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Differential Analysis of Flesh Compounds of Grapefruit of Guipuyou
No. 1 at Different Maturation Stages Based on Widely Targeted Me-
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Abstract: Grapefruit of Guipuyou No. 1 planted in Guangxi has high and stable yield, and the flesh is juicy, suitably
acidic and sweet. The widely targeted metabolisms of flesh was determined, the differential metabolites were screened
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and the metabolic pathway was analyzed to understand the difference of flesh composition at different maturity stages. A
total of 529 metabolites were detected from grapefruit of Guipuyou No. 1, including 159 flavonoids, 64 Phenolic acids,
64 amino acids and derivatives, 53 others (saccharides and alcohols,vitamin, others), 51 lipids, 40 lignans and coumarins,
34 nucleotides and derivatives, 29 alkaloids, 28 organic acids, 5 terpenoids and 2 tannins. The differential metabolites at
different maturity stages mainly included flavonoids, phenolic acids, amino acids and their derivatives, lipids, lignans
and coumarins, and most of them were down-regulated. The down-regulated types of phenolic acids, amino acids and
their derivatives, lipids and other types increased, and most of them showed a continuous downward trend with the in-
crease of fruit ripeness. Most of the down-regulated flavonoids showed a sharp decline in the early stage of fruit ripen-
ing, and then increased in the late stage of fruit ripening. The types of down-regulated flavonoids first increased and
then decreased, with the most in the middle stage of fruit ripening. The relative contents of synephrine, spermidine, be-
taine, shikimic acid were consistently decreasing. The relative content of limonin increased in the early stage of fruit
ripening, and decreased significantly in the middle and late stage of fruit ripening. The most significant enrichment
pathway of differential metabolites was flavonoid biosynthesis in the early stage of fruit ripening, but it was phenyl-
propanoid biosynthesis during the whole ripening process. The fruit of G, had the best taste, with soluble solids of 12%
and solid-acid ratio of 23.24, which was suitable for fresh eating. However, phenolic acids such as caffeic acid and fer-
ulic acid, flavonoids such as isoquercitrin and hyperoside decreased significantly during this period. There were many
kinds of metabolites in the pulp of grapefruit of Guipuyou No. 1, which was rich in nutritional and functional compo-
nents. The best picking time for fresh food is from late October to middle November. Fruits used for health care or
medicinal purposes should be picked in advance according to the efficacy requirements. This study would provide a
theoretical basis for the study on the nutritional and functional components of grapefruit of Guipuyou No.1, and provide
a reference for the best harvest maturity of its different uses.

Keywords: grapefruit of Guipuyou No. 1; maturity; metabolomic; fruit compounds; fruit quality
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Tab. 1 Sample information

SR FL G i
Picking date Sample numbers Group
2019.09.28 GPY1-1-1 CK
2019.09.28 GPY1-2-1

2019.09.28 GPY1-3-1

2019.10.22 GPY1-1-2 G,
2019.10.22 GPY1-2-2

2019.10.22 GPY1-3-2

2019.11.15 GPY1-1-3 G,
2019.11.15 GPY1-2-3

2019.11.15 GPY1-3-3

2019.12.09 GPY1-1-4 G3
2019.12.09 GPY1-2-4

2019.12.09 GPY1-3-4
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Tab. 2 Basic physiological indexes of fruit in each comparison group

5] HL IR T Yz K12 LS| ik TR nEMEEIEY T R [ 12 Lt
(;rou s Fruit Vertical Transverse Fruit shape Pericarp thick-  Soluble solids Titratable TSS-Acid
P mass/kg diameter/mm diameters/mm index ness/mm /% acidity/% ratio
CK 0.52+0.03" 88.71+2.22° 107.48+0.68° 0.83+0.02° 3.49+0.30° 10.48+0.07°  0.64+0.02*  16.38+0.57°
G, 0.57+£0.03*  89.93+2.01* 109.13+2.02% 0.82+0.02° 3.58+0.10° 10.5240.06°  0.58+0.01°  18.04+0.27°
G, 0.63+0.07* 94.43+1.93" 114.60+4.19° 0.82+0.01*  4.10+0.21° 12.00£0.10°  0.52+0.02°  23.24+0.77°
G; 0.65+0.07" 94.41+4.12° 113.95+5.04° 0.83£0.00°  4.88+0.47° 11.41£0.11°  0.49+0.02¢  23.47+0.94°

T FSIARNG FRER R R 4 8] 25 5 B 3% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference between different groups (P<0.05).
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Groups Model RX RY @
CK vs Gy PLS-DA 0.811 1 0.995
OPLS-DA 0.780 1 0.987
CK vs G, PLS-DA 0.797 1 0.990
OPLS-DA 0.838 1 0.993
CK vs G3 PLS-DA 0.890 1 0.998
OPLS-DA 0.851 1 0.994
G, vs G, PLS-DA 0.825 0.999 0.956
OPLS-DA 0.795 1 0.982
G, vs G; PLS-DA 0.780 0.999 0.996
OPLS-DA 0.710 1 0.986
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Fig. 2 Composition chart of primary metabolites of Gui-
puyou No.1 flesh
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Fig. 3 Heatmap map of sample metabolites
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Tab. 4 Relative contents of differential metabolites of amino acids and their derivatives and lipid in

fruits at different maturity stages

Wy FHXF 45 & Relative content LA FHXF 45 & Relative content
Compound CK G G, G, Compound CK G G, G;
2H e 221.63 20518 117.24 7935 | AR 12.87  10.12 6.45 4.67
N-PA 15 H R 281.14  159.58 8332 76.79 | 9-FRE:+ Bk =R 1.80 1.36 0.82 0.51
L- KA Pk 4412.60 3723.45 1806.65  956.05 | 9-F23E-10,12-F /\f% —HH R 4.52 3.42 2.23 1.97
L-# 4R 5405.10 3439.55 223230 1538.60 | 9S-#JE-10E,12E-+ /\ % MM 425 3.13 2.08 1.84
DL-A 4R 437325 3290.95 2464.80 1566.35 | 9,10-FR& +/\ Bk TR 15.04 1131 6.76 4.87
3-BREE-HEAEIR  752.87 25746 282.87  302.25 | 13-A4C-9-5FE-10-1 /R 3.11 2.28 1.12 0.71
2Pzt H = 11.85 6.45 2.47 3.01 | FAZEAER H s 0.49 0.51 0.21 0.00
2,6- —HHPI IR 3095  23.60  23.50 12.19 || Hhw b B g 0.49 0.23 0.11 0.09
FILOWILRNAR 21433 163.15 9231 89.96 | W IMBEAGEENLTL 14:02n 5:44) 7.15 4.69 3.31 2.79
LBt R 42.08 2532 2355 15.38 || ¥ LB AR E B 15:0 194.15 106.24  69.08 3529
N-Z Bt-DL-{4 % iR 8.62 8.59 6.11 3.06 || ¥ LB NG Ik IH B 17:0 40.17  26.66  17.94  13.66
Vi 22.28 20.92 12.58 4.23 || 2,3- " HEN3E-9,12,15-1 /N 19.32  12.03 7.95 8.56
—PREE-C b
L-fli &R 2170.35 3001.95 4317.85 4783.90 | ¥ ANEHEAHGE 18:4 0.53 0.34 0.26 0.28
TRk TR 4.80 480 13.18  13.04

TE: SR 2 AR AR X & (A5 T RN E AR & BB 107 5, PR B/NEURUR 2 (BB AR & ik B2 AR B0 x R fY 6335 0

4 U T AR

Note: The relative content value of each metabolite in the table is equal to the original measured relative content valuex107*, and then
keep two digits after the decimal point. The relative content of each metabolite is the peak area of its corresponding chromatographic peak.
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Tab. 5 Relative contents of differential metabolites of phenolic acids in fruits at different maturity stages

Y5 FAX} %5 Relative content L AR i Relative content
Compound CK G, G, Gs Compound CK G Gy Gs
gﬁ&[ﬂ(g%g;;@ﬂﬁ' 732.66 49550  392.66 304.13 g;gggiﬁ%“@'“%%% 3025 27.07 2041  14.26
JFILAS IR 1226  10.11 6.82 4.84 || BRI TR £ R 1.19 1.37 0.44 1.19
R 17.16  14.84 7.57 7.16 | Xt-FF G 0.00 0.00 1.35 3.06
Wi 7R 93.55  80.47  40.14  31.90 | FlupRiE 0.51 0.56 0.89 1.65
of 258 12 3420 3416  13.40 8.69 | PAKHEE 2.92 5.03 7.89 8.89
) 2 P S R TR 3.63 1.57 0.39 0.66 | 3-O-%F HHiZ T 0.76 1.17 222 4.19
Bk B * 39.13  30.69  16.66  18.06 | Ji-3-% 7 GEBEZE TR 1.47 2.99 571 7.62
(SN 16.02 10.76 6.58 7.26 || I AL P 4 7 626.18 804.40 1312.20 1700.30
I 258 15k 7 2 13557 11032 78.16  60.60 | —-O-V& & T-FH Fe 0.54 1.16 1.30 0.56

TE: R A AU AE & (A5 T IR0 8 A & B X107 5, PR B/NEURUS 2 R BUE s AN 2 5 B AR JB0 X R Y 6335 0

O

Note: The relative content value of each metabolite in the table is equal to the original measured relative content valuex10™, and then
keep two digits after the decimal point. The relative content of each metabolite is the peak area of its corresponding chromatographic peak.
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Tab. 6 Relative contents of differential metabolites of flavonoids in fruits at different maturity stages
L FHXF 5 & Relative content Wy FH XTS5 & Relative content
Compound CK G, G, Gs Compound CK G G, G;

7,8- " F2Fk-5,6,4'- = H I E T 322 1.82 1.25 3.56| SRZEZR FILp-RIEH 591.07 383.41 285.82 420.12
Hi Kz % -3-0-(2"-0- 4 it 3%)- B -D- MR 3-0-(3- R FE-3-H 3L,

197.12  89.75 50.17 125.11 . > 36.43 26.46 1739 43.46
R 2 A T TR ZR)-HERETT)

N 2 _ _ _x/ﬁ 3 /\QQ
Zgifﬂ) B -D-F AR (22 242,52 92.71 78.62 179.07 | 2'-¥53k-3,4,5,4'6"- 1 S Sk & B R 297 227 297 001
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4 U T AR

Note: The relative content value of each metabolite in the table is equal to the original measured relative content valuex10™, and then
keep two digits after the decimal point.The relative content of each metabolite is the peak area of its corresponding chromatographic peak.
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Red colour represents the up-regulation of differentially expressed metabolites, and green represents the down-regulation
of differentially expressed metabolites.
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Fig. 4 Metabolite histogram of first 20 compounds of fold change
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Fig. 5 KEGG enrichment map of different metabolites
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