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Probiotic properties of potato resistant starches modified by a combination

of organic acid and heat-moisture treatments
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Abstract: Some potato resistant starches ( AH-HMT RS3) were
made by using acid hydrolysis combined with heat-moisture
treatment (AH-HMT), and the effects of different types and con-
centration of organic acids and the starch slurry concentration on the
formation of slowly digestive starch (SDS) and resistant starch (RS)
in potato RS3 were investigated. The results demonstrated that the
starch slurry concentrations had no effect on the formation of SDS
and RS when the potato starches were modified by no acid combined
with heat-moisture treatment ( HMT). Compared with no acid-
HMT. the RS contents in potato AH-HMT RS3 made by AH-HMT
increased 21.89% ~45.09% . non-influenced by the starch slurry con-

centration. As to the improvement of RS formation, high acid con-
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centration was better that the lower one. The increased levels of RS
from high to low were ordered as citric acid, acetic acid, succinic acid
and latic acid. With the increase of RS content, the potato AH-HMT
RS3 had stronger effect on the proliferations of bifidobacteria and lac-
tobacilli and could promote more short chain fatty acids (SCFAs),
especially butyric acid formation. Therefore, potato AH-HMT RS3
had the developmental potential of a new probotic.

Keywords: Potato resistant starch; Organic acid hydrolysis combined

with heat-moisture treatment; Probiotic property
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PE. PR AT B 7R FF I AE A R & i CEUE M 2Lk D) 4%
PETFRAARRA IR PR . B8 W3R 3 R A FL IR ) — 1 34
A AR T A T B I s HEXE SDS RS M A A K kit i 36 25
DA IS BH RN SCFAs 7 2 1 52 W, LU 237 - S U8 B 26 25 4
R 1 FF 42 A1 B K0
1 #RLS 5%
1.1 #E5iRH

TEM : L TVER ) R EE R A RAE

BFEEF 3. 9.240 g NaHCO, . 7.125 g Na, HPO, -
12H,0.0.470 g NaCl, 0.450 g KC1,0.100 g Na, SO, ,0.055 g
CaCl, ,0.047 g MgCL #l 0.400 g FRZ WM T 990 mL ik
Zohwh .5 10 mL i T R W L& 36.8 mg FeSO, -
7H,0.,19.00 mg MnSO, « 7TH,0.,4.40 mg ZnSO, « 7H, O,
1.20 mg CoCl, « 6H,0.,1.98 mg CuSO, « 5H, O fil 0.17 mg
Mo, (NH, )5 O, » 4H, OJIR 4] 5

Ay B B 3k . TP % 4 8% 35 3L (Bi fidobacteria sp) Fl
LBS ¥R 35 F2 3 (Lactobacilli) , 2 Life Tech A ;

T B 4% % 5 . 400 AGU/mL, F+3Z Novozymes 247l 5

5 ALEE .20 77 SU/g, 13 Novozymes /A H] ;

T R 7 A B AL B/ SR AL B B (GOPOD) i 7
&5 . 35 [ Sigma-Aldrich 237 5

FrERIR L LR IR FATR CFLIR - BT 4% . 90 M B R B 2
A PR

At 50 3 2k o3 Hr
L2 BBEREGLE

Z GR35 % B T AR BGE & + T B &
T 500 mL HETE IR . 43 H0E) K b s TE R FL TEAR ¢ K
Fel:3.58 1 DL aaimANBER. 28R 38 M. 2L 4
Fi A HLER (0.25 %81 0.50 %, T3 IR &35 IR & Tk AL
WETRERER T 110 T 1 h, AHEER, HAELE
4 °C EFRBEH 12 h, B OCIE IR 8 77 B T 40 °C TR A A
Tk .2k 120 B RIS £ S HIHEE R (RS3).
1.3 RDS.SDS 5 RS & 2MHMNE

ZSCHRC12 A 14 0 5 3% B B F - BRI 50 mg &
SEBTEM B AR 15 mL B0 % B 2.5 mL % 0.02% B A
B.pH 5.2 BYFRIR — BE RN 2 vPIRIR &), T &2 37 °C, %
8 g MK « —JEMEEVA T 10 mL FRGvhih . F 37 CHE
10 min, 1 500 X g #0320 BN o JEM BB W . fH
FARTFE oV B BE VA TR PR A 125 p1(300 U/mlL) 3 #3425 b
i AR A B . 5 0 200 pL IR A EIKS 100 pL JE k) FLIK
PR A WA S . S B F 37 C A A 3R B KW (IR
35 mm, & 3 8P 4R 3% 170 WO R W R B 0. 20, 60, 120,
180 min, fIT A 96 %6 1 £ BEFE I 900 L 4l Ak it 15 1k i 22 1t
V. PLVEFE 4 CIA 1 h4 °C .5 000X g .0 10 min, ¥
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Grap—120 min I 7] %) B % & . mg;
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AT LAEE 5 RS3 iy RS & i, B 7 AL R 58 2o #2243k 43
TFBRAL o TR 7K i STHE VE S 18 43 3R TE B 45 4 114 308 X Tl
o= A Bt . W PAAL PR BT T 1 i SSURL 25 44 52 4K 1Y) VE R
H SDS T RS (& 0, 0 5 gk 82 X 4 A LR B T8 A il 2K
Aab B P GE Ry HEAT N A L v A AL L BT LLR B B i RS3 Hh RS
GEDT RER L IS A LR BG4 R A ML
—VR I E A AL PR TS 4 T ORS3 1 RS B A (54,96 % ~
78.64 %) #B i 25 5 T TR 1B AL HE Y (P<C0.0D) , Ui B A HLIR
—IAE G AL B TR #E RS 094 L. T HL S BE R LU AR
WL WX RS A B 52 ma A X B g 25 28 B )X + B RS3
RS A5 101 5% 0 A2 B AR B /MK KA AT B R « & TR L 3R TR AN

x1 ZTBRTWENE EHRLEL

AR, ZANR - AR S LA R MW+ G RS3 f RS &
S I, LT RE R R K A T A 1A A R R I K T
Aok A EHEVER R T AR A HER I L EE S
HEST)  EMNERRER AL B8 H8. 8 X
i HLBE— SCRE S T 22 8] B R AR B ORI B R IX 5 s
a9 B T K A S T EL A HLER 5 5 R 1 T8 KRR T
RETEVEN 43 T4 Z IR B0 7K L A7 HU bk i sc BR 25 4T
T34 5 ICRIR A AR L, A HLRR — IR E A b B RDS
R B (P<C0.01) , Tl SDS & ik A W (P 1 T 2 2 ik
DA THCBEFARR A FL IR A0 B , 7T BE 2 A MLER — 18 P A B 3
K RDS #i1/5% SDS 85 2 4t 4% 4k 5l 1 %4 98 1k B K fi B A7 i
PR RS, 7EH DLW E ARG F A B IR 5k £ B2 b B
G v BB T A LS A AR 0 RS 125 AL T B FA R 5 P B AL BB
L5 R IELF AR

Ei#E RDS.SDS 5 RS & &'

Table 1 RDS, SDS and RS of potato starches without and with acid and heat-moisture treatments %

A LR Ry B/ N T T Y A I FEB T OKFTRELE 10 8.5

B/ % RDS SDS RS RDS SDS RS
JoR 28.3041.06¢ 26.38+0.15" 45.33+0.43% 28.41+0.12¢ 26.5040.17" 45.0940.32°
FrGERR-0.25 5.15+0.23%* 25.574+0.21° 69.2940.37¢ 3.3940.03* 23.7440.19° 73.8740.31¢*
Fr & ER-0.50 2.59£0.09? 21.5040.14% 75.9140.261 2.4240.01% 18.94£0.08" 78.6440.60""
BEI1R-0.25 9.4140.71> 27.10£0.07¢ 63.4940.074* 12.1840.04"* 28.74+0.19¢ 61.0740.14°¢
BEIH1R-0.50 3.89£0.02 28.3940.28¢ 68.7140.53¢" 8.24+0.05** 27.7840.06¢ 63.9840.38¢
FLR-0.25 14.1340.54" 28.4040.36°¢ 57.4740.20"* 16.0240.11>* 29.02+0.25¢ 54.96+0.17"
FLAER-0.50 12.2340.31" 28.5240.18¢ 59.2540.11¢* 14.5840.08"* 28.58+0.24°¢ 56.84+0.26"
ZFR-0.25 7.33+0.03* 25.4340.24° 67.23+0.30° 5.81+0.03% 25.1240.19" 68.8640.401
Z1iz-0.50 4,40-£0.02° 24.1040.17° 70.50+0.24°¢ 3.124+0.01* 23.6140.04° 73.2740.53¢*

T bR R R R S B B W A 22 e (P<C0.05) 5 R[] Bl AR e 5 L AN ] 3 b 5 ik 9 [ S 9B A i LA R M R e

(P<<0.05),

2.2 MEEEMTL

RS 7E AR M A RE B (R B0 o A 4 e e 4 5 B 4%
Fob Ao A 0 458 PR AU TR AR W W e A L™ A AR RE T T
AR B EME Y R RER G L R 2 T, s
L 0E AR FE . TR — SR AL BRI 45 5 RS3 X XU R 5 5L
PR AT T AT 5 2 ) 38 9L 1 €0.01<<P<C0.05) L HAT LR — 1B 44
S AL TS 1§ RS X E AT 3 5 AR S O 3 (P<
0.01), H. 3 Bl 3% 58 4 1T Bl RS & & 38 Jn ifi 3% 58, 5 Wang
SRR B, KR BFLBRAT 5 SUBR B R R B A T
Ho 2K A Tl 2 10T A RE PR U » AR T - 52 RS3 A4 A TH AL B 43 2
ONER e 7B N A o e DN N = 1 /5 | o 1 N1 1 S
T ARG R SR IR Y A TEVE 20 AR LG I ELAR B A T Y
AT T R S B 5 Ah — S 2 T RT L AR RS3 A4 R AL )
LR A SRR FLBRAT T A0 SUBERF B8 119 A 1 55 B0, AT o 3 M
A
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RS F B A 5 AC i 7= 4 A2 K6 5% I i BR (SCFAs) LS 1k
(CO, .CH, .Hy) Fi#k i, SCFAs X 15 3 fitg 7= 4= & % (1) 4= B
VT 0 A M P pHE AR 0 ™ 0 IR W WA 0 2 45 1 P R %
AR5 7= oy AR R A A B DL B ik 3 K T 0 A A B A A
ZEltemesl e SCFAs H, TR 2 K M 4t it 1 5 1Y g 4k ofe TR
FEA 1 Jo i 40 L R B KD . A5 5 RS ik SCFAs A 7= 5 it
I W R R O A B BF 5 AR 2R T L RS AR Sk o — B PR X T
B2 A A A AR R A R R T2 3R 3 T, a8 ) R AR TR A
R WAL TR P R R — B AR AEARK O (P>0.05) H AT A HL
i — ¥ AL B T A + 5 RS3 1y i — BRI Bl RS3 A1 RS
RGN AU B KT B3 TS B B(P<C0.01) L T AL
HIAO~12 DRI C MR TE K B )5 W1 (24 ~36 h) B & W D
(P<<0.01) . [ i R B 5 0 T R K T 9 B 35 4R 5 (P<<0.0D) . 3X
Segh 5 O SCERT T R R — B0 .
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Table 2 Changes in bifidobacteria and lactobacilli counts during fecal batch fermentations Ig(CFU/mL)
1 LR p— TER D OKBTEL L1 VERY D KRN 1D 3.5
s BN
HeRE/ Y 12 h 24 h 36 h 12 h 24 h 36 h
- WIEFEE  7.7540.128 7.0940.082 6.88+0.102 7.4940.132 7.2040.092 6.7240.05%
23 X Jiis)
- AmH®E  4.15+£0.062 4.0940.012 3.88+0.014 4.08£0.054 4.1470.034 3.93+0.024
- WU AT B 8.3840.05" 9.1740.13b 8.55+0.03" 8.36+0.21° 9.3540.14" 8.87+0.16"
ARHE  5.05+£0.028 4.9740.078 4.35+0.058 5.030.088 4.85+0.068 4.2740.038
- WUEFFE  10.4640.09¢  11.1840.11¢  11.6740.16°  10.69+0.43¢  11.2740.35¢  11.884-0.19¢
TRENR-0.25
FLERFT 1 6.324+0.10¢ 6.9540.03¢ 5.9640.10¢ 6.6040.09¢ 6.9740.07¢ 6.0640.04¢
N WIEFEE  10.8740.42¢  11.634£0.17¢  12.1640.50¢  11.0540.26¢  11.89-£0.39¢  12.4540.32¢
T E-0.50
FLER AT 6.6840.03¢ 7.1740.08¢ 6.3740.31¢ 5.3840.07¢ 5.97+0.04€ 6.0740.09¢
" WIEFEE  9.7640.21¢ 10.1740.34¢  10.3740.62¢ 9.90+0.33¢  10.36£0.28<  10.5040.56¢
Z.1:-0.25
ABF®E  5.97+0.14€ 6.0140.18¢ 5.35+0.33¢ 6.14+0.04€ 6.27+£0.03€ 5.48+0.14€
“ WUEFFE 10.1240.18¢ 10.5540.09¢  10.8240.27¢  10.36+£0.29¢  11.02-£0.18¢  11.694-0.39¢
Z.1#-0.50
FLER AT T 6.0740.09¢ 6.4840.03¢ 5.59740.07¢ 6.3140.10¢ 6.8740.03¢ 5.844-0.01¢
_— R HF B 9.30+0.06¢ 9.85+0.15" 9.94-+0.18" 9.16+0.07" 9.58+0.04" 9.61+0.17°
H1{%-0.25
" AMIE  5.63+£0.028 5.7140.048 5.0240.098 5.3340.048 5.3140.018 4.8840.038
- WG AT P 9.8940.15¢  10.2740.23°  10.414+0.45¢ 9.36+0.12° 9.90+0.16° 9.9740.27¢
H1{%-0.50
" A 5.9440.06¢ 6.034+0.05¢ 5.364+0.02¢ 5.7040.03¢ 5.94+0.09¢ 5.1140.04¢
"y WIEFEE  8.9340.10° 9.3240.09° 9.35+0.19° 9.05+0.02° 9.21+0.30° 9.02+0.13P
FL.#z-0.25
ABF®E  5.36+£0.048 5.4440.078 4.87+0.088 5.084£0.068 4.95+0.028 4.3740.058
- WUEFFE 9.18420.31° 9.6240.16° 9.7040.27° 8.94+0.11° 9.244+0.26° 9.3040.07"
ALER-0.50
FLERAT T 5.4640.088 5.6140.08" 5.0340.068 5.0940.098 5.03+0.058 4.610.028

T ARG R R ) 50 B BB AT T B 3 M 25 5 (P<C0.05) 5 AR K T8 3 [l 51 KO HiE 3L R AT T B k3% 1 22 5+ (P<<0.05)

R3 AEEMOIMEBIEPZEBRE THRATHL
Table 3 Changes in acetic acid and butyric acid during fecal batch fermentation mmol/L
A HLIR . VEMY L KBTI 101 brick ) N O = ol A N

WHE/ %% FBER 12 h 24 h 36 h 12 h 24 h 36 h
S LR 18.53+£0.17¢ 13.95+0.18% 12.38+£0.63% 19.16+0.19° 14.5140.20* 12.0940.37*
TR 1.25+0.064 1.84+0.024 3.5840.05% 1.2740.014 1.90£0.044 3.6240.05%
. LR 51.9240.23° 48.3640.374 35.6940.354 51.380.46° 47.8640.42¢ 36.5540.314
R T 3.53740.058 15.67+0.058 20.9240.17"8 3.7240.058 16.31£0.118 21.4840.13%
N . LR 74.1940.10¢ 28.68+0.14° 18.1340.12" 77.02+0.61°¢ 26.3340.30° 16.4540.14"
0.2 TR 9.4540.06" 37.0440.18P 46.7540.35P 9.9340.05¢ 39.3540.23P 48.16+0.36"
P E0-0.50 L 78.4240.39¢  26.0140.25>  15.6340.09>  80.19+0.57¢  23.68+0.12>  14.05+0.12°
T 10.60£0.07P 40.6840.28" 50.5240.36" 12.37+0.08P 42.9240.39P 53.1840.45F
n _ LR 65.1540.26¢ 34.7640.36¢ 24.8640.17¢ 67.46+0.53¢ 31.90+£0.15¢ 21.07£0.13¢
CR0.25 TR 7.43740.04¢ 29.0840.42P 38.9340.26¢ 7.9840.05¢ 31.6340.07P 40.124+0.35P
Lo IR 69.7940.67¢ 31.0640.18¢ 20.6440.15¢ 71.46+0.62¢ 30.37+0.14°¢ 18.96+£0.05"
cR0.50 Tz 8.4940.02¢ 32.3540.33P 41.454-0.33P 8.9740.03¢ 34.6540.18P 44,1840.35P
L . LR 58.38+0.15" 38.4740.24°¢ 29.9340.18¢ 56.5440.47" 40.6640.35¢ 31.724+0.15¢
JRAI0.20 'z 5.16+0.01P 24,3940.13¢ 31.4440.16¢ 4,9340.04" 22.4840.16¢ 29.9240.08¢
o LR 62.9440.28° 35.4640.09¢ 26.0940.23¢ 59.6540.45" 37.19£0.25¢ 28.17+0.16°
JRAI0.50 TR 6.96+0.12¢ 27.3540.16¢ 36.7840.17¢ 5.48+0.08" 25.6340.19¢ 33.1540.27¢
R _ LR 55.4340.54° 44,0340,234 31.6540.294 54.06+0.47" 45.3740.314 33.8640.184
ALRE0.25 TR 4.6140.038 20.1440.19¢ 26.3140.078 4.53740.058 18.74+0.16% 24.1940.06"
o . LR 56.194-0.29° 43.8040.21¢ 30.3740.11¢ 55.7840.43" 44,6540.38¢ 32.2740.194
L0950 T 4.7840.02° 21.7340.17¢ 28.3640.24" 4,5940.03P 19.91£0.13% 25.6440.22"

T B ARNG FEREFROR RSB £ R B 2 R (P<C0.05) s EARK S S8 3R [R50 80 T e 2L A 3% M 2 57 (P<C0.05) ,
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R RS 19 &, B 4 B A HLER X RS A 5 48 T i B K
NP AR AT E TR - L TR IR FITR A FLIR . [ b 2 B R B
AHR — M G A B 25 1 £ S P vE R B RS & Y
T REAE AU S G A D RS A NTTER T AR E
BAMAER B SCFAs & &, A8l T - % AH-HMT RS3 )
it AP AR N AN TR A MR F AL SRR 3E RS Az RS X IE A 7L
e B R AR SR AR — BUBCE BT A 56 T £ 5 RS3 (1R
AR 432 dn o] 8 0k B B R AE KB AR W EAR SRR . T 5 W
BRI WL A
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