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Abstract: In order to explore the oil reducing mechanism of sodium alginate (AG) and low methoxyl pectin
(LMP) on the fried sweet potato starch, the oil content, distribution and thermal properties of fried sweet

potato starch with 0.5% (W/W), 2% (W/W) AG or 2% (W/W) LMP were investigated by low field nuclear
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magnetic resonance, confocal laser scanning microscopy, X-ray diffractometer, Fourier transform infrared

spectroscopic analysis and differential scanning calorimetric analysis, respectively. The results showed that

the total oil content of fried sweet potato starch significantly decreased with adding AG or LMP, while most

of the oil was distributed on the starch surface. The crystallization pattern of fried sweet potato starch with

adding AG or LMP changed from A+V type to V type, as well as the gelatinization enthalpy and relative

crystallinity significantly decreased. The fried sweet potato starch with AG showed an obviously lower total

oil content, relative crystallinity and gelatinization enthalpy than that with LMP. The fried sweet potato starch

with 2% AG exhibited the highest gelatinization degree to form a continuous and dense lamellar structure,

while showed the lowest total oil content and surface oil content. The result of this study could provide a

reference for processing the fried starchy foods with low oil content.

Key words: sweet potato starch; frying; low oil content; sodium alginate; low methoxyl pectin; microstructure;

oil please distribution; crystalline characteristic

o ] 4 8 A R S e s, A
FEl A DU B Vet H 2w ek . 2. B-
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IKIEARZEET . Chen Z5PHE H Y w22 Tk
F/INZE B B HL B, AT ARG AR fa e il h & &
Horr, BSMGE K B SE —Fh il . 2 aenyisim
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HZEJEH (sweet potato starch, SPS), HA%E
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WIS HERR Y ESA R 117, B F5WA
TR ERA R A ARH FH R (low methoxy
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L= ARA R Sk, B ARGk
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TCSSP5 i ot 3t & £ B 1l 5% (laser confocal
microscope, CLSM): 7 [E kKA A BRA Al ;
DSC1 I 2% 7 9 $f 7 4 {% (differential scanning
calorimeter, DSC): i LA H-FEH] 2 /A w5 D8
ADVANCE X S5 (X-ray diffractometer,
X-ray): {5 [E S 55 AXS ARAF; iS10 148
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HLJE 5 S0 W) 5 DF3SA KRR : FEMT 515 5
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13 EWAHAE
131 JMREVERRE i il 4

£ M Chen 251N 5, BRI S g H 2 vek
2K G, VT Ko R BN H B TER 1)
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(R R ER ORI IR A 170 CCISERFIM R, IHAE
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B HCN 0.5%F1 2%, LLH B TER T 45 100%1 T,
TR ) F1 LMP KW (LMP B 5350k 2% ),
HAE EIAPIR, BT 2 IE N FS+0.5%AG
FS+2%AG . FS+2%LMP, FIFI % & 55 i 5 1 43
BRI R JZ I B i 70 E . TRESC IS5 R K 2%AG )
A H R FE R ISR I T 0.5%AG, FTLAA
3G AL 2%LMP 5 2%AG X HL A58 B R SR K i
Aty ) W AR

501 FS, FS+0.5%AG . FS+2%AG. FS+
2%LMP RMAERES A 3 A5 AR ER B 47 Il ik -
FABFEEFRE S min, Bl LR, EE 3K,
UIETEIR T THE2EE, g, o 100 Hif,
JEIH IS BORE 4352 FSPS. FSPS+0.5%AG
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WA BOCIERE B . 45 R R EE T
132 BB Ea E

THE TE A AR i S I B R A B R
RIS i 1 S S BT i 3 8 (Cr, mglg) o SR
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MR R 32 °C, SERFFFERTEISH 6 000 ms,
Bl 75 YK ECH 6 000, (195 ASTR] R 0.25 ms, H&
i 32 Yk, TSN TR B SRR I R st R4 . LA
A5 TR B P AL bR, SRR oT i by 1 A
br, LA ERZL T y=0.074 3x+
7.807, R*=0.950 5,

HERR AR B YE S5 9T B9RE mo( 1.00+0.03 )g,
P LR TTIL DN E RE S R 1) TR, T SR )
stb P B, AR R o 1 R R A R v SR
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FEM Y Cro
1.3.3  3RJZh BT L 4 H0

BE R 2N BT R SR S BT 2 Lo R R
38 ( Cs, mg/g ), FHillsE 72 1 Chen 251
() ATR-FTIR IR MUAE M, HERFRI— & 53¢
FEIHTEE T 0 i Bk T 1) A [ J5 o - 5 9 S A
Tk W, f# ] ATR-FTIR R85 SR AT Bk
WILLAME S o 1 743 em' AL A IGAR K38k . N
B, DAL 743 em AbSEAT I A T BUR YRR
DASERFI T i A BON B A AR, R RSB A A
ik 7. y=0.218x +0.003 4, R*=0.990 3,

BOGE S dER W T Re s, (I ATR-FTIR
RAERERIILTAME S, T 1 743 em MR R
L, TR A 2 R e it v %) 2R 2 i B A 43
# Cs.
1.3.4 HiE T B

T 250 1 FE 5 M 5E 2% Wang 251
7 R B . K5 FSPS AR SRy oK [ E 16
Wi BB G L, B L — 2 e,
T 5 KV IR TR 5 000 £ UL KEGE # 1Y
FMIEH
1.3.5  BOGHRE BIME LR

FBELHI 1 g/mL JE % 21 L W WO FSPS
WEMFERMP A, T 4 CHRAAE 12 h, & 3
500 r/min 5.0 15 min, FriSUTHE H oK S BER4
3R, EBRZRMGEL KR E T
I, FHBOEIE R A B BT USRS il 4 A
Wk WKl 488 nm, JOK 200 £ %L,
1.3.6  HPE ol &

W yu s, fERAERIULT,
FH 22 735 4 A AV SCIN 7 3ol KT 2 0 oy 1 R I




305 2022 F &3 H

.
WAL

RaellT

ERRIFR & 6 mg FSPS JEMHE i £ 40 uL R4,
A 12 L ZEK & B, =R T Vi
W, UsEHIRE N2, P10 °C/min A
FEXFESI M 25 CCTHRZ 130 °C,id 5% DSC il
F I ( STARS Evaluation software ) it
AWRGIEE (T,) . WEERE (T,) . Xk
WEE (T.) Fifkss (AH) F38
1.3.7 45 SR PR I

%% Zhang %754 ) X-Ray Il %E FSPS
VERYRE S4B . X-Ray 9 T4 H R HL 0 43
WA 40 kV 140 mA, WIERIE N 25 °C, Hiff
TWHIN 4°~40°, H#EAEA 1.0 (°/min ), HE
X-Ray A5 &I, FH4S i DX T AR5 R AR L (EDR
THEER AT 25 i FE (relative crystallinity, RC ),
14 HESH

KA SPSS 17.0 1 Origin 8.0 #4744 A1
UG A b 35 43 BT o 508 LA S5 (E 45 1 22 1 B 5K
278, A LSD 1 Duncan £ B LR M A ]
AR S ] Y 25 5 B e (P<0.05 ),

2 HERE5HWH

21 BEHRESH

LF-NMR & & —F s 0 23 A i i v i
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G Bt P M SEAT I A AR (TR 1), HRIE S
SERFI TR R E F
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U TR KETE R S R, AN TRV ) ot 5 e
H Cr P& T 13%~35%. Chen Z5BHRE R % &
> ZZ WA R VTR TR B & &, Oh 4R
HRE AR IR RS T R I . R
i AG BB 0.5%THE B 2%0, Cr AR
T 22%, ULEHIMAERERR R AG BT RS ELRE
B RAMFTER I . B AG Tk R R T
) LMP B, FS+2%LMP i Cr Hb FS+2%AG 4 in
T 25%, B AG 0K A WO AR T
KRB Ve B W, X AT REJE B T 2R K
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B 1 AR ) SE R UKL N ER 1B 8, WD T Il KR TE
¥y '™, 5 LMP M, AG HA E LRl

W T 455 SR U0 T RE S T AR ) B e B AG
LMP A, AG MRNERGE, H AG WS,
B, MBI PR RE S TR, Y
7 i R B0, 3 B H T AR ) BELA 9ok 1) A R
WERB B BE ST

IREE R, RN SE K AT LA ] I
1L RE R E R AT A, S RIROR S SR AR R A
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400 —e—FS
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—o—FS+2%AG
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Fig.1 CPMG proton distributions of FSPS
with addition of AG and LMP
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Fig.2 Thetotal oil content and surface oil content of FSPS
with the addition of AG and LMP
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S VEstos%aG Y
FSH2%AG ¥

) TEIRAS ¥
N VFSH2%LMP ¥ Wv\ fv\t

3800 3000 2200 1400 600
WeE/cm™

B 3 miEEEEMERMLINEE
Fig.3 TheATR-FTIR spectra of FSwith AGand LMP
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A 2 AT KR T A 1 R JE I B i WS INAY SRK
Ji2 A L AE VE R ORI AT, Bl T UE R S5
fil, T AESERAR Cs Y T2
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(9 2R 2T 2 B A U6 BH VS IR 7] 53 i 2 50 AG
M LMP, AG #0Hih 4 H ey 2= 2 MamaiOR o
I, X5 AG WIRINEEE K . WoKRE T FIHFK g
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N, B IEVER RS, Cr/Cs 2978 80%
CEL2), Ul B o A v JE A IR A P el S 22 50 AT
TEVEM 2, Moreir 25V RE & B AR S5 4% 2 Fr
(1922 )20 S BT e Y LA AR

RS, W KE R, YER Y T L
FEH I R 3 o BRI SE K AR5 T AAEE M 322
TE ECR AR, Bl T I R A ) U

MERZHBA, NIRRT 3k R ZE & &,
23 WMEH

FH HL 8 T UL £ i T S 5 AR
FEBMN AR i 4A FoR, wmdEE, H
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S R R T K o R 9 i 1 L O A TR U o
R JE B, A OR[N AR R 452 iR sk
IASE, MR AZ M, W AG FissrEL
H0.5% M KE H B Ve Ky, SR TE R BORL, %
G T BT 1 IR 245 44 7 =5 A DE By R 3R 1
TR PRI IR AT B S 10 . R 8 2 Ak 1 FOIR Y B
KiAETE(1E 4B ); $25 AG BB E 2%Jm ke,
WM LT-5Emifh, BokiEk, BiEs. HEN
SEFAC I 4C ). TR AG B4 Ry AH [R] J3T 3 4341 2% )
() LMP B, Yl 5 Hh A7 B I 7 A Rl £ T A3
ki ([814D) o XU, 4 AG MRnE, 21
HEVHRE H v ik, AR L LMP, 3 nAH TR
Bt 4 AG AR TH s ik, T2
— J2 S U BRAR S5 1 7 55 AR VE R ORL R T, X
A BB T KR H S5 5 i s AR B A

AW

A: FSPS, B: FSPS+0.5%AG, C: FSPS+2%AG, D: FSPS+2%LMP

B4 PAEBFERENZMEHERMRERIEF(5000x )
Fig.4 Scanning electron micrographs of FSPS (A),
FSPS+0.5% AG (B), FSPS+2% AG (C) and FSPS+2% LMP (D)
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WA AR ARAEY, 15 o, RSN SE KRR 1Y
HEWEMIMIES, 2OtmsE (K SB) , E500
L TETE B ORI I, 3X ULAH FSPS % it R
[ = R s € 28 T v TR ) | B N NG R
RRAR T H B0 DO B, U T 2Ot A
X3, FSPS+2%AG (&l 5D ) M#tomEis5, Wl
KRR 3 A A3 5], BARIUR R A AE D
VR TABIR/AN I SE 50, (B FSPS AL,
TSGR WA JEEIEN, BRZEE
i R, X5 R 2 R E A s —K

AT EIREE IR UL, WMCEK AR AG FN
LMP 5 2 FEAR T I KETER (09 & i, R)Z o1
Wb, AG MEIMBCR I W, $Em AG &

AT DA — 204 o LA i W 28R, D S e 4
TR FRZM S . Chen ZPWF 5T & P66 22 Zp
TRV J 459 6 AR AR 7o e ol R v A e il A W i, 3
Al AEJE R A BEE i R oK ST B, 3R
KA 2 T s I DUR T e Ry R R T, T R —
LB O WA <004 e ey 1% Y A
W Z B LA B SR AT O s A P BE R T
AG Fl LMP (E g #F 7 I fe o 7 b i S 0E k1)
Witk ff ELBEVE MY UL IR R L5 K, A S 5
BeE5 68 BEM -IR 51, 4340 TR . )
Hb, LMP A B &G GUKEER, kg, #5
LMP (15 7K 3 A 5 € ¥ 43 38 28 6 K A B AR
ERE Y, WAEHE TR NS 2,

A: SPS, B: FSPS, C: FSPS+0.5%AG, D: FSPS+2%AG, E: FSPS+2%LMP

E5 HAHREERBEUZMETEEMHBSHGRE (200x)
Fig.5 CLSM analysisof SPS(A), FSPS (B), FSPS+0.5% AG (C), FSPS+2% AG (D) and FSPS+2% LMP (E)
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TR AG B LMP J& , B b5 A8 5 5 Fssi £k
SEAE T B FEA% . 5 FSPS M I, FSPS+2%AG Fi
FSPS+2%LMP ) T, 73 3IF&(% 1 1.75 °C.1.03 °C,
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Fig.6 DSC curve of FSPS with or without AG and LMP
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KB, USSR )i K T K TE K A X 4 i R B
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Fig.7 The X-ray diffraction patterns of FSPS
with the addition of AG and LMP
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