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Resear ch on Processing Technology of Potato Pulp Steamed Bread
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Abstract: Potato pulp and wheat flour were used as raw materials to make steamed bread, and the optimum
technological formula of potato pulp steamed bread was studied. Based on the results of single factor with
specific volume and texture as indicators, response surface test was used to evaluate the quality of 30%
potato pulp steamed bread by using specific volume as inspection index. The results showed that the optimal
process parameters of potato pulp steamed bread were as follows: yeast addition 1.1%, fermentation time
70 min, sheeting time 12, fermentation temperature 35 °C and proofing time 19 min. The specific volume
of steamed bread was 2.34 mL/g under the optimum condition, and optimized steamed bread was
significantly improved when comparing with control group (2.02 mL/g).
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T, 24 32 (Solanlum tuberosum L.) X B b + 5,
NG/, WEESE, BUR/NE L KR, BRI
FAEVEY), HRTA 150 £ FE 58 FH X b,
Ho B Ak 2000 275 hm?, s BAT 5
WESME, S&ER. BAR. fEZ. 7Y
i, BEESREMEMmEh AT, =4 MY
ZET CHFIERT BT SEmPe, o
FHWEATE TE2EAN, SHEAR . AR .
HRTRYE 8 P T Z M, Hh A & 2
TR, 5HANR YR E RS B AR ]
DR B AR R A B m v D 8E B
TR s Akok AL . P . AMTAS 0L . 35 A
B BAIE . BT I T B D R

LR EAA F 5 1 E R E S e R X
RIEEEFRATFARROEE, NS RIFEDE
AR RIS L EFE . S TN VE
ERZARNERT 2015 448 ek DR 2 a0
FF& , 2020 4EFR[E 454 i H 50%0 B4 AR &
FrAEAT I Mk, Bk Z TR AR R
FU 9] 1) Eh 5 S A B VR I BN R R SR S
A HHR T DA B AE , DA 5k
AEARTH A E A AR, BHAR T B A AR
FIR, R AT R 4% 2 A i Jrop 2

AR SC LA 4 S A SR Ry A S S Y TR
N T T AT, B SR RS
LM TS50 o A R RS N &
RWEIREE | KW E] . PR Ak . R A I )X 2
kb BRI RE MR, I DL L2 R 25 A8 b o i 1 T
AL 30% b8 AR B Sk M RAE T 238, M
1717 A 3 4% 2 A 0 Sk B R
1 #MRlERA=*E
1.1 SEIgsrRl

N R (K& 11.1%, BEERSE
9.5%): I 2Bk ST ELE: %
R R A IR A F] ;. B R RPUIN AR . FBIH
RAYFRHE A BRAF

2019 AFSCAR R4y BT & | (g BRI S8 BE 1) 48
= AR 65 ): MARDEE LA R
NF TR EE SR DR E AR KR,

FREFEHLTFTH 2 min FEHIA 0.29%0 50 i B2
(wiw ), FRA 0 e A INK 5 . A5
“h 80.8% 71 1.8%, Eh4% B A SR AE i FHHRF K 43 1A
%% 81%.

12 UE5EE

BRF-18C M2 &4 : | N & v jg FH B & il i A
BT, M400 ERFAL: rfili i dy Fe s 454 FR A
A MT140 JETEHL: EHE ZEVHARA A ;
TAXT.plus B BT#4{Y : 3¢ [E Stable Micro Systems
NHl ZUIReR A ILRME KA R AFL,
1.3 XWHE
1.3.1 RIS L &

30% S HAESKIB L MEL A I . 90 g B4
AN, 210 g/hE Ry, G EEREF] 60 mL K
BT A Lo ATIR G I 3 min JERUmi Al . 4K
Je B A TR 32 CCRIAI XTI 80961 i &
R e T R . f R BETH AT 7 R SRR
B Hr BOE Y FE A 100 g Y T AT 8 T AT
AR A LB, 7E 32 °CHI 80%AH X (i i 4
FhEER 15 min J5, 1830 E TR 7R
20 min. BIZ L2 1F T RIVER 18 SR R X B
FEPR AT Z 00, RS AE IR SR AD 1 h,
1.3.2 HRREERLK

1545 K R 1] ( 60 min ), & TREIR (32 °C ).,
JEHIRE (7). BEEB] (15 min) AAE, Z4r
fE RN (0.6%, 0.8%. 1.0%. 1.2%. 1.4%)
Xof 12 Sk i IO R

PREFREREAN I ( 1.0% ), KEFIRSE (32 °C),
FEERE (7)., BEARTTH (15 min) A28, Z4
K EERTE] (30, 50, 70, 90, 110 min) i1 3k i
JR 5

TR EERE IS 2 ( 1.0% ), & FERSHEI( 70 min ),
FEERE (7)., BEARH (15 min) A28, Z4r
KB (27, 30, 33, 36, 39 °C) Xfi&k i
J 5

PR FFEERE AN 2 ( 1.0% ), & RS E]( 70 min ),
R (33 °C). MEARTE (15 min) AAE,
ZARH B (5, 8, 11, 14, 17) X8k 55
p=A1 18
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TRFEBE RN N ( 1.0% ), & BERS E]( 70 min ),
KR (33 °C), FRmEkEk (11) A28, H4
M ZEFE] (10, 15, 20, 25. 30 min) XF42 3k i
TR R
1.3.3 W) T SE B

MO E L 45 R, R Centra
Composite Design ( CCD ) FLE A 5286, £
RERINAE . REERTR] . R BRI R TR BRI TR
KRR SEEG N2, LISk A bR, SRR
K2 K R IEAC LA AT S5 50 . IIE K
PR 1 FR

1 THRERERKFERFEE
Tablel Experiment factorsand levelstable

#
K
A% B/min C/°C D E/min

2 0.70 50 30 5 10

1 0.85 60 32 8 15

0 1.00 70 34 11 20
-1 1.15 80 36 14 25
-2 1.30 90 38 17 30

W A, BRI ; B, KMERTE; C, KBE; D,
FEERE; E, BEAME,

Note: A, Yeast addition; B, Fermentation time; C,
Fermentation temperature; D, Sheeting time; E, Proofing time.

1.3.4 183 i A I

18 3k 1) He 28R 0 ol JRUBE T S5 4 i 1y /oK
B e . A LL mLig R

B8 Sk 1 KA R LA L L P SR T N ] AR
W 2R HITC 25 5 kg AR AL IR A% 1Y TA-XT2i Bkl 43
B T8 Sk Ho AR VT A 2 em 918 3k 151 5
o BRI A e S H & . A P36 45
o, B TPA; MEREE N 1 mmys, AT
BN 1 mm/s, RS R 2 mmis, 4R
A 50%.
14 BB

%114y M R 1 SPSS # {4 # 4T One-way
ANOVA L)} Duncan £ % , P<0.05 %7~ A [ #6 5
HON ) R R A 22 S 0 5 o g T L5 [ 0
J7 2% JIl Design-Expert 8.0 % {4 #1743 #7 ,
P<0.01 F/R B 350, P<0.05 FIR &M,

2 HERE5HW

21 BERXWERSH
211 PRERRES I X 1 Sk i 5T Y5 e

FER 2 159, BRSNSt (9 15 i 0 Sk iy L
5. RIS AR SR NS e
X W BR VR 0 s ok /0 Bk 22 AN T8 K 4
JoT o R et A B e 0 1 AT A A A T 3
1Sk B A /N, TR BRI 2ok 22 e 2 S 350 AT
P ok B, I A e A D 2 R R A 22, 1K
18 3k 5 R B sl 4, DT 2 i 12 S e 4 7 5
MR R 1.0%M I REA I, 183k LA R
JR R R P s 1 )

Ny

x2 BBRNMENDRELERELRTHZMN
Table2 Effect of yeast addition on quality properties
of potato pulp steamed bread

RSN S

BHLPR g i
mEos  (mijg) LS, MR [] 52 1
0.6 1.64+0.05° 0.80+0.00° 0.71+0.00° 0.26+0.00°
0.8 1.84+0.06" 0.84+0.01° 0.72+0.01*° 0.28+0.01°

1.0 2.15:0.03* 0.89+0.03° 0.70x0.01  0.33:0.00%
1.2 2.02:0.06* 0.87+0.00° 0.68+0.00°  0.31+0.01%
14 172+0.02" 0.85:0.01° 0.670.00° 0.30+0.01°
e F—FIP AR T HRR A B EZESR (P<0.05).

Note: Different letters in the same column indicate significant
differences (P<0.05).

2.1.2 SRR E] X1 S 5T A5

H1ZE 3 BT, MESKAgLLA . . R
L ) A2 AT it A A T P ) ) 3 o s £ B 56 58 s
W BRG] 32 Bl o i AT e A
AR (97 S DL RS R B A 2 A AR R i 18 2

x3 RENENDREERELRRNEN
Table3 Effect of fermentation time on quality properties
of potato pulp steamed bread

3] !

Wmin (mL/g) i HER T [l 52 4
30 1.73£0.02° 0.84+#0.01° 0.70+0.02° 0.28+0.02"
50 1.84+0.03° 0.89+0.02® 0.71x0.01® 0.32+0.02°
70 2.17+0.05* 0.91x0.01° 0.73x0.02° 0.36x0.01°

90 1.86+0.04° 0.89+0.01% 0.72+0.01® 0.34+0.01%
110 1.80+0.06™ 0.88+0.02° 0.71+0.01® 0.33+0.01%
e FH—F R R F AR R BEME2S (P<0.05),

Note: Different letters in the same column indicate significant
differences (P<0.05).
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f it SR o TN v 5 s S B B P B R
B, MELUB RIS 2 LIS, 2 sk LR L
K TR RN o BRI A Ak 8 2 (o 1 7 ok 3 A
S0 T ] B A, S0 Sk S B O P A R
A, SEE kSR T, R EIZE 70 min
ZEAE, 18 A T AR 1A B R
2.1.3  SRTEEIRLIE X8 Sk 5 A B i

2 4 ATAE L Legs . s . IR R
BRI B 1) 1 v 30 S 5 b R e
A2 N R I A W25 (P>0.05), &1k
() A L B 2 B B i AR R R G, {0 T A
Hp A A5 /D R ARl S DL BB b 22 L 1 T A
W22t R, MR Sk Y HLZs . g Je ol 2 PR
AN BRI & BRI EE B e, AR R TR AR AR K
B 37 BN BRI 2352 e T A5 A8 2 i, BRI
183k g 5 1S R IR A 33 °CZE A N B
B R A A T N 4 v 1 Sk T

x4 EBEENDRELERESRKROZM

Table4 Effect of fermentation temperature on quality
properties of potato pulp steamed bread

Sl LR

N - it
wre (mg) it WEH

27 1.75£0.03° 0.86+0.01°  0.70£0.02* 0.29+0.00°
0.71+£0.02*  0.31+0.01™
0.69+0.01* 0.35+0.01%
0.70£0.03*  0.33x0.01*

0.71+0.01*  0.32+0.01"

30 2.10£0.02*  0.90+0.01%
33 2.14+0.06* 0.91+0.00%
36 1.89+0.03" 0.90+0.01°

39 1.82+0.07°° 0.87+0.01*

T F—F R R R RN B2 (P<0.05),
Note: Different letters in the same column indicate significant
differences (P<0.05).

2.1.4  JETAREOGE Sk 5T R0

W 5 fiw, B R B, 23k
ARSI G NI W= G Bt ) | e A N v =
SETH A 2 3 M AT, 23 BT 22 B AR R
AR SE R A AT, ol T 11 A R ol R o T A
Do 26 A5 LA A R 7 4 02 Sk Z5 A AR, B L IR
1A Pk DL R LU A5 38hn o S T TR AT ok B s A2 2% 3 B
T A PO 245 25 R A A IR, DT S 300 Sk 1) B2 DA B
AR A AR R RE 10 R, 183k
TS bRk B i K MH

x5 EHEHXRBNOHRBEREBLRRNZMN
Table5 Effect of sheeting time on quality properties
of potato pulp steamed bread

JERIRE A (milg) 3 MR

m] 52

5 1.79£0.02° 0.82+0.01° 0.68+0.01° 0.26+0.00°
8 2.04+0.42° 0.83x0.02° 0.69+0.01° 0.28+0.00%
1 2.20£0.02° 0.90+0.02° 0.73+0.01* 0.32+0.01°
14 2.17+0.04*° 0.87+0.01*° 0.68+0.01°° 0.30£0.01®
17 2.05£0.04" 0.83x0.01° 0.66+0.01° 0.29+0.00°

e F—s AR R A 25 (P<0.05),
Note: Different letters in the same column indicate significant
differences (P<0.05).

2.1.5 2 B RD R 18 Sk 5T 1 5 )

H12¢ 6 Al 1, 18k dh o Bl T A N I 4 345
BT IR R H A ] 7E 20 min
feiit, BSRRY A . SRIEROR  BCRE AR A In
[f) 2 D /0 S T P P A R B 7 e, ol 7 P 4%
LERE LA FE3 S T 5 B0 K TR L IR
ZINe T I JRE ) A o i) 2 (I B e R R,
DT 35 45 R (2 Sk PR A R, DA T i 2
S BUEREE, ARFRBUN, NERESHAE A,

*6 BERXFEMNDREERELRENHMN
Table6 Effect of proofing time on quality properties
of potato pulp steamed bread

i 2 I )

L i g 2

[&]/min (mL/g) # AR 2 e
10 1.97+0.02° 0.83+0.01% 0.71+0.00° 0.31+0.01°
15 2.17£0.02° 0.89+0.00° 0.76+0.01* 0.31+0.00°

20 2.26+0.02* 0.92#0.01° 0.72+0.01"° 0.34+0.01°
25 2.24+0.02* 0.91+0.01® 0.73+0.00° 0.33+0.00°
30 2.19+0.02" 0.90+0.00" 0.74#0.01* 0.32+0.01%
[l F AR E b RR A B E 2R (P<0.05),

Note: Different letters in the same column indicate significant
differences (P<0.05).

2.2 Moz EA4 KLe

XTEEREES N (A, KIERE] (B). & Wk
B (C), JRmk% (D), BAERI (E) #1i7H
PR 38 FK T (O o7 T S 56, DA Sk 78 b % 25 4
br, SEECERE IR 7. JrEarE LIl 8,

[m] I 465 75 (5 2% ((P<0.05 ), 7 B [m] A 784 4y
A5 5 R PR AR a2 ) ) i AR G, [l R A A A
B, KEWARE (P=0.83>0.05), R?=0.90,
X W [T 05 7 AR A B AT AT, I ELSC 56 04 T {5 B v
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HrpEZE D X HAEA BENZm (P<0.05), —
WIH A%, B? Il C? A% SR 235 LA S D Hl EZ X
Bk AR E, CHI BE XEL AR
WEMEW, B FETH, Rk TEAHNS
PRI 2 FE 2R 52 M AR U2 D (R THIRER ) >A (B
RREs Nt ) 3¢ E (EEERE ) >B ( ZBERTH ) >C
( KT EE Do
K7 MEEXKERHESER

Table7 Response surface test arrangement and results

LS A B c D E Yi
1 1 1 1 1 1 2.02+0.11°9"
2 1 1 1 -1 -1 2.11+0.13°0"
3 1 1 -1 1 -1 2.12+0.06°%'
4 1 1 -1 -1 1 1.99+0.09"9"
5 1 -1 1 1 -1 2.15+0.11°
6 1 -1 1 -1 1 2.00+0.11""
7 1 -1 -1 1 1 2.10+0,12%f9"
8 1 -1 -1 -1 -1 1.97+0.07%"
9 -1 1 1 1 -1 2.09+0,09%f9"
10 -1 1 1 -1 1 1.800.11
11 -1 1 -1 1 1 2.07+0,02%a"
12 -1 1 -1 -1 -1 2.04+0.50%9"
13 -1 -1 1 1 1 2,070,020
14 -1 -1 1 -1 -1 1.940.11"
15 -1 -1 -1 1 -1 2.00£0.06%"
16 -1 -1 -1 -1 1 2.07+0.08%f9"
17 2 0 0 0 2.1620.02°%
18 -2 0 0 0 2.08+0.04%"
19 0 2 0 0 0 2.0420.05%9"
20 0 -2 0 0 0 2.15+0.09°
21 0 0 2 0 0 2.17+0.05
22 0 0 -2 0 0 2.05+0.12%"
23 0 0 0 2 0 2.1120.05%9
24 0 0 0 -2 0 2.0120.06%9"
25 0 0 0 0 2 1.92+0.15"
26 0 0 0 0 -2 2.0520.04%"
27 0 0 0 0 0 2.26+0.09%°
28 0 0 0 0 0 2.40+0.03*
29 0 0 0 0 0 2.19+0.14°
30 0 0 0 0 0 2.19+0.03°
31 0 0 0 0 0 2.30£0.02%*
32 0 0 0 0 0 2.28+0.05®

T W= oA iR R W 2R (P<0.05),
A: BERERINEE (%); B: KEERTE (min); C: REERE (°C);
D: WA E: BE&BTE (min); Yi: B (mL/g)s.

Note: Different letters in the same column indicate significant
differences (P<0.05). A: Yeast addition (%); B: Fermentation time
(min); C: Fermentation temperature (°C); D: Sheeting time; E:
Proofing time (min); Y1: Specific volume (mL/g).

®8 WAM@IPAERTESF
Table8 Regression model analysis of variance
of specific volume

KW EHM O AmE ¥Ir
5 0.40 20 0.02 473

F1{A P>F  WEME

0.01 *

A 0.01 1 001 287 012
B 0.00 1 000 077 040
o 0.00 1 000 004 085
D 0.03 1 003 7.63 0.2 *
E 0.01 1 001 287 012
AB 0.00 1 000 015 071
AC 0.01 1 001 213 017
AD 0.00 1 000 005 082
AE 0.00 1 000 048 050
BC 0.00 1 000 072 042
BD 0.00 1 000 001 094
BE 0.03 1 003 644 0.03 *
CD 0.00 1 000 1.00 034
CE 0.02 1 002 369 0.08
DE 0.00 1 000 015 o071
A2 0.04 1 0.04 8.89  0.01 *x
B? 0.05 1 005 1226  0.01 *x
c? 0.04 1 0.04 1017 o0.01 *x
D? 0.08 1 008 1879  0.00 BxE
E? 0.15 1 015 3476  0.00 ok
B 2% 0.05 11 0.00
KW 0.02 6 000 043 083
HiR2:  0.03 5 0.01
eyl 0.45 31
R? 0.90

. *3FRR P<0.05, B3; **EXI/R P<0.01, thip#; ***
FoR P<0.001, HH %,

Note: * indicates P<0.05, significant; ** indicates P<0.01,
very significant; *** indicates P<0.001, extremely significant.

K la & ZBEEE N 34 °C. HEIRRECH 11,
W F [1] 20 min B, JEREVS I 5 A& e ] %) 2
il TR SR S A e 14y e o o 1 BT, DAL ]
DAREL, YRR —E i, SRR
() L2 Bt i T B T () 385 I 52 5 B 9K )5 T Y
Mt MR TR R AR, ShER A B S
HREE WS M E R m e B A TR, Bl 1b
SEFERFUN NN 1.0% ., KBRS E 70 min, [k
B H] 20 min B, & e R 5 R TR SOG4 Sk L 2
AL A S PN LAY 2 a1 31152
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NN
> N
R N

RN
NS
0,003 KX

ICAXIOC,
J RIS (RN
RIS
RRIRNXXR ‘:s
& '

AR ARIRONS
%
‘;l"';p,"O‘OO‘o. 0

Q>
" :o,z. rotatete et
200 te 5%
22000000, 5
0

&
42, X0
204,04 ‘0, XX
7% X
Cittrgpat ," 50

H.25/(mL/g)
2 /(mL/g)
2

L2 /(mL/g)

2% &
"% 9 O
KR BREBES
0,50, 0.9, AX
':,'0,,,0,; x

a, AW )5 M BEAS0 p e NL I b, R I ORI A A RN T 5 c, A ] - T A ) )3, T
a, Response surface of fermentation time and yeast addition; b, Response surface of sheeting time and fermentation temperature;
Response surface of proofing time and sheeting time

B 1 I ESHILLERNH NG R i |
Fig.1 Response surface of the effect of process parameterson specific volume
CIT PRl S RN LY A
EIHE TR YR RRECR R, 183k
PO e Bl K B BE A Y S BT TR 18] 1
JERERFAN NG 1.0%., KBHEEN 34 °C. KR
I 1] Sy 70 min B, PR A A ] -5 T RSO 12k HE
e e 7 TP o DT R A B, 2 s T TR
—EMF, 183k 1y H A B R A I TR] A3 T e BT
JE TR YRR ] —E S, 18k Y AR T
TET Y8018 18 o 2 e 48 TR b B
% Jfl Design-Expert #X £ 7381 T 30% 55 4% 2 1=
KK MR T A4 B IE N 1.1%., &
BEIELE D 35 °C. KBERFAI Y 70 min, JR I AR
N 12, WK AR 19 min, AR 08k H A
228 mLig. ERMBHIF FITRIESS, BF X

K FH 30% 55 44 2 A 2K I 70% 1 i /N2 By Sk T
BHEE DR B AR IRAE L, TR R S 45 R 1 5
fili b, 25618k WATE T D8 B AR Lk
FETESE, WBERERIEN 1.1%. FRIHIKEL
12, K BEEF[E] 70 min, KR 35 °C. BEART
] 19 min, 7EUL T A4 T S8 B AR A8 3k i it
B, BARANEER. HTSRENNEIT
R AL, 2 DR T a i A BRAE R
L, DA RSk — e R LoD
Erafb R RS,

5483k L S 2.34 mLlg, iR222/M T 5%, [ ZfR, XA, TH, % DREREANT T LR &
2 W R 7 T 0101k 309% 2544 5 A 4 48 I i T T2 A fiFHEL, 2018, 43(4): 153-158,
e e N . LI J, GUAN Y, WANG H, et a. Processing technology of
=l y 1= 4 300
ﬁhimﬁjﬁ% ﬁ ( %\% ° )O }JFH ’ '?ﬂiﬁj’ﬂj E/J 30% mashed potato noodles[J]. Food Technology, 2018, 43(4): 153-
ARSI i8S (2,02 mL/g) AHILES, T 2404k 158,
Jatgsk A E R . (2 FiF R, W, BREsE, g ThASSEUR I A K I 6 Y

S, ke iR, 2020, 28(2): 73-78.
FANG X, CHANG L, DUAN X, et a. The effects of potato mud
on the dough and the qudlity of bread[J]. Science and Technology of
Ceredls, Oils and Foods, 2020, 28(2): 73-78.

F9 WABEBLLLFHENHREER
Table9 Comparison of specific volume characteristics
between two groups of steamed bread

IR eteig sk X i Sk
HZs 2 34+0.05° 2.0240.03° [3] ARUN K B, CHANDRAN J, DHANYA R, et al. A comparative
Ve R R S R A M R (P<0.05) evaluation of antioxidant and antidiabetic potentia of peel from
: — A JIN M . o
Note: Different letters in the sameline indicate significant young and matured potato[J]. Food Bioscience, 2015, 9(4):
differences (P<0.05). 36-46.
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