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Ripening-induced Changes in Characteristic Active Compounds of Different

Raspberry (Rubus idaeus) Cultivars Sourced from Central China
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(Sericultural & Agri-Food Research Institute Guangdong Academy of Agricultural Sciences, Key Laboratory of Functional
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Abstract: The total phenolic content, total anthocyanin content, and superoxide dismutase activity of four different cultivars of raspberry from
Central China at different stages of ripening were detected by spectrophotometry. Phenolic compounds were identified by ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS), and their absolute contents were determined by high-performance liquid chromatography
(HPLC). The total phenolic contents of all four types of raspberry were found to decrease during ripening, whereas their total anthocyanin contents
increased. Mei 22raspberrieswere found to have the highest total phenolic and anthocyanin contents (31.94 mg/g FW and 1.31 mg/g FW, respectively)
among the investigated fruit samples. In addition, a total of nine phenolic compounds were identified in the four raspberry samples, including five
anthocyanin phenolic compounds and four non-anthocyanin phenolic compounds. Cyanidin 3-O-sophoroside and cyanidin 3-O-glucoside were found to
be the dominant anthocyanin phenolic compounds, with lambertianin C and sanguiin H-6 being present as the major non-anthocyanin phenolic
compounds. Additionally, the superoxide dismutase activities of the raspberries were observed to reduce during ripening, with the Tianmen No.3 sample
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exhibiting the largest decrease (37%) among the investigated samples. This study provides basic data for the development and utilization of raspberries

from central China.
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Table 1 Grading criteria for raspberry fruits ripening stages
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Fig.1 Changes in total phenolics (a) and total anthocyanins (b)
contents of four cultivars during raspberry fruit ripening
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Table 2 LC-MS Identification of anthocyanin and non- anthocyanin phenolic compounds in raspberry fruit

At & PG ETA) /min - Apg/nm MS(m/z) MS/MS(m/z) 2T X
MRS R
KEHE 304 28.824 279,515 611.16068 ((M+H]") 449, 287 CyH3,046
REFHE3- (2-0-FF4E) 2534 31.619 279,515 757.21853 (IM+H]) 611,287 C33HaOn
KEFHFE 3-O-FHEF 33.163 279,515  449.10712 [M+H]" 287, 137 C,H,,0,
REFFE 3-0-Z5% 36.258 280,517  595.16506 [M+H]" 449, 287 Cy7H3,055
RYERE3-O-F BT 38.580 275,501  433.11250 [M+H]" 271 CyHy 059
FEREFEB LAY
Lambertianin C 51.797 281 1401.03468 [M-2H]* 1869, 1567, 1265, 1103, 933,301 C53HgO
WihE H6 52.98 280 1869.15813 [M-H] 1567, 1265, 1103,933, 631,301  Cg,Hs,05,
e 57.394 254,367  301.00635 [M-H] 257,229 C14HgOg
ot ) 55.62 276 165.07216 [M+H]" 107,77 CyoH 1,0,
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Table 3 Quantification of 5 anthocyanin phenolic compounds in four cultivars at different ripening stages of raspberry fruit

3-0-#AE Ha®mELHE  3-0-HAHEF  3-0-FZFF  3-0-#HEEF

S1 ND ND 8.39+1.12° ND ND
. S2 ND ND 16.95+0.84° ND ND
s S3 100.06+8.96° 27.01+3.24° 71.5£6.54° 28.23+1.16" ND
S4 239.11+6.58¢ 163.73+13.24°  192.48+15.48° 171.14+10.58° ND
S1 ND ND 11.92+0.46° ND ND
. S2 ND ND 10.91+1.58° ND ND
2 S3 134.0111.38° ND 230.91+8.96" ND ND

S4 463.93+20.45° 8.23+2.64" 797.94+£30.58"  21.75+£0.46" 19.45+1.54
S1 ND ND 17.54+1.55° ND ND
oAb S2 144.18i14.23; ND 87.85i6.54°d ND ND
S3 226.58+20.03 ND 126.78+8.54 ND ND

S4 473.05+10.58° ND 278.75+14.23¢ ND 4.16+0.84
S1 ND ND 14.26+2.26° 2314023 ND
o S2 ND ND 26.42+3 58" 7.78+0.88° ND
A= S3 62.9145.34 55.47+4.86° 50.2942.44°  57.94+£12.34° ND
S4 132.44+16.98° 196.48+8.12° 77.49+9.67°  159.32+14.58¢ ND

E BT BAEAT AR HMETE L, n=3; ND ATAMS; B—3 FAaa4aR 5 FEATANLDEH®EZR (p>0.05), &

Bl NB SRR FARA R EKEF (p<0.05).
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WHEER PR 3-O-MA M RZZER 3-0-
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W RRFREMBER SE P R GEAGR 3-O- MM H K &
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ERER 3-Q-O- MM =H TS EiRm (19648
mg/kg FW). DL EZEREREH, A B i Fiopes 255 5 5 o

SRR P AR (AL S BAFAEZE 7P, Chen 220
WEFE T 15 Pl RE RS sR e o & AN A, ARHE AR
I RIS B K 15 P AR RS04 3 A, R4
RN R IR S IR (A B 1A 4633 mg/100
g DW, HHFEREOHRMBUEMARTEHRER
3-O-HI MR EAER 3-0-=8H; ML
RIS ENAE 704 mg/100 ¢ DW, HEF
BHRAREHR 3-O-MFTMREHR 3- (2"0-
IR 258 1F. Yang S0 IS [ B Bl 2
R le T R EMAE SR & EA R ER .

24 WA ER L RAME T AL EH B X

Wy R A

DY Fp R SR St L S Y 4 MR R R
Y, 43932 Lambertianin C. Hukfi 25 H-6. B 25HRAN
BAEIR (K 4). Hr, ¥ERZ. Lambertianin C FIth
HE H-6 J& THAC 72>, AR A 2 ——
RS ™ A R IR R R SR I, AT i g

JRARHT, AT IE BRI B 1 FHET . 0 b 2 5 sz o
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228y % L Polka Al Polana Y 4% i b 5 52 i
Lambertianin C FlHif 2 H-6 & & 5 A B0 B0 T2
S 64%. FRAKHEMREIRIZAN, 56 220 WR/RRFZE
AR T =W SR S H i #2 H Lambertianin C,
Hiukd 2 H-6 AT A2 & 55 IR R RS . i

BRAERRAE DUFI I R SR S R 1 5258 N R Ja BT
ke . G DUMRRE RS e U, 28 22 PARRER 2
*H Lambertianin C i 2% H-6 A 2EHHATERALERIT) &
B NEE, 708 166.27.208.93.2.64 1 33.02 pg/g
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*® 4 MFRERIRFIIET 4 AL HBMAYRNEE (ue/s W

Table 4 Quantification of 4 non-anthocyanin phenolic compounds in four cultivars at different ripening stages of raspberry fruit

i FRENEL Lambertianin C W& H-6 AR 2R iRy
S1 135.51£10.58%  209.86+12.64%  2.74+0.40° 95.33+4.32¢
s S2 387.35+20.45" 368.16£20.34"  3.68+0.15°  26.70+7.23%4
kA%
S3 216.35+5.56 194.23£20.36%  0.64+0.20° 11.33+1.33
S4 124.77+16.34%® 117.51£6.54° 0.48+0.08* 15.13+0.84%
S1 459.06+20.58 687.78+35.46' 9.55+1.32¢ 123.13+8.64"
£ S2 316.56+12.662 399.00+8.458 5.65+0.85¢ 37.03+6.42¢
S3 192.21+8.46%" 236.09+20.14°  2.30+0.30° 16.94+3.22%
S4 166.27+10.12%°  208.93£16.58%  2.64+0.16° 33.02+4.84%¢
S1 427.36+34.22 362.19420.670  4.39+0.28° 53.56+7.62°
- S2 142.21412.45%¢ 110.32+13.44°  0.6120.06° 11.114£2.32°
LN 3
S3 135.88+8.36™ 114.78+10.62°  0.55+0.12° 9.46+1.48"
S4 105.7310.84° 77.09+8.88* 0.40+£0.08*  19.13+3.36™
S1 388.46+26.43" 7402241644  2.46:042°  184.32+20.32
0 S2 32242416545 43552+3048"  1.08+0.13*  79.07+15.48"
M=%
S3 160.33+5.24% 210.81+8.64% 0.67+0.09° 18.02+2.32%
S4 122.95+6.88% 171.39£11.32°  0.59+£0.07°  20.1844.55™

E BT BALAT A B TR L, n=3; ND ATAMY; B—3 FAFa40R 5 FERTFAR LD ES®EZR (p>0.05), &

R NBFEAFHRA REHEF (p<0.05).
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Fig.2 Changes in superoxide dismutase activity of four cultivars
during raspberry fruit ripening
7E:abocde  f RTARBILAZ A 49 B F M £ F(p<0.05).
IR A RIRAALE I A U LT AE . KR AN
A BORFEM, I anE A RN R BRI KR

150

P R PR AT XU AR A B Al — ol SR
o DL IR VERE, T DUR SR IR UK SR R AT
P, BEAEDUE. Poi SR AT e,
PRI, T 9 SR S A e SR A A B A PR A AR
WRINDELR . Wil 2 R, BR3E 22 PEE R SEAR,

LAt = ol bty 2 SR SI i o i R SR S A B D
ﬂz?hiﬁfﬁ%ﬂﬂﬂ%%ﬁﬂ SR A
BAURGETE 25 EAHE FREREH . AR R S5
BREE, RIT= 5 WR RS A BB S
PERRAKI, 1A 495.01 U/lg FW. L EZ55REH], 1Y
Tofobry 2 R S A 2 R A A B A B T SR 2 T
B =k

3 £

AT TR T AN R A B DU A 25 SR S A
By, EEEH. EOHIREESRYI . AREOHEIIER
Yl HEEACEA BRI, 2 DU AR SE
PR RE T, B S R A A A SR 2 T R
@, MmESEOHESES ETHEs: RAERZR



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

FHEETE- HR DT O 8 Y 9 PRI ZRM5, 433
KI5 3-O-MRFEE . REHER 3-Q"-O-HE =5
T REHZE 3-O-FEMET . REHEK 3-0-EFL,
RAEIEZ: 3-0O-4] &) M . Lambertianin C. Huffii & H-6.
PRERAANTACRR s IR AR my 2 AT R, K2R
HE 3-O-MRMEH ARG 3-O- MG H 2 WA R
SEFR B ORI, Lambertianin C FIHLA
# H-6 WRER L EE WAL AT R Y. Pl
WFFTEE AR, WAE S S S P AT AT B FUARFAIE
TEEVIIA BRI R, AR AN B ) 75 SR A& )
PIREFR S A FE R A DX b 2 SR S PR R
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(1]

Foster T M, Bassil N V, Dossett M, et al. Genetic and
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