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Table 1 Names of 44 potato cultivars

i HEMARR || WS RS AR G AN
Number Name Number Name Number Name
1 hag 5 16 95P3-3 31 =301
2 ReT 17 REs5 5 32 EPS5
3 FR 45 18 b s 33 R 75
4 Red Gold 19 WSRE1S 34 3 168
5 Estima 20 HFE 15 35 Favorita
6 a1y 21 % 36 Kondor
7 B2 22 L9810-18 37 Hertha
8 W15 23 58 95P3-3 38 Atlantic
9 IS 5 24 IRE 39 Shepody
10 8 25 A4 303 40 Desiree
11 fif 8084 26 1% 001 41 Spunta
12 B 6 5 27 41 002 42 GLKS-58-1642.4
13 w17 28 #1E 003 43 TACNA
14 THI1S 29 AT 19 5 44 LBr-25
15 I 65 30 =102

1.2 FENFEE

KDY-9820 L & (A6t 8 AL H RIS
BT s WAY-1S B DL 64 CEARRS 28] ) s SRIX-4-13
it A R BRT (GEBHAT ) D 5 101-IEBS # i X
TRFE bRt BEIF A ) 5 DK-S24 HLAAE
Kt CRERE R AF]D 5 SZC-C i
FEN (LTRSS AR A R 5 SLQ-6 FHET4EN 1Y
CEMAFRACBEAE AT 3 QXJI-700 FEBIEVEHL ([
RN R FF TR 5 QI-45 ZIhfe VIl (R A&
WKL R EIFSE )+ TDY-500 fEIE A QLA
Wl FRR TR D s MERATERRE S PRk
MEHULBEACRFHFIFCBE FATWEED 5 TMS-PRO & &1 7
A (S FTC AH]) 3 WSD-IITFA T (bt BEei s
HRAFD
1.3 REAHZE
1.3.1 RHEZERSMNE T E

TR0 KT A [7] it ol P 42 S it EEL AR A () 397
BRZE, oy M e ORH ) 32 SRR T bn AL E TR AR AR
BT 2R A B i T SRR T 154 B R A
IR A E Yo P 2 N & T s gy & S & |
WEFETE . Koy & E g e PR A
PR I OB AL ERE e RO SE R R bR
RO A AR I R A 0 5 &R A4
# C MMUBNAEATTEER I E TP, B — @R b
A TN O R W D = Uy I TS | N &2 S
T ARG SRRSO . BRI
FEHALE FRFE AR R SR RO e kg
s TR P ArEs Y, i
AP BRMETRUHLEF4ERS, I Dy i3 S IR AN
Bl K B ] KA AR
1.3.2 ZZFuimIL1E

AN T E AR AT,
TR 16 B 5 JFUR] i 0T AR OCIR =R = S E AT I A
e, BYEER (DR ED o IEEARMEEASR .
3 MBAS ] SRR S R Sy, B 6~8 A (4
1.5kg) , HEBEE, B0 AR D) K
JERE ) 1 mm B 8~10 FrdtATmiEZ A in T, % —4%
VKA B T R 7 mmx 7 mm (RO AT R 4
o5 BEPUIEHL 3 kg SRR WA N £, F
s = N OR A FEIUR &S e e . BEm T T2
paptliE I

WIES Wi R SR (24 h) >3ETE— 24,
BESYIR JRE 1 mm) —»EE-E—EZ (80~
100°C, 1~2 min) —AH—-BiKTE—kE R,
160~180°C, 1.5~3 min) —IWi— i T E

MIEE A W R ESTUE (24 h) —-iFTE— 2807,
B4 GRS 77 mm) Y- 0 —— Ik
% (75°C, 20 min) —#E— KR (85°C, 1~2 min)
—EHSBKTB—YIE B, 160~180°C, 1~
2 min)—PH—-H%E (—20C) -4 Bl 160~
180°C, 2~3 min) —¥fli— i i
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TN P I ESTIE (24 h) —THTE— L
B ) (JEJE 8~10 mm) —> iz (71~74°C, 20 min)
—AH—~#E (98~102°C, 15 min) —4TH I —~EH
T — R L — & o)
1.3.3 Z 27505 R 34702

WYEE R BN e e bs o E A, BRI CBoRT
Wid1) TR IR . S IR R 1S
¥ WSOk IR0 R R A R AR A U it
Frmse POy R R A E S WSD-TIA (9 )% 3 k47
ME o

MIEE A& BTN E b E A, A (R KEY)
T« FRIAE LRSS BRSBTS T
P TSR S A U ¥l 5 4% e 56 4 BY V1) IR i P g+ f e
B F4E A PUE YLK e BT e R EAR K
il g TP N A . R
HIEATIT 45, T 0bsiEansR 2 foR; B4 AERA
[l 7= WSD-TITZY (1 B4 T 52

2 DREHIEBEXDRESSIFNMRE

Table 2 Sensory evaluation standard of french fries

5 R4 4
Item Sensory evaluation Score
wa A KIESURIE, RRE. EEWRIURKN
gragy AT
Shape A, KHHEAH, KEED, DHASER 1
2Points) s KR —, BHAIE, KB 0
M, (195, T4 T USDA %4
% iR 0 %
- N
CR2M) sy, GRS, USDA BAME
olor WE 12 %% 1
(2 points)
R, USDA Z &I tabrnE 3~4 2 0
VRS RERAIOEE, TR, MRE Rk 2
OR290) oo ok, ok 1
Flavor
(2 points)  JEHL SRR 0
CUBE LA A 0 SN L 1 2

CR29) g, gk ik |
Taste

(2 points)  HAMAS R K 0
WIS AR T S A KO A T4 T 10min 2
CR2ID) g b Ly 4T 460 %5 BCAE KA1 7~10 min |

Softening time

(@ points) AT HL 8 FFUA S HUBSBK I 1 AS5k 7 min 0

TE: RO A PN LI (A HE
Note: Average value was regarded as the score of potato products with special
color.

LAy T2 E e b RT3y O RE
UG B ek . SR E 139 R VER INLFT 53461,
FIOFRENER 3 Frum: TARAh 8 0 & AR [ A
AT ERY BAEAKRE R DV- il Bk
HEATI P i SR R JTvEPY: AR AR AR 10 g
K24y, H—mBA 100 mL T, a2 Z05, W
VM RN A, S EIN 130 B, FEKH
e 3~5 W, ZIG FAKICIEN RNk, SRIGHE I AR,
2 100 mL e e E 2z, e ek &l
AZ’ m\[J

B TER Z(%)=( 41— A4,)/4, X 100%

®3 DRESHSMBRESMTMIRE
Table 3 Sensory evaluation standard of potato flakes

5 H T34 55
Item Sensory evaluation Score
@ SAEEBIENRR G, G 2
(ﬁjﬁ° BRI, @A 1
@ points) it R, (EFALIS 0
suk o HDB B EEE, TR 2
CR2) sy mntetr ok 1
avor
(2 points)  F THH AT Y B AR 0
NGUBA BT AT AR AR, L% 3
O3 i, w0 T ARREOR, SREIAL 2
G points) AILUBARRL], il E 1
ISR 100 g FEdh (40 IO LD hiZeES
AN A
Ty L AL 10
O34y WILULERE 100 g #fdh (40 HEf LW Pzt
Impurity M4 10~50
GPION)  ygtsen 100 g ik 40 B LD PZES
AR 50

e RERO A O PN LR v
Note: Average value was regarded as the score of potato products with special
color.
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IREG T HK I SPSS 19.0 & Excel #Ex} 4% 2 gkl
KON 7= s BAR AT Se k53
1.4.1 BFEEANHF

it TN AR e Y B AR, AR
OB A R A N E VS = O = VAR -2 Wl 1= 7
KB (R 43 B 5 iR AT Hd A 3 S e v . 3P
(B0 23 A7 0797 B84 AR e 2 R RN, R #
INHUEANGINEE R, B PTG 2 ) F K
SPREHT B AL, DAMRIEE SN B AR ST [ H
S R AR R, AR AR S
B/%Bl]o
1.4.2 K-means BEHHT

K-means 5AFF & AW EE 25 A AL I 2, >R
FH R 22T FIAE R SRS UE I R 0, W A R S (1) R 5
BT, AR REOR . 1o e — N SR S TR
B RREH &, AR PR 1 PE B ek B AR B N k
AR, T AR SRS e AT X e R 2
HIAHABLRE, 43 il o Pl s 5 AR A 3R 28 SR T
AR RIS AW E R X IR BB bR
BRSO 1E, A B RIS R — RPN &
ARABLRE R, 1A [ SR A (R X AR B A 2
2 HBR5HH
2.1 EuEIEsH
2.1.1  JRA AR AT

PRI 44 A 4% 2 SR ) ZEHR S PR 14
MRAFRPR AT G 8T, AR WR 4 P, BRI
A DR TR AL, HAbTR s B E X (A 2, AR1h X
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B, B LR AR, ASTR] ol 2 H e Sl e K+ 5L
Mg bR SE TR 2R IANR] L B 2t of 1) 3 2 0 T A b

AR ZE S, (HSRERRHERRE, T SRE
1l by R U et S TA] AR PPN AR N, 75 G e A L S B AR
HERIUAY, FEGPEO St
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Table 4 Data distribution of 44 potato samples’ indicators

SEIR H i HIGARE P & J5R b5yl VER Koy
Eye number/}>  Shape index Mean weight/g Reducing sugar/(g-100 g")  Total sugar/(g-100 g')  Starch/(2:100 g")  Moisture/(g-100 g
5 /ME Min 5.00 1.07 90.49 0.11 0.30 11.17 69.30
B Max 17.00 2.57 268.80 1.26 1.77 25.75 85.20
¥ {H Mean 10.00 1.29 165.13 0.42 0.80 17.44 78.71
Ji 2% Var. 7.58 0.07 1597.78 0.06 0.08 13.18 12.32
Drﬂy— ?a)tftier/ ljfs@ Tot?l{:{i%jﬁds/ . QEH:’% ¢ 1 % R -1 Ly -1 ijifjffer/
(2100 g™ (2100 g™) (2100 g) Vitamin C/(g-100 g™) Protein/(g-100 g™) Fat/(g:100 g7) (2100 g
f/ME Min 14.80 0.80 4.50 8.99 0.32 0.01 0.05
5 KfH Max 30.70 1.60 8.22 31.00 3.02 0.25 0.58
¥ { Mean 21.29 1.07 5.98 14.74 2.01 0.14 0.35
¥ % Var. 12.32 0.03 0.67 19.15 0.27 0.00 0.01

2.1.2 Bl s R ahBIE AT

FEAN ) A% 2 S P2 1.3.2 BT (R0 TR e il 2
EEOMEE . AR S e Ak . I IR BT A
M EERCE L IR LT RESRRR, AR 5 PR,
SRR A ZERR W] W, T ZE AR, R SR
JEORHEIR 22 53 B0 T SRR IE B B ROR 22 57 1
T IEORHR AR 1 it 25 20U TR bR SR T 1 A8 A7 45
SR RAREAT A AR PE

#5 MUADHERBMNIHSNREEFREESIT

Table 5 Data distribution of 44 processed products’ quality

— EEH B PR P THREASE
e S Protein/  Cri /o i /
Potato chips ensory rotemr1 TISpNeEsSs, unter whiteness,
evaluation  (g'100g™) N %
/M Min 433 1.07 1.74 51.53
I KMH Max 7.24 3.10 3.10 52.68
¥ {H Mean 5.93 248 2.24 52.37
Ji 7 Var. 0.53 0.15 0.08 0.06
T 4% R HER i i FHREAEE
THESE 2% P in/ Hard S H hi )
French fries Sensm"y rotelnl ardness, unter whiteness
evaluation  (g100 g™) N %
5 /ME Min 5.16 0.81 3.13 54.72
KA Max 9.79 3.51 4.72 70.62
¥ {H Mean 7.70 2.50 3.78 61.21
77 % Var. 1.75 0.27 0.12 12.32
e A EEAIY HER pile T B UE R
z{tj:*b . . . .
Potato flakes Sensm"y Proteln/l Viscosity/  Free starch ratio/
evaluation  (g'100 g™) mPa-s %
f/ME Min 5.13 4.24 3.92 2.06
I KMH Max 9.25 7.09 5.47 3.07
¥ {H Mean 7.47 5.81 4.76 2.59
Ji % Var. 1.08 0.50 0.13 0.09
2.2 mERERRE—k
T3 3G — B AR N SR A VP TR

b, SR K-t N — A AR BT VR I F o SR H R FRTA] R BR

PG B0, T BRI 2 L A AL AR 4
MNP FREREAL A 1 dl—4e8idE, BRI — AR AE
il 25 S VPN FR R o

THAA B IMEE R A VPN IR bR S R e 1S
O3~ B0 IR PE AN = R 1 B I AH DG R A9 A 0,609
0.308. 0.575 1 0.716; FEALEA M AR S5 BT 1557
HAI AL R R IR OC R A o 0.545. 0.511
0.694 1 0.695; k¥ Zr & v EM iRl S E S5 AR,
RERE U BT RD 2 ARG R A 0.654. 0.579+ 0.699
FI-0.499. R ;LG VN e S B UAE 0.05 /K
R B AN, HABZE 0.01 KT LB EAMIC. R
BRI A — SV e bruERT v 52, HLAEA 2R
T 2R T
2.3 SRENMIHGSRITFMEREL
2.3.1 BYy@mpEENES

by A T FL AR 58 By % 2 ORI O LN TR 1 52
i, BRI E T SRR B IR 14 N EL KOS FRFR bR, T
X LGP AR T T S B8 S 0 A o T RS T R R A
o AT IR TR S TR JORE, GBS A
W Febs, N IE D 2 Te Ao BT ) 5 ST “
PL7 BEJTFE,  DUEERT PR AR AT i sl il

RYE FEMER /NGRS IR BT E (p<
0.05) MTHBRHIARELT (p>0.1) , IR
brAZ AR DA EAT F RS, BEEIEZ LRI
A AN BE A B 1T XTGBT A i iy LA I 1k B
SR R 455 PR b () YRR 38 128 B A 3 s b
(XD~ K (X« EA (X)) FREE (X)) M
AEPEETEY) (X5) 5 XMEE&LZEE T TaPs (V) 1E
R E AR B K (X « EAR (Xy) B8 (X))
MHZEE (X7) 5 W HRESMEGEA MR () B3
AR N (X « HFIRECE (X)) AR (X)) .
ToAhFE A H T 0 S B8 S 1 T DT RN . R
sig. >0.1 PeHIBR, SIABERKKAR B R AR 6 Fin.
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Table 6 Coefficients of potato processed products’
comprehensive evaluation model

AbrdEtb R AL R
Unstandardized  Standardized
AR Ak AR coeffients coeffients ‘ i
Model Variables I - SIE:
FHRE bRz WA
B Std. error Beta
‘i Constant  0.748 0.162 4.613 <0.001
ﬂﬂ}iﬁj —0.381 0.075 —0.431  —5.064 <0.001
Reducing sugar
e K4y Ash 0.395 0.117 0.304 3.363 0.002
¥R B(W Protein  0.088  0.033 0214 2687 0011
Potato SRR
chips R -0.024  0.006 -0.305  —3.684 0.001
Eye number
ATV R [ T4
Total soluble 0.052 0.022 0.201 2369 0.023
solids
‘W 1 Constant 4.386 0.517 8.491 <0.001
7K4> Moisture ~ —0.043 0.006 —0.583 —6.845 <0.001
ik A% Protein ~ 0.202 0.043 0.403 4.640 <0.001
A
IR
French IS 0295  0.092  —0274 -3215 0.003
fries Reducing sugar
Eﬁé% —0.001 0.001 —0.191 —2.234 0.031
Mean weight
& Constant  0.515 0.177 2917  0.006
TAE Gk Starch 0054 0007 0.652 7483 <0.001
by R H
Potato RS —0.048 0.010 —0.442  —4.903 <0.001
flakes Eye number
B BE Total sugar  0.216 0.093 0.207 2.328 0.025

6, 3 AMERLKE AR REUT B KT
5ig.<0.05, Ui B 5 I NS EAS R 1 J5URE bR 0] 1 4% 5
T PR R, AR R IO R, R
i (28 A2 [N T R

MYEE . Y,=0.748 —0.381X; + 0.395X, +0.088.X; —
0.024X,+0.052.X;

MYEE 4. Y,=4.386—0.043X+0.202X; — 0.295X, —
0.001.X;

THAHK: ¥3=0.515+0.054X;—0.048X,+0.216X,
L Vi~V R A e A AT
ERIEEETEMAERR: Xo~Xo 20 BIACER DA 5 R IE
SR KA. ERAR. HRACE. RTEREEY . KA
FAZEE . JEM RS AR .

2.3.2 ZFE AR RN

3 B SR A TR AR VPN BRI (RS B T3 i e R
R SKVEAY, B a5 Bl F AR Rk . B e R
BN ZE MR IR 7 Fim: SRR ss
SR TP IR e R A R=0.802, )5 R*=0.776, BE
HURZEAETIME 6=0.101; T8 2 2 4 455 T TRVP A5
RYoE 25 R*=0.731, JHIEJG R*=0.704, BEHLIRZANTT
{8 6 =0.141; TR EELE AN 255 ST PPN B g s RAL
R=0.705, )5 R*=0.682, BEALIRZEALHE 6 =0.170.
UEEH S VPRI B, BALR ZE 80/, ARl A2 K
RPN oK o

Tk =P S AR T ZE TR 8 4 HE IR e 2
K FRSSGRER, WIEER . WEEAMT LA

By BE L AR F et 0 o F1=30.729 F,=26.536
M F3=31.809, 114 F(0.001,5,38)=5.190, F(0.001,4,39)=
5.730, F(0.001,3,40)=6.595, Bl 3 NPEMEIRLE F A
B FR i E, BN sig B/ T 0.001,
AU ITEESE) 3 AT R e RAEH W2, M T
PEAIESE s WEE ARSI N LG i IS
LG
F7 DRENILHSRESRRIFMERYRILCE
Table 7 Effect summary of potato processed products’
comprehensive evaluation model

BEALBEZ AL T

55 2 . 2
g R R Adjusted R Std. error of the estimate
WEEST o505 0802 0.776 0.101
Potato chips
WAESAE  gess 0731 0.704 0.141
French fries
S ey A -
T 839 0705 0.682 0.170

Potato flakes

=8 HWEAFENE
Table 8 ANOVA table of model

FE Model TR SS Ao dr ¥iJ5 MS F Sig.
N e l
g e BT SSy 1557 5 0311  30.729 <0.001
Potato  §kZ% SSz.  0.385 38 0.010
chips i ss; 1942 43
N I
T 4 ) SSx  2.100 4 0.525  26.536  <0.001
French  ¥%7% SSp,  0.772 39 0.020
fries  wip s, 2872 43
wqpigy I SSe 2758 3 0919  31.809 <0.001
Potato 5% SSp  1.156 40 0.029
flakes w3t ss;  3.914 43

et b R IME: sig R BT

Note: ¢ is t-test value; sig. represents significance level.

SURFRW],  SHR B 5 ORI IR s
Bl Hor A IRECE KRR B 5 AMER
YOE, Ko AN, EREANRZETE 4 MR TR
WM A o, ey ZFIRECRALERE 3 ANEr
T YE SR E TR .

1 44 A SR 2RI ) L B EURHR R AR R T R
e s I EE AN S AR SRS TR bR TNE
R P 5 S REATELAL, BRI B 1 s, #
i BRI A AE 45048 I, 2R W] TN (BRI S
B, RVE L IE SRR S . Aoy EEEA B, ZFIR AL
ey EPERDEY) . Koy, R WERALERE 9 MR
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Table 9 Classification of potato cultivars’ processing suitability
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Note: Y, > and Y3 represent the comprehensive evaluation indicators of potato chips, French fries and potato flakes respectively.
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Suitability evaluation of different potato cultivars for processing products

Yang Bingnan, Zhang Xiaoyan, Zhao Fengmin, Yang Yanchen, Liu Wei, Li Shujun™
(Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract: China is one of the world’s largest countries in potato production and consumption, and the quality of
processing products was significantly affected by characteristics of raw materials. In order to research the relationship of
raw materials and their processed products (potato chips, French fries and potato flakes), 44 common potato cultivars
grown in domestic were collected and tested in China National Food Machinery Quality Supervision & Inspection
Center and Chinese Academy of Agricultural Sciences from Sep. 2012 to Dec. 2014. Fourteen indicators including eye
numbers, shape index, mean weight, reducing sugar, total sugar, starch, moisture, dry matter, ash, total soluble solids,
vitamin C, protein, fat and crude fiber of raw potatoes were analyzed according to China national or industrial standards.
Analysis of variance revealed significant differences and great variation among most of indicators. Three kinds of
products including potato chips, French fries and potato flakes were processed using 44 cultivars collected respectively.
The quality indicators of processed products were also tested in the laboratory. For potato chips, four indicators including
sensory evaluation, protein, crispness and Hunter whiteness were tested. For French fries, four indicators including
sensory evaluation, protein, hardness and Hunter whiteness were tested. For potato flakes, four indicators including
sensory evaluation, protein, viscosity and free starch ratio were tested. Analysis of variance also revealed great variation
among indicators of three kinds of processed products. Using the maximum - minimum normalized method, multiple
quality indicators of potato chips, French fries and potato flakes were calculated into a one-dimensional evaluation
indicator in order to establish a representative model. Each comprehensive indicator had a significant correlation with
four original indicators of processed products. With stepwise regression method, significant indicators of raw materials
were selected to establish the model of processed products, while insignificant indicators were eliminated to reduce the
redundancy of models. Based on three calculated comprehensive indicators and 14 indicators of raw materials,
comprehensive quality evaluation models of potato chips, French fries and potato flakes were established respectively.
The results showed that, the comprehensive quality of potato chips were remarkably influenced by the reducing sugar,
ash, protein, eye number and total soluble solids of raw potatoes; the effect of potato chips’ comprehensive quality
evaluation model were: the coefficient of determination R*=0.802, adjusted R*=0.776, std. error of the estimate
6 =0.101. The comprehensive quality of French fries was remarkably influenced by the moisture, protein, reducing
sugar and mean weight of raw potatoes; the effect of French fries’ comprehensive quality evaluation model was: the
coefficient of determination R*=0.731, adjusted R*=0.704, std. error of the estimate &=0.141. The comprehensive
quality of potato flakes was remarkably influenced by the starch, eye number and total sugar of raw potatoes; the effect
of potato flakes’ comprehensive quality evaluation model was: the coefficient of determination R*=0.705, adjusted
R*=0.682, std. error of the estimate & =0.170. Three comprehensive quality evaluation models with high fitting degree
and small error were reliable in practical application and could be used to evaluate the comprehensive quality of potato
processing products. Calculated by K-means clustering algorithm, 44 potato cultivars were divided into three categories
as the most suitable, suitable and unsuitable categories; the results showed that 15 cultivars (e.g., Atlantic, Hertha) were
the most suitable for processing potato chips, 10 cultivars (e.g., GLKS-58-1642.4, Zhuanxinwu) were most suitable for
processing French fries and 10 cultivars (e.g., Red Gold, Liangshu 17th) were most suitable for potato flakes. The
K-means clustering result which was consistent with practical application was instructive and meaningful in screening
special potato cultivars for processing. Systematic research of the relationship between raw materials of different potato
cultivars and their processed products (potato chips, French fries and potato flakes) is of certain referential value to
promote the development and upgrading of Chinese potato processing industry.

Key words: chips; evaluation; quality; potato; french fries; potato flakes
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