaCl7n& K pH 544 Z R A4 i

A

T R A AR R, AR RN KRR s 26
BN AR T Ja R T IR s SRR T AR S R
SRAHIRE NI, HE 4 FTRAB L, BE NaCl dRhE
(N, R ERMEE I 551.72 g K4 784.28 g
[ 2 6.98%M8 KZE 8.59%, i N S K it T6 i
FHETAL (p<0.05), 24 NaCl HINEN 0.5%H, D&
BRI R K (920.52 grsec). AIRERIEEEAZ, £h
B0 s SR K o RIS, IR T IR T
SR, X5 A SRS AR A R 45 SR — B

(£ 5. B 6). Z=EP B sei, RN NaCl a]#
INRKIERD WS e PR S RN B, et
JRZFRIBEAE TRl A2 PTG R 2 )

BEE pH (8N (R 4), ARE VR IR B0 1%
ETErEas, FIEMHHE 7.11%HKE 9.44%, 7
PEH 81.44%[F(KE 75.96%, WM B EMAL

(p<0.05), 24 pH Ay 6 B THE 2 13 IR K (761.20
gsec). TRIKEELPNRIE, B pH (3~10) KN,
FTORIERBIIRE SR, BB BMERRAG. Jednikt
JRZIRIBAE P S T N M T R R, TE

RRVESEA, VM o755 HER AR g5, 3 b2
SRRSO, (R, BN,

2.4 NaClimE % pH xt B 44 2 J6 4ou 45 Ay iy

& 4 [E NaCl SRINE T DHELERAY SEM (a), CLSM (b) 334
&

Fig.4 SEM (a) and CLSM (b) images of mashed potatoes from

NaCl addition

B 5 FEpH TERAI SEM (a), CLSM (b) 13i#E
Fig.5 SEM (a) and CLSM (b) images of mashed potatoes from
pH
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FERIEIN (0%~3%), /N2 [HI 5 2 11 114 I 265 225 1) 1 3
B, SEROPTE. X TRERZ A Na™ Sk h izt
RARRL, PHAFUER 5 & E R0 A8 E.

Kl Sa. 5b AANE pH N LEZRMFHIIER, H
SEM FJLAEH, FERRME. i A&, SR
VEXIRETE IR EER; 1) CLSM LE7R, pH A 6 B,
LR ZRIEM T HI AR, EERS T8
WRTEGER 70T DI, 100 B SRS T 4 ST B I 285 425 )

R BRI . X BLRARGF IR 1 33
TARSARER LVR 5 ke ABKE pH. ISR MR
Lydia %275 pH %-Flg iR A 45 i B R L,

2 pH H1 9 B 5 I, SR BRI oW A A BB -

2.5 NaCliimE L pH B4 ZR A EER

IR AT RS B R

#5 AN[E NaCl FRIMER pH T DERERIK S D IRSHIFT
Table 5 T, relaxation parameters of mashed potatoes with different NaCl addition and pH

48 %) Ty/ms Ts/ms Ty3/ms A% A% A% KGEE/%

0 035+0.03° 5.74+028°  135.10+0.00° 1.69+0.08* 7.73+£0.03*  90.58+0.11°  60.16+1.19*

NaCl &/ 8/% 0.5 035£0.03°  4.82+0.00°  126.04+0.00° 1.27+0.18*  7.66+0.02° 91.07+0.16°  61.74+1.68"
1.0 040+0.04°  4.66+0.23"  117.56+0.00° 1.24+0.22° 7.86+0.02° 90.90+0.50°  60.09+1.47°

6  028+0.02% 4.20+0.00"® 102.34+0.00° 1.8620.39% 7.74£0.07° 90.40+0.32"% 61.07+1.14*

435+0218
3.92+0.00*

pH 7 031+0.01*
8 /

102.3440.005  1.03£0.18*  7.78+0.56° 91.98+0.125  62.45+0.67*
70.24+10.30* /

7.15+£0.03*  92.85+0.03°  61.49+1.01*

E: Bl ¥ RE 6B FEERDAFRAKS A RS NaCl Fan 20 RE 22 F £ 7 (p<0.05) ; RRHXEFHEATY

BIERASHARAM pH 9 T EREER (p<005) .
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Fig.6 Distributions of T, relaxation times of mashed potatoes as
affected by NaCl addition (a) and pH (b)
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S5 LSRN R OR, B/ SCH T 26.17% k) 3
14.28%. AT K LICl. CaCl, 71 Ca(NOs), A ffiA
SR R 45 0 P K AR S e R, Rt
ALAHERKT, NaCl I {E BN R A Rl FTH0ER 7
FHIAFHESY, RS Z RIS .
7 6 TEINaCl RINE R pH M BRERIEFERERE/ X
IF)
Table 6 Effects of NaCl addition and pH on relative crystallinity
and direct/branch ratio of mashed potatoes

£a R AerteE % H A%

0 17.6040.54°>  26.17£0.00°

NaCl N
2 14.32+0.00

HAE /Y% 0.5 11.22+0.43 )
1.0 1734028  14.28+0.01

6 243540638  33.46+0.02°

pH 7 238441128 2627+0.03"

8 20.78£0.44*  25.12+0.02%

#: Fl—3 o R 41 B F R AT BT RARR 45 &b A
H/F M NaCl g R 22 F £ 7 (p<0.05) ; R4
KB FHRT HSE A4 5 A A/ XM pH 9 RALE R
EEZF (p<0.05) .
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AT IREE / au.
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Fig.7 XRD images of mashed potatoes from NaCl addition (a)
and pH (b)
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SittaErE, MAMEHIN R ER ZREi, X ANF] pH b B EE B e SR B i — RS R )
UtBH NaCl XJHE i —REEAIAMER, A TR (K 8b. £ 7). IR 57t R pH
FU 7 A0, I et kB, B NaCl N N 6~8 I, M EERAM R TH RAA, Ui
EHIEI (0%~2%), HHEET o-BRiEfE%, - B2 R R A BT E
S RN, AR a BT .
R 7 T[ENaCl S7INE K pH X BEAEREA R _RLEMHIFN
Table 7 Effects of NaCl addition and pH on the secondary structural contents of mashed potatoes
283 0-233%/% BT &% BEEAI% AL /%
0 1639£0.16°  25.82+0.00°  46.33+0.35" 11.46+0.00*

NaCl Fnd/% 0.5  1430£022°  2625+0.52°  45.29+0.43° 14.15+0.64°
1.0 1443+0.08  26.40+0.88°  44.84+0.11° 14.33+0.08"
6 14.58+038%  26.69+0.28"  46.77+0.04" 11.96+0.05"
7 1475+042%  27.36+0.11%  45.68+0.22* 12.20+0.06*
8  14.56x0.14  27.03x0.25%  46.42+0.55" 11.99+0.14*
E: Bl =3 R 8B R E R T LAEREO R R NaCl Fhn B AR 2R F 27 (p<0.05) ; REWMKEFHERT
LAEREO R -ALEME pH HEALEREZF (p<0.05) .
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