P @ ﬁ 26 (KSR CA
b ™I a ® o M BRI VBB IST
E3zRY

# B I * M ®  SCIENCEAND TECHNOLOGY OF FOOD INDUSTRY JERZOEITH
WNE - &l - Mizc - A - ©8 thEEYIEF kRS ino Med SERERT
hEEREET
BRARBEIIRGERE RAE = 27

Mg, LHE, REX, & %, KEL
Freezing Characteristics and Metabolite Analysis of Edible Cassava Root
LIN Liming, WANG Qinfei, YU Houmei, XU Huan, and ZHANG Zhenwen

TELR R BE View online: https://doi.org/10.13386/j.issn11002-0306.2021110205

T AT BERRAR  HAt SO

Articles you may be interested in

Y BRI PR Gl AR T AR ) S TSI 2 A
Correlation analysis of microbial community and their metabolites in cold fresh Tan lamh

rin Tl RHE. 2017(08): 322-325
SR VEM AR 22 S5 ) DR ) 4B

Cooperative analysis of the differences in metabolome for genetically modified crops

B TR, 2017(17): 135-140
B AU A BORTE B TR 58 i 1

Application of targeted metabolomics technology in nutritional diseases

B T RHE. 2017(18): 323-327
ST F 0T TR R L et AR Qi i As 1k

Metabolomics Analysis of Changes in Metabolites During the Fermentation Process of Congou Black Tea

i Tl RHE. 2021, 42(21): 8-16
BEHIARZE R IO G TR S AP RE A SR

EE (amBHoUR) FSTA
thER W OHRICSTPCD
RCCSEFREIZUFAREH
thE RO EITIA

Effects of the edible cassava whole flour on the quality, texture characteristics and digestive performance of biscuits

i T RHE. 2017(09): 55-59
TR R A S D RE R 5T it e

Research Progress on Fermentation Metabolism and Functional Characteristics of Edible Fermented Extract

rin Tl RHE. 2021, 42(20): 408-414




5 43 % 4 154 i Tl B Vol. 43 No. 15
2022 4 8 H Science and Technology of Food Industry Aug. 2022
MOLER, E5 K, RIEE, B B AR B AR R AR e AU e B (0] B T B, 2022, 43(15): 1-8. doi:
10.13386/j.issn1002-0306.2021110205

LIN Liming, WANG Qinfei, YU Houmei, et al. Freezing Characteristics and Metabolite Analysis of Edible Cassava Root[J]. Science
and Technology of Food Industry, 2022, 43(15): 1-8. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2021110205

 RRE R

AR YRR R AU 15

WigR, TEK, KEX, B £, KiRSC
(P B i R A F IR A VR S A TR R PT/ B REHm LE KR 5P,
HEEAEM 571737)

W EATHRAERRAZHERLRM T4, ARARERMA Ed 95" Hareat L, @ide FH2ENTRM
K, PAREIANAFEWAZTAAERMEG AR E, 45 RBESHETEZFRKBHIT. EEEN: K
EHARTRE ALK ETEE AH-06 £-1.1 C, BRAERZENTRLR—2; RRFMZGTEREHBHEELSIHEE
KA i B A K, 2HH 7.00% A= 26.84%, BEIREHELEEFATE (P>0.05) , mAKERSMEL
FERER, A 64.07%; MXMERZSHAN, KESTEREANY, GXKZTEAMXXE, BRHASGZIEMAXX
Zo e R E O A, STBANLKBRREELE 4 NEH L FEFRAGRML, UERA AR KHEEZ
FEBERD, A INEEEFNRMY. ZE&B P D RB-KTIR- KGR ERG DRI, RFIRAKX LR, 7T
B SRR B R B R A Ko T RERTHAB KRERBIECBREIZ L,

KRR AE, R EEE, RS, 2 7Rt A 240

FE53%£S:5379.2 SCHEFRIRES: A XEHS:1002-0306(2022)15-0001-08
DOI: 10.13386/j.issn1002-0306.2021110205

Freezing Characteristics and Metabolite Analysis of
Edible Cassava Root

LIN Liming, WANG Qinfei, YU Houmei, XU Huan, ZHANG Zhenwen )

(Tropical Crops Genetic Resources Institute/National R & D Processing Centre for Patatos, CATAS,
Danzhou 571737, China)

Abstract: In order to understand the freezing characteristics and metabolites of cassava root, the edible cassava variety
“South China 9” was taken as the research object, by measuring the freezing-law and related influencing factors at the
head, middle and tail of cassava root, combined with non-targeted metabolomics to analyze the differential metabolite. The
results showed that: The freezing temperature was from —0.6 to —1.1 “C in different parts of root, but the freezing time was
different. The highest values of soluble solid content and starch content in different parts appeared in the head, which were
7.00% and 26.84% respectively, but there was no significant difference among different parts (P>0.05), while the highest
value of water content appeared in the tail, which was 64.07%. Correlation analysis showed that freezing point was
negatively correlated with soluble solids and water content, and positively correlated with starch content. Compared with
control, 41 differential metabolites were screened under low treatment by the non-targeted metabolomics, and the
enrichment degree of phenylalanine metabolic pathway was the highest, with a total of 9 significant differential metabolites.
In this pathway, the expression of hippuric acid and benzoic acid was up-regulated, which might be related to the response
of root tubers to low temperature. The results provide theoretical reference for low-temperature storage in the future.
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Fig.1 Sampling for cassava root
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Fig.2 The freezing curve type of different parts of cassava root
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Table 1 Comparison of components for different parts of
cassava roots

B (%) BS:! i 2B
oK 60.97+0.65° 63.33+0.50" 64.07+0.42"
ALV B 7.000.10° 6.90£0.20° 6.53+0.15°
TER &R 26.84+0.44" 26.42+0.12° 26.47+0.54*

TRV NG PR 22 5 .3 (P<0.05); R T AR RIS FhkRon 22
S (P<0.01).

SEIRARIE Y, IR AT RE S s i AR (1 . AHSCHRE | B
RS AT G, T AT 2L 50IE .

2.2.2 FHCHESHT  HER 2 FIE Y, AT ETR A
LK B W T ARG (P<0.01), KSR (Freezing
Temperature, FT) W 5 A EMERTEY) . Sk E 2 AAE
KXR, HSIEM T HEIEMHICCR,, BIATHM: TR
Y. BroKEL SR, D) R I R AL, {EAH GRS 2
(P>0.05), X 1] G815 JE MY 2 A BR VK 5 32 41 I PN K o
45 M ERITSE N, & NPT R E T 5 B R AR AR
FEE S
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Y o it 001079 —-0.22833 1 & 10 1 11 )
VKRS -0.22729 -0.22372  0.6418 1 'ﬁ )
Vs IV HE K (P<0.01). | 201
23 dEEERBEE S e RS PCL 2028%)
23.1 RESRE/ N TR BT N R FORIRRERRTY: 0.92, BRI HINAE S 0°Y: —0.05
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LIPID MAPS 85048 XTI 24 T D Re Al 0 28 1
B Hoh, 22 AR g i ik 322822 VIP, FC B
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ction) %), VIP I3 AT 532 10 BEilik; FC 4522 g %
SAREL(Fold Change), o BEAIH 76 H e 2L v T &
7 A ) T S A R MR 9 LU A5 PR @ T g°
test FHEAHEICT, 4525 5 AP . BB i
VIP>1.0, FC>1.2 8% FC<0.833 H P<0.052625291 4f Q&é
ity 41 a2 AU, G 4E 3 FhIRID IR 20 -10 0 10 20 30
; ST A S E s B M 38%
VHRR . BEANAT AR . 1 PP e R . 1 PP S BEAZ TR L04g--mmaen - @ -
1 FPERZE . 1 Fh B RS . 1 Ak sE R iR K AT A9 . 051« - =
1 FhZR Ve — 35 5L Bk L K 22 FhoR U R, ok, 008 . .
31 Ak B, 10 AT, 2RI 3. S 05+ -} -
2.3.3 ZFRETWESESHT R 41 A 104 \
[ 22 AR i KEGG B 4R3I ST, 221t 15y - -
ZAERET R E S it E £ W E (E 4) . E -

ME 4 7T RIF H, P<0.05 BARIHSIE A 3 4%, 432
P AR 1L 19 18 % (Phenylalanine metabolism) | I§
Wit A= & 8 (Fatty acid biosynthesis ) FlIDGE [EAE
JH(Carbon fixation in photosynthetic organisms) ., H:
Hh, 2R BRI B 0 SR R, RNz g b 22
AU S SRR A . UL vKIRAN IS HUR R
Nz b 22 AR B &2 . il ROC it
2k, nT A Y, Hze 5 AR ROC HiZEF J7 rd AR
(AUC)TE 0.9 LU L (5] 5), RINZEGE R BA B = i
WatE.

2.3.4 SCHCHLEE AT SXTIEAHLLE, vRIEALEE T
AT R I s an il 6 o, (IR R i,

T T T T T

T
00 02 04 06 08 10
A

B3 PR U 1Y PLS-DA 1355 B KX Sk &
Fig.3 PLS-DA score diagram and valid diagram under
two ion modes
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Table 3 Differential metabolites between ice temperature treatment and normal temperature control
5 F4 2 P ROC VIP Up/down
1 Dihexylamine —. i C,Hy,N 0.001121 1 2399198 !
2 Decanoic acid2$i C,oHy0, 0.002251 0.972222 228682 1
(2R,38,4S,5R,6R )-2-(hydroxymethyl)-6-(2-phenylethoxy ) oxane-
3 3,4,5-triol (2R, 38, 4S, 5R, 6R)2-(FRH L) -6-2- R LI Edt-  C ,Hy04 0.002564 1 2310237 1
3,4,5- =%
4 4-Coumaric acid 4-7 G fig C,Hg0,4 0.005818 1 2.158125 1
ethyl2-methyl-1,5-diphenyl-1H-pyrrole-3-carboxylate 2-H 3-1,5-—.
5 I LIS 3 J 2 2 CyoH gNO, 0.008475 0.861111 2.079473 1
6 Hippuric Acid bR CyHyNO, 0.008785 0.972222 2.093368 1
2,3,4,9-Tetrahydro-1H-f-carboline-3-carboxylic acid 2,3,4,9-VU (-
7 TH-p- D b3 -2 C,H;)N,O,  0.009127 0.888889 2.042372 1
8 Xanthurenic acid # Jk 2 CH;NO, 0.011667 0.944444 2.036992 !
9 Azelaic acid - /% C,H,,0, 0.013363 0.944444 2.043326 1
10 5-Oxoproline 5-3% Mk CsH,NO; 0.013538 0.944444 2.122606 1
(127)-9,10,11-trihydroxyoctadec-12-enoic acid (122)-9,10,11-=%%
11 S - 124 C,gH;,05 0.021975 0.888889 1.891101 1
(11E,15Z)-9,10,13-trihydroxyoctadeca-11,15-dienoic acid (11E,
12 152)-9,10,13- =3+ A Bk-11,15-— TR CsH3,05 0.022802 0.916667 1.912454 1
13 L-Aspartic acid L-X [ J& &R C,H,NO, 0.024127 0.861111 1.864644 !
6,7-Dimethoxy-2-ox0-2H-chromen-8-yl -D-glucopyranoside 6,7-—
14 R 324 42 H- -8 5-D- T AU C;H,000 0.025378 0.861111 1.823265 1
15 Valeric Acid/% 2 C,H,,0, 0.025777 0.944444 2.051199 1
2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-6-methyl-4H-chromen-4-
16 one 2-(3.4-— FEHERHE) 3,57~ = K H-6- 1 3-4H s -4-Fid CieflpO7 0026004 0888889 1816155 !
17 N6,N6,N6-Trimethyl-L-lysine N6, N6, N6- = F 3-L-#1 2 CoHyoN,0, 0.026049 0.833333 1.930167 1
18 Deoxycholic acidffii (/2 Cy,H, 00, 0.026087 0.861111 1.951633 !
2-(2-hydroxy-3-methylbutanamido ) -4-methylpentanoic acid 2-(2-¥%
2 R H,,N
19 AT T A )4 C,H,NO, 0.026429 0.888889 1.832908 1
20 LPE 18:3 C,3 HpNOP 0.026506 0.833333 1.989631 !
21 Viscumamideffit 77 A B i CyHssNsOs  0.027731 0.888889 1.958203 1
22 5-Methyluridine 5-F 3% R C,oH1aN,04 0.0281 0.916667 1.980486 1
23 Dodecanedioic Aicd|* %t & C,H0, 0.028797 0.916667 1.88303 1
24 Argininosuccinic acid#f 235 FMR CioH;gN,Og  0.029337 0.833333 1.874336 1
25 Phe-Pro7 N 2 2 -l 2 R C,HgN,O5  0.029517 0.861111 1.801609 !
2-(acetylamino)-3-[4-(acetylamino ) phenyl]acrylic acid 2-( Z. Tt
R o (o)
26 ) 3-[4-( 2L ) S R CisHNOp  0.03158 0.861111 1.791158 !
27 Hesperetin 5-O-glucosidels 7 % 5-O-#i 4 i 1 Cp,H,,0,, 0.03785 0.833333 1.907904 1
28 gamma-Glu-Leu p-73 &R -+ & C HyN,05  0.038872 0.861111 1735533 1
29 Benzoic acid 4 F iR C,H,0, 0.038953 0.888889 1.802102 1
2-[5-(2-hydroxypropyl) oxolan-2-yl]propanoic acid 2-[5-(2-F2 PN 3&)
30 M0 HE R CyoHig04 0.03915 0.861111 1.831315 1
31 Cysteinylglycine*}: Pt 22 H 2 iR CsH;oN,O5S  0.039345 0.833333 1.705278 !
o . e, CoH,,N;NaO
32 Cytidine 5'-diphosphatefifi 1 5'- — 2 oPasNE 10 039554 0.888889 1.701048 1
2
33 Isophorone 7 i /K i C,H,,0 0.039891 0.861111 1.792245 1
(3R)-4,4-Dimethyl-2-oxotetrahydro-3-furanyl beta-D-
34 glucopyranoside (3R)-4,4- —F1 3240 f R U A -3- Wk g SLB-D-MLM ] C,H,,O04 0.041698 0.805556 1.871978 1
HHETE
35 Kaempferol 11 % i} CysH,006 0.042748 0.861111 1.726868 1
8-methylretusin-7-O-beta-D-glucopyranoside 8- 3EHi7]-7-0O-4-D-iit
36 Y % dﬁ%‘%ﬂ%ﬁ A CyHy0)y 0.043845 0.888889 1.776781 0
37 Nicotinamide-N-oxidefH Bt Hie-N-4 4L C4HN,O, 0.045386 0.833333 1758254 1
38 Coumarin?y 5 % C,H,O, 0.046219 0.833333 1.761383 1
1,7-bis(4-hydroxyphenyl)-5-methoxyheptan-3-one 1,7-X(4-J53EK
39 )5 4 i3 CyoH,0, 0.047074 0.805556 1.737262 1
40 Decursinol % C,H,,0, 0.047456 0.916667 1.729854 1
41 YQH CoHyNgOg  0.049877 0.944444 1.679336 !
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