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Abstract: The objective of this study was to assess the differences in the quality of fried potato fries across
various potato varieties (lines) in Qinghai Province, as well as to identify suitable potato varieties (lines) for
the production of fried potato fries. Twenty-one representative potato varieties (lines) were selected as raw
materials for the production of fried potato fries, and then their fundamental nutritional attributes and quality
characteristics were evaluated. The suitability of the fried potato fries was assessed using principal
component analysis, correlation analysis, and iterative clustering. The results revealed considerable
differences in the nutritional indicators among different potato varieties (lines) in Qinghai Province. Principal
component analysis identified five principal components, which accounted for 86.43% of the cumulative
variance contribution rate. Leveraging the comprehensive scores from iterative clustering, three suitable
potato varieties (lines) for processing fried potato fries were identified, namely, Qingshu 15, Qingshu 14, and
Qing 11-2-9. Evaluation of their palatability characteristics demonstrated that the fried potato fries exhibited
a crispy exterior and tender interior texture (sensory score of 62~73), favorable chewiness (52~53), and
bright color (a* value of 4.0~6.5), aligning with practical applications. The results achieved efficient
utilization of potato processing in Qinghai Province, which could meet consumer demand, and provided a
theoretical basis for potato quality improvement and special variety breeding.

Key words. potato fried fries; suitability study; quality evaluation; principal component analysis; iterative

clustering

A% (Solanum tuberosum L. ) 2 iRl &
() —AFAE AN F I, kN . K. K
K2R R AN, i 1 IR B
B FENMHCR, AREYAERKEME LN
gy, TS A SRR . SR b A
R R R, SRR R E A I
FRRE =), B 2018 4F R, 51548 8 B A AE 17 AR
ALK E] 144 J7RT 9.6x108 m*, i 4 AR AR 1 AR
(1) 18%, i B Y A9 T 2P lss , o3 14k
W&, BT T A AR,

MR —FEENE SN T, TR
i RERIE NI XK, B ATl . U7
EE R EEEM T AN HEE R R Z A
B REWRER M, TE SR ER S TP AL U3 E
A SR I T T B R S A S L
Ve 1 BAR HRTT 8 DR SR F £ | fi
J7Lm R, H R B RN T A R AR
e, WAHMEERLTHSRE M, 5THIR
DK AT R 2 Sh 8% 25 SRR MR T R 4 TR 2 |
AJEAE « BTV Ko 3 FE AT 3 0 AL
=,

T, ACUFEBE AR SEELF (R)
S lskl, W E JFURE R A SR SRR AR, IR TR

Bk, MEEARR AR bR . SR SRIE 3T |
FERI A BRIk, T A
[l LI SH 828 A Al (&) Bah Rt Ok il 2
W] % i oL HY) 2 S B B SR B, 20 PR S AR
F8 i JBT T Y 3 R T S R I A R R
Ohy B % B Il K 2% TP B A WA O e, A
Al 7 JEOR B 45 L PR AR SR A AR v, DISE B S
P s ORI, i R AT Aa ok, HAE
N b A S R R R T A i R A B
WA

1 MBEFE

11 kM

SRS R 21 SR E MR (R )
PEATIINE 250 B B, 7 TR A AR 2 B
AT AT R A, TR TR I AP R — Bk
12 UF5&&

2 H L 4R . FIBRETHERM; 2R 7>
SRl B AR HORE R DR R s QH-139
FHEXVI AP EERE T ZRARAF; HHHE
PRAEI RV MR Tk A BR A R ; DF-6L-2
EEA AR RN P RN I TN T8
TMS-Pro =4 BE Ll £ P23 Bir . G FTC

153



mRER

- - °®
. R HBnalHk
6 iR BB il
SCIENGE AND TEGHNOLOGY OF GEREALS 0ILS AND Fa0DS

325 2024 FE4H

IvFl; WSC-S a1 : gk &R (U8
FIRAF . BifR: HARBA AR MR
BRI R A PR A F] L (+) -PLIRIM R «
B 2 48 AL 25 A BR S W) 5 2,6- S BE 4
i ERAEYERGIRAR, LR 5
Mradi,
1.3 SEWAE
1.3.1 AFEAZELF (R) BIEERE R
K43 : GB 5009.3—2016 (£ it H 7K 43 i Il
E); KA GB 5009.4—2016 { £k H K Syl
SE); IR GBIT 31578—2015 (M H
S s oA TN E ); BB : GB 5009—2016
CEMTPIRIMIE ); HLF4E: GB/T 5009.10—
2003 ( F W26 i HoRLER 2 (R 2 s I8 TR .
GB 5009.7—2016 £ i 1 id B A ); S UE
. EHBEVER . fEE Megazyme ik &,
132 AN[FEESELESF (R) MEERMINTITZ
SHBRECMEE AN T T2, et
SETHE R LB -YI%& (10x10 mm) —iHi4E
(KEHH . 140 °C. 13 miny—Jil— & B E .
1.33 RNFEEHBZSF (R ) MEBERMN TR
1.3.31 K4 [F 131,
1332 i 6 1.3.1,
1.3.3.3  IAPRRE SR TR AR AR A i
FFRFMAE , Lh D=75 mm B #5 ER L, Dt
WA R E 30 mm/min 7] Figfr, M4
fl B AR S CBI Al & ik ®) 015 N OB ) DA
30 mm/min (Y EE [ R BY R, (RS R AETEAE,
JE 45 H 50%)5 #83k LA 30 mm/min f4 3 B ik, (7]

R A B,
1.3.3.4  BYUIJy T = R AR Sk O E R o

S BT RN, iR S E A L 5 WK,
ZERBOTHIME

1.3.35 () R WSC-S il (2230 & , 1
MM HESE B , KRR S SRR A, X A
PEAFINRE , BEEESRE 5 NI A IR S By
ff, 058 LY, a* Al b* (a0,

1.3.3.6 JREWMN 7 H#ARTELRRNESE
WP BRI, R BRI T 40
BRRRE TR AE LR 1,

x1 DREMEBRREITLNM

Table 1. Sensory evaluation of potato fried French fries
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Table2 Basic nutrient contents of different potato varieties (lines)
WAl (&) &K K4M(g/100g) JK43/(g/100g)  FEFE/%  NEHG/(9/100g) LT 4E/(g/100g) EIER%  EEETER% B JEAH%
HTHIS 76.74+0.19g 0.95:0.02b  7.69+0.01r  6.37+0.62a  2.48+0.61h  62.92+0.01f 41.55+0.00a  8.70+0.05c
HE 14T 84.95:0.07a  0.58+0.03i  9.52+0.00f  6.26x0.06a  3.35%0.33c  62.97+0.0le 22.28+0.01f  9.96x0.08a
HW 155 69.64+0.20n  0.78+0.02e  6.33+0.01t  4.81x0.02¢  3.13x0.14d  62.97£0.00e 16.77£0.01r  7.35x0.04i
7 08-29 78.37#0.13d  0.65+0.0lh  11.33+0.01b 555+0.19b  3.76:0.02b 52.17+0.0l10 37.78+0.01b  8.72+0.05c
W 11-2-9 76.02+0.01h  0.62+0.03h  10.15+0.01g 5.80+0.13a  1.48+0.17i  58.36+0.01i 18.32+0.01k  7.32+0.02i
L1150-22 73.72+0.06)  0.56£0.01j  8.24+0.0l0  6.45:0.87a  2.63t0.29g 58.15+0.01j 17.24+0.00p  7.94x0.02d
7 11-6-6 78.50£0.13d  0.46£0.00k  8.07+0.0lp  5.66x0.38a  3.3620.42b 74.01+0.01b 13.63x0.0lu  7.19£0.01j
K 14-22-28 77.20£0.10f  0.95x0.03b  8.07x0.01p  5.86+0.18a  3.50£0.02b  49.27+0.01r 20.24+0.01h  7.83+0.0le
# 10-2-27 70.02+0.02m  0.48+0.00k  6.81+0.01s  5.19+0.72d  3.64+0.01b  63.22+0.00d 18.04+0.00m  7.76x0.02f
JE 15-11-48 72.90+0.00k  0.76+0.00e  8.57+0.00n  6.61+0.42a  3.94+0.09b 56.74+0.01k 17.62+0.0l0 7.84+0.0le
K2 77.27£0.24f  0.71+0.01g  7.83+0.01q 5.40+0.13c  3.68+0.13b  61.34+0.0lh 15.32+0.03s  7.53+0.02h
Q072605 77.95:0.00e  1.53:0.03a  9.25+0.001k  6.51+0.58a  3.27+0.24c  52.17+0.010 21.92+0.02g  7.72+0.02f
L16101-8 75.21£0.02i  0.43£0.02k  10.07x0.01i  5.47+0.08b  3.25:0.00c  54.41+0.01m 16.83x0.00q 9.17+0.01b
# 10-7-1 81.53:0.02b  0.46£0.05k  10.51#0.0le 5.98+0.07a  4.89+0.0la 72.24+0.00c 37.55+0.01c  6.42+0.02k
HE 55 79.44+0.15c  0.88+£0.00d  10.13+0.0l1h 5.67+0.59a  3.53x0.30b  85.36+0.00a 18.85x0.01i  9.16x0.02b
D0732-23 70.46+0.171  0.73+0.04f  8.88+0.001  578+0.35a  2.82+0.0le 62.26+0.01g 26.16+0.01d  7.20+0.03]
W25 72.79x0.07k  0.70+0.04g  8.82+0.0lm  5.66+0.04a  2.70x0.06f 56.58+0.011 15.07+0.01t  7.93+0.01d
¥ 12-7-8 76.30£0.01h  0.57£0.03i  10.38+0.01f 6.15+0.39a  3.25+0.01c  53.17+0.01n 18.42+0.02j  7.56x0.02h
D0913-27 79.2120.13c  0.86+0.01d  10.84+0.01c  5.24+0.65d  3.31+0.25¢c 52.07+0.01p 17.95x0.00n  7.65x0.01g
H 12-4-4 75.2620.34i  0.91x0.0lc  10.75x0.00d 5.29£0.11d  2.32+0.45h  49.29+0.00q 18.13x0.01l  7.55x0.02h
H¥ 65 78.50£0.06d 0.97£0.03b  11.48+0.0la 5.80x0.78a  3.54+0.11b  44.37x0.01s 24.15+0.00e  7.82+0.0le
FHMEARHEY:  76.28£3.76  0.74+0.25 9.22+1.44  5.78+0.57 3.23+0.70 59.24+9.34 21.61x7.77  7.92+0.80
AL 69.50~85.00 0.42~1.55  6.32~11.48  4.68~7.06 1.36~4.89  44.36~85.36 13.62~41.55 6.40~10.04
5 R % 4.93 33.78 15.62 9.86 21.67 15.77 35.96 10.10

E: WA ARRNE

FHRFRE BE XS, P<0.05 N,

Note: Different lowercase letters indicate significant differences, P <0.05, the same below.
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Fig.1 Water content and oil content of potato fries
of different potato varieties (lines)
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Table3 Structural characteristics of French friesin different potato varieties (lines)

(R B T IN A% I /Ratio Pk /mm JBERG N ML MEE 44 /ma By J1IN
HoE 19.76+9.16f 0.21+0.03g 1.84+0.24e 5.44+2.23g 10.17+4.64f 1.72+0.01e
H 145 49.40+4.26a 0.35+0.02a 2.27+0.26a 20.60+0.69a 46.81+6.96a 3.67+0.01a
HHE 155 42.28+14.75a 0.38+0.04a 2.60%0.13a 18.73+7.21a 49.11+20.64a 1.95+0.02d
7 08-29 18.94+7.26f 0.24+0.03f 1.76+0.22f 5.60+1.86g 10.10+4.22f 1.05+0.01f
# 11-2-9 42.74+8.32a 0.34+0.04a 2.44+0.41a 17.91+3.22a 44.34+13.58a 3.45+0.01a
L1150-22 15.33+6.37g 0.37+0.10a 2.18+0.68b 7.26+3.77e 17.54+11.68d 3.45+0.01a
# 11-6-6 28.49+9.40c 0.34+0.06a 2.31+0.24a 12.20+5.09¢ 29.02+13.97¢ 2.77+0.01c
K 14-22-28 23.42+0.40d 0.27+0.01c 2.28+0.11a 8.06+0.54d 18.30+0.43d 2.17+0.00d
# 10-2-27 19.14+2 55f 0.33+0.04a 2.41+0.11a 7.80+0.75d 18.84+2.40d 2.62+0.01c
FE 15-11-48 17.30+3.169 0.34+0.04a 2.24+0.17a 7.30+1.95¢ 16.37+4.51d 1.27+0.01f
HE2%5 15.90+5.52g 0.37+0.02a 2.29+0.23a 7.08+2.22e 16.52+6.62d 0.75+0.01h
Q072605 24.16+7.63d 0.34+0.03a 2.41+0.13a 9.55+2.62d 23.26+7.37d 2.73+0.57¢c
L16101-8 17.66+2.43g 0.24+0.00f 1.93+0.18d 5.66+1.14g 10.82+1.68f 0.67+0.01i
# 10-7-1 20.25+5.31f 0.37+0.01a 2.71+0.08a 8.89+2.77d 24.08+7.26d 3.66+0.01a
HHE5 5 28.66+4.90b 0.30+0.01a 2.10+0.27b 11.04+2.22d 23.58+7.19d 1.06+0.01f
D0732-23 26.89+2.88d 0.36+0.04a 2.58+0.17a 11.99+2.26d 31.08+6.91b 3.37+0.01b
W2 36.98+7.13a 0.27+0.02b 2.34+0.19a 12.88+3.53b 30.62+11.11b 1.95+0.01d
# 12-7-8 32.38+11.74b 0.38+0.08a 2.25+0.22a 13.66+2.15b 30.90+6.32b 2.700.01c
D0913-27 34.66+4.94b 0.26+0.03d 1.86+0.22¢ 11.89+1.60d 21.94+2.53d 0.34+0.01j
#H 12-4-4 27.53+5.84d 0.26+0.02e 2.27+0.11a 9.29+2.42d 21.00+4.95d 1.09+0.01f
HE 65 20.76+3.55e 0.23+0.03f 1.96+0.13c 6.27+0.99f 12.39+2.67e 0.94+0.02g
A4 (E R o 22 26.79+11.15 0.31+0.06 2.24+0.33 10.43+4.94 24.13+13.31 2.07+1.08
AE AL 8.28~59.05 0.19~0.46 1.39~2.81 2.91~27.04 4.06~72.75 0.34~3.68
75 S 2% 41.62 19.35 14.73 47.36 55.16 52.17
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Table4 Chroma of fried potato fries from different
potato varieties (lines)

i 4 B L* a* b* E
wEE

H ¥ 145 55.58+0.03h 3.98+0.06f 39.08+0.52a 52.11+0.05¢c

53.63+£0.061 3.46+0.01j 32.09+0.06h 48.96+0.02h

#H# 155 51.83+0.03q 6.50+0.08b 32.44+0.03g 51.15+0.05d

7 08-29 41.31+0.18s 12.56+0.19a 5.46+0.08p 54.44+0.23a
7 11-2-9  55.06+0.01i 6.22+0.08c 31.88+0.08h 48.19+0.06i
L1150-22 59.76+0.03c 2.52+0.06h 30.03+0.031 42.72+0.01p
7 11-6-6  55.71+0.02g 4.23+0.07f 29.82+0.03 46.11+0.01l

K 14-22-28 55.17+0.12i 5.48+0.72d 34.61+0.07f 49.58+0.14f
7 10-2-27 54.94+0.01j 5.19+0.01d 35.73+0.02d 50.39+0.00e
JE 15-11-48 52.72+0.030 2.34+0.04h 31.67+0.09j 49.30+0.03g

HH 2% 55.90£0.04f 3.46:x0.02) 30.52+0.02k 46.23+0.02|

Q072605  45.79+0.05r 1.47+0.05i 27.31+0.01n 52.99+0.04b
L16101-8  53.20+0.02n 3.91+0.06f 32.00+0.07h 49.32:+0.02g
# 10-7-1  58.72+0.0le 6.63+0.03b 36.39+0.06c 48.32+0.04i
H¥ 5%  5396+0.08k 1.76+0.07i 29.56+0.03m 47.04+0.09k
D0732-23 52.33+0.04p 4.10+0.04f 32.44+0.04g 50.30+0.04e
W% 25 53.48+0.06m 4.69+0.04e 32.15+0.05h 49.31+0.07g
P 12-7-8  60.19+0.05b 1.42+0.04i 38.52+0.02b 47.91+0.02j
D0913-27 61.95+0.01a 3.87+0.01f 35.25+0.09e 44.72+0.05m
W 12-4-4  59.16+0.02d 3.47+0.05] 31.79+0.03i 44.42+0.04n
HI 6% 5570+£0.099 1.66+0.08i 26.55+0.030 44.00£0.070
;ﬁ:ii 54.57+4.64 4.26+2.49 31.20+6.72 48.48+3.02
TALIEFE  41.14~61.96 1.37~12.70 5.38~39.40 42.71~54.65
5 REL 8.50 58.45 21.54 6.23

25 AESHRELW (R ) MEZENBEEIEN

WRYFLE BT, ARISEESF (R) Lk
BB WLE 2,

M 2 Al AFESEE R (R) WiEE
FMREVHMAAATEZE S, F 08-29 IERKL. K
14-22-28 1 DO732-23 JL 58522 ; HE 2 5 6A%.
SR RN 5 L1150-22 1R L, K 14-22-28
R 2, DO732-23 Kbk . k. HEEZE; A
R FEPEA 55038 5 LI A 1 45 SR AW A

T
it 2R ANy
|1 NG
AN

L16101-8 FE15-11-48

Q072605 #HBi2E
- JBA e A o KBR v MK o OB

2 AEBREF (R) HEEFHBREEN
Fig.2 Sensory evaluation of fried French friesin
different potato varieties (lines)

26 MEXEDH
XPACIESR 20 AR a8 B A (R ) BAH)
16 MEPRIEATAHENE T, LR ANIA 3,

B3 21 MFARESRERT (R ) BELH 16 MeREXES
Fig.3 Correlation analysis of 16 indexes of fries of
21 different potato varieties (lines)
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GRAET C.ﬂ E32% 20241F H4LH

B3 RW, EANRME, Wik, BoRitE. T 0.337%F1+0.224*F2+0.127*F3, A [a] 4% 2 i if
WEPE L BTED O FOK Ay AR ARG, b AR 4y () MEERMBZEATPN S RILE 7,
EREAAG, MR R B A, S 6 iSRS
JRERGPE | NE PR A R A I B R AR OGN Table 6 Composition matrix of fried French fries a
R RE 5 R R AORHOG, s PEEYE L BTUI AN $b5 1 2 3 4 5
BEERFEM, B MR g AT 088 oam e 0% 0ar
T A C I L B
JRERGPE b R RPE R S IR ARG, IH T RS RS P B 0.684 0580 -0.120 —0.144 0.236
PRSI E EARSE, YY) RIBOR, 1 S 2 2 R AR et 0771 0261 -0041 -0316 0071
%, B RN A R ARG, ar il LX & JRE Kt 0.833 0021 0352 0.396 0.052

ML G P4 0.886 0.090 0.339 0.256 0.051
N —H‘ﬁ . * * EL \ N . *x *
WEMAAL, b*F LB EEIEAEX, b*f a Wil oms 0196 0035 0427 019

e R WRATE AR W AR, R a* -0114 0010 0770 -0409  0.233
e e A 0 IE ARG, WK . BRI R 2 b 0.684 -0249 0603 0179 0017
IS -0.407 0.714 0.223 0.277 0.118
! = Y }E‘Z N l] I:l\ N Y 3
SEAILAR, FUSHIZRM R G ARG % 0205 0655 0010  0.391 0.392
27 FEHHaH (PCA) bk _0.168 088 -0201 0219 -0.053
u7k§7\ﬁ§%}5)f7ﬁﬁﬁ%1ﬁm% 16 /I\?Eﬁ—iﬂ\jé%& AU -0.187 0.816 -0.001 0.177 —0.306
- mp3 -0.102 0700 -0.181  -0.519 0.118
PitE, 2545 PCA 701, X 21 MREMIEITIX 43
HESE-NE PHIE Wi S3w Rt & Sus T OREERERREAWHER
L R . Table 7 Comprehensive evaluation results of
86.426%, 54\335%7\5'@%7#::%%2@7(%!363\15 the quality of the fried French fries
AR 16 M EREY S A AT DL 3 A BEAF FL F2 F4 F5 F o 4

X R AR AEARLF P 5 ARAG B E o R BN BT oS 1840 2480 0510 3570 -1620 21
KRR BEDREAE LB, DVRFAE I B R Ay T4 3740 00 2500 2050 1600 2
T A543 1 bR ’;ﬁ(%ﬂjﬁ[m I NI RS HH 155 2930 0910 0820 1010 1680 1

e s 70829 4490 0880 -2080 1250 -0.660 17
(&) WMFEE R a W3k 6.
#1129 2450 0650 0170 0580 1310 3

_ L1150-22 0070 2480 -2450 -0.200 -0.060 11
£5 DREEFRBEMNBTERR

==
Table5 Interpretation of the total variance for A 11-6-6 0480 2710 0430 -1360 0.700 4

each indicator of potato fries K 14-22-28 0240 -1960 -2250 -3.300 -0.900 18

CURGERR RN P WA T J5 A 7 10-2-27 0480 -1.280 -2.720 0310 -0500 15

Ay BIT FZEES BREU%  BiF FXEAES BEU% JE 15-11-48 -0.930 0.880 -0.050 -0270 -0280 14
5.391  33.695 33.695 5.391 33.695 33.695 Fag o B ~1590 4210 0.940 1.940 0.400 8
3584 22399 56.094 3584 22399  56.094 Q072605 _0560 2680 1520 -3790 0410 7

2.032 12.703 68.797 2.032 12.703 68.797
1.734  10.836 79.634 1.734 10.836 79.634
1.087 6.792 86.426 1.087 6.792 86.426

L16101-8 —-2480 -2100 0180 2060 -1.260 20
# 10-7-1 1660 1470 -3270 2430 0580 5

a b W N P

H¥5%5 -0.890 0350 1660 0510 -0.060 10
D0732-23 2140 2760 -3.080 1.150 -0.080 12

R e 6 A1, R RE AR N B R — A
ya 2 7 | JAN TR AN Al — 3 AN
OF R T O MEIRYE L KSR, S AR # 12-7-8 1650 -0.150 1.020 2020 0540 6
TONRRAER, =TT ar i B3 D0913-27  -0.850 -2660 4450 2820 0270 13
A F A A F A O A SR E R 1 %1244  -0620 -1660 0750 1160 0530 16
H2Z A HLE AL, LA TEM BRI FF= H#6E 2260 -0380 1160 -1700 —1.000 19

W25 0670 -1.670 0.690 -0.990 0.010 9
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? IBmBsETNE

M 7 A, HE 15 S EE AW RS
135 il 1.680, HUEHE 14 %5 (1.600),
# 11-2-9 (1.310). # 11-6-6 (0.700) %%,
28 HEREX

X 21 A HEY B AR N B AR LR A RN e bR
PEATHET . HEFERT 5 /R SRR 1555 .
145 ¥ 11-2-9. ¥ 11-6-6 filFF 10-7-1, XLbf,

At AT 2 AR B4 0 T A AR A e
(& ); MY 525 BRI SR A Al (&R ) 224
RAR ST 30 DL A, 45 2R 5 2B B A
DURAT o A 20 4> THAR SRR (2R ) B S8 2 25
B HEAFEAT R, B 21 ARl R A
SR HEA IR E L EEATEE . ANIEE 32
(£8).

®8 2N DREBHEBRGEHBESE

Table8 Comprehensive ranking classification of 21 potato fries

A i il (R MK A (R) A
EH Y =1.310 3 HH 155, §H 145, 7F 1129
== == == =S40 =1 Ad T = i =
. i 11-6-6, 7 10-7-1, 7 12-7-8, QO072605, ¥ 245, #¥E 25, HHE 55 L1150-22,
HAEE  -0500<Y<1.310 11
EHEH DO0732-23. D0913-27. JF 15-11-48
AEE Y<-0.500 7 FH 10-2-27. FH 12-4-4, 7 08-29. K 14-22-28, HH# 65 L16101-8, HFE 95

e Y NIEEFGGHE4 .

Note: Y is the comprehensive ranking of fried French fries.
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T AH SR A BT R AR, Tk Dl B T S
EIMKEE R 34, AN EE 155 HE
14 %5 | 11-2-9, JREIEM . R B KR AT
S, IR EARTE . DRI, 1P
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