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Correlation Analysis of Ellagic Acid with Antioxidant and
Carbohydrate Substances in Different Development Stages of
Blackberry and Raspberry Leaves
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Abstract: The purpose of this study was to preliminarily reveal the changes of ellagic acid in leaves of Rubus berries at
different developmental stages. In this study, leaves of 21 varieties of blackberry, raspberry and the hybrids were used to
extract the ellagic acid in the leaves by ultrasonic assisted solvent extraction method, and the content of ellagic acid was
rapidly detected by UV spectrophotometry. On this basis, five varieties were selected to analyze and evaluate the
relationship between antioxidant capacity, antioxidant content, carbohydrate content and ellagic acid content. The results
showed that the content of ellagic acid in the tender leaves of blackberry and raspberry was higher, and it showed a
downward trend with the development and aging of the leaves. The content of ellagic acid in the tender leaves of blackberry
cv. 'Baosen' was the highest up to 39.622 mg/g, and the content of ellagic acid in the aging leaves of raspberry 'Haritez' was
the lowest, which was 7.649 mg/g. Furthermore, the antioxidant capacity and antioxidant content of the leaves of the
selected five varieties were analyzed. It was found that the change trend was similar to that of ellagic acid, while the change
of carbohydrate content in the leaves was negatively correlated with that of ellagic acid. The results would provide some
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theoretical basis for the functional research and further development and utilization of ellagic acid in blackberry and

raspberry leaves.

Key words: Rubus L.; leaves at different growth stages; ellagic acid; antioxidant; carbohydrates
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Centrifuge 5804 R fIGVE S E.000L  #2E Epp-
ondorf; 759- 584N RIBEIERMT A ES S
BRZ\ F]; Multiskan Sky fiffFR{% [ Thermo Scien-
tific; FA1004 HLF X7 2554Vl HH-2 20U fE iR
KRR R NTE AR H ER A BRZS Wl KQ-300DE 8 7
HUHYL BT A A R H] o
1.2 SKWHE
1.2.1 ¥RAERRIEE S S EE  SAERRIEEU kR
BRSO, — R A A R BT FRE K
U LB R ICR . SRSk [39] Jr ik, ARSLER
FHAB A S BRI . BUATRIAAEE A 1 g, 85
WA EE By A, ERBFEEL 0.100 g M HBy K, il A
2 mL 40% Z.BEERPREGAT, 80 °C A HEHL 20 min,
A PEEUSE 7000 r/min B0 10 min, BOHLEE B
WASE o

BEAETR ST A BRI ANy SR 3L, 55 5 Sl Ak A
RPN, SR SRS M G BB GHAS I A IR 5 et o
MR A7 8 A1 () ks, ZERFIIME I 0.1 mol/L
NaOH, H ] 586 & A /) W I BLAE 357 nm 4
e RIS, 27 AR IR e 2453 BT a5 B 95%,
RZER/IN, AT EACRR P PG . 1.2.1 3k
BRI S S M RTE 1:4(viv)IRSI B Z R
15 min, FHZEME/K PR, I e\ REABL, 3 2 A o il
2% y=0.0504x-+0.003 (R*>=0.999 )i =R IIARL 5y rhi Ak
1.2.2 PrEfbiy i SR & EIE  BOATRIR
e e, WABITE ks o Bl 0.1 mol/L pH7.4 1Y
PBS YENZZ W, ¥ FOBRR EE A 1:9(g:mL) IR iER
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- B S E % Floin-Ciocalteu 714, 1
W R i By AR F OB LU oA 1:20 T 50% LB,
35 °C A HEH 20 min, &L 7000 r/min B.[> 5 min
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7.5% WHRIRENETR AN 6.5 mL ZEME/K, IR HEIRS), i
2 h J&, 750 nm &b 52 e SEREAE, 3@ bR e £k y=
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XK S g He kb TR A | B AE | TRAERIFESR A
Fh, 3 21 ASE AR = AN A KA AR R R S
PEATINAE J5 B0, BRI & bt R i E KRR H 2T
Rt B, L gt TP R S et . AR ANEAE
KA A i e PR S e A, SR AR I R
R & E B 39.622 mg/g FW.,  Z1 R 25 < iy Bt
FzLofp Rt ERIE R & Em T o T & Ry
28.066 mg/g FW . “Hf/K> . ‘YA FLMmr -5 LT 2 S b b
g 5 A R PR IR S AR T, T RO 5 gl BC
fop & AR B EA TR, MRS RE En TP Y

BRACIR T AR LR 7.649 mg/g FW, HF #3445
W, TRANEE R LR 1.
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ASTCIN 21 A b SE U AE IR 2 A . B
VA BAS ) A B B N A IR & 1 AR A R iy i R A
JESESERG T . BRI SRR AR TR 2 5
IR BE MR AS 25 . AN FUAp S5 A e T T A A
FEPRIIAT, X ST RE I . DPPH A H 2
BRAES), Sy 2SI 4B 3R C S5 E B AR b7
R, BTEDE— VP A TR/ NIRRT R 0 A
Prid. ME F P ERLIAAE WG B8 2% ° 4, DPPH H
b FE SR BE 1 AB A IR S ST A AL R AR R -
AR LT 2T BErEaS, Bt b s,
SERPEULE 1. Horpesage, cRRE . T 2 Sont
FrhditEfkieJ 5 DPPH [ Hi 3L ER AR T35k gt
e v 28 T v B AR < 4N B AT i A ep Sy i e vp o
Ko ELR 25 I8 Fig 2% 24 R A e i v B P S Pk i
5 DPPH H i 5E3 R AE 1 234t v, 5359290
331.738 U/mg prot FW Fl1 1121.784 mg Trolox/g FW,
“GN FLAAT R R AR fBRE 71 5 DPPH H AL
Bk BE J1 ¥4 HoAth % B A IR, 4351~ 92.600 U/mg
prot FW #1 420.691 mg Trolox/g FW,

AN S ENAL Wl AR 2R Aot 7/ D pin=rm =i wl PR/ (1S )
FE7R, W S S BRI BT e R B AR KRR
Ree e, mgnt iy, B SRR AR SRR Mo
FRUR S B EGRTN 161.306 mg/g FW, ‘IS Ri#ZE25° %

K1 ON[E R RAE R R [ A I SRR AR 5

Table 1 Ellagic acid content in leaves of different varieties of blackberry and raspberry at different growth stages
e i Z M (mg/g FW) @ i (mg/g FW) I (mg/g FW)
FL10-2n-1" 21.694+0.141 4 19.649+0.277°% 26.013+0.064"
A F:24510-6n-1-1" 12.566+0.0914¢ 21.209+0.215% 31.992+0.5434
i 10-5n-2 15.125+0.209°¢ 23.821+0.2348 35.506+0.170**
THE25 Ningzhi 2° 11.679+0.107C 19.532+0.337°® 22.912+0.495%
THE35 Ningzhi 3° 20.6930.160°° 27.147+0.297%® 29.364+0.224%
THEH45 Ningzhi 4’ 21.880+0.470° 24.589+0.443"° 33.374+0.222%
T+ 3% Choctaw’ 11.055+0.181¢C 17.674+0.182°% 26.276£0.157*
B 15 & 72 ‘Comanche’ 12.138+0.221% 18.391+0.524% 27.510£0.216%
R Kiowa’ 21.257+0.248"¢ 25.679+0.556" 34.672+0.243
B%J2 ‘Shawnee’ 12.567+0.312¢¢ 21.470+0.195%® 30.376+0.203%
AT 3% L 7o Arapaho’ 23.570+0.342°® 17.345+0.025¢ 27.623+0.347°*
13§25 Brazos’ 18.540+0.386C 22.484+0.184" 26.798+0.493%
/R Hull’ 17.093+0.310% 28.077+0.087° 28.498+0.020"
N L ‘Navaho’ 17.417+0.554% 22.491+0.218° 23.616+0.236%
VI Chester’ 16.960+0.249°° 29.515+0.170°® 32.689+0.327*
THE 15 Ningzhi 17 20.577+0.161® 30.958+0.292%4 30.461+0.406"
e TE‘I‘YOung” 23A06Oi0.425l: 25.947i0.364:: 28.027¢0.572:
7% ‘Boysen 28.064+0.177 32.076£0.307 39.622+0.091

I B 48 2% ‘Heritage’

7.649+0.130°

28.066+0.116* 27.757+£0.142"

M BRAN S Bristol”

s
o S FKIEMAE Colde Summit®

17.350+0.397°¢
15.757+0.068"

23.033+0.216"
24.890+0.198°*

20.966+0.304"®
16.317+0.108®

KRG T R R — AR R TR & B 308 225 57 (P<0.05) s /INE gy [A]— & B IRHYIAS ] St A ] 35422 5. (P<0.05)
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Fig.1 Determination of antioxidant capacity of blackberry
leaves
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Fig.2 Content determination of antioxidant substances in
blackberry leaves

ARG, (RIS B i B AR & e BT
SN, AR SR G Sk X SRR AN IH) & B A A
EF'T{”’ PROBEE . SR . AR | RO AR T B T
ZER N 3 FrR, KRB B HoBES Y S B
A B R TR, o o) R R
i AL, A R b R . I R
A PENE S R AR R IS, s et s
WS 19.395 mg/g FW, T AR i h
BRAE N 7.834 mg/g FW., SBIEM A P& &
g AR TG, L A 2 S o b R
0.813 mg/g FW, 1fij H: fift Ji& i v JE0E & = e s
2.841 mg/g FW., S SHIZM S EIRLI ARSI a4
Sy BT, M EGEE 2% TP R b SOk SR AR S
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Fig.3 Determination of carbohydrate content in blackberry and
raspberry leaves

25 AR S AN 5.957 mg/g FW, ZN FLAa)”
Z R 2R R 9.016 mg/g FW,
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BRACTR & B 5 HAFS bR 5 e AH OGP EBEA TAH DG M55 BT
(5% 2), Bt A K R B AL Eﬁé‘%ﬁ%ﬁ?lﬁ%ﬁ\wz
rrp R, AR AE K R B R R 5 HAR
2 P AE AR o AR S B EAH O HL AR fE#E A ],
HrP AR 5 A &t AR B SE KO S B EAH
Ko HTHEAZE C A P aRfbia#oh e FEE -
Fh, FERARGE . GV ELmr . < TAE 2 5 dfh b 5EEE
iR SR IAAHDC . BESY BTt v TP ARk Ea s
T, AEB b BRI, AEAEFR S A i
IS 0T & RS, P REE R TR D RevE
BT, BRABIR S HEIS) 0 b B S A A OG,
HARSHEARE 2 KO 2B ARG,
2.5 AREIHH RIS E 0

BRACTR A PRI Y) i 22—, A EZE R A AR
7EY), B IR EAT 2R TS A TR 2 RS . R
HAMAS R Rt PR E R S R rae i an Rk 3,
LR R T ERAEIR B BERAIR, PR AE IR DA R AR
ARE, AR S WA S . H RS R m A
HAm B AR & e HoSas 1T 8] 32.300 meg/g.
AR B S AR F= LU LT i i PR IR S e A A
A2 0.519 5 0.622 mg/g.
3 ititSgEe

Mg R RS, AMTEskEaF 1 5
R, ML A SZ E . AR ARE DRI S A =
B IEFEYITI) I O, ATTRBRHA Y EHE
B ERIS Y B B AT IR 5 e 14 A AR B BRI
SEMRTA8 T LR R B A T AR A S R TR
JoT 5 B S v B, RS A A R LA R 1
Mo FEEERAEWVERA R M s, 2R
HASF R H BT R AP T DL AR RER,
W A= hn A g &l i, HER TR SETE 5 3115
HAASAREE, nIVE I ERAE TR T B 5T 5, X B4
PREEFAETR LA N TR IS ) ot i o BAT —xE E’JJ’: X
[FIR G vl LA & B i 3 BAT — B I 4 5FIJ
JHUHE

27 L PTIR, AHES T AT ABISR, AS SO SRt
ARG IR & S AR R, AED R 1Y 21 ARz
FROFT AR SRR A Ehﬁiimﬁ’z‘ﬁﬁc%}ﬂmﬂﬂﬂ
G N 39.622 mg/g FW, W35 T-3RA& il 2
an R, AE T RE T LA A e & B B AR TR, R
IR & A ATAE— 5 25 5, (HAT LIS 28 19 /2 RE A o
TERIER SR E, B — & ISR DL R S 5 A
FHME . FEXT S PTE LT, A R IEERRAE T . LA
T e B A 5T & i g e AR N RAK LR L R
iR, For R ARG R B g
22.557 mg/g FW, ‘W5 HZE2%° M v AR & oy
Rt e, BRI O SRS AP S PR R et
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Table 2 Correlation analysis between ellagic acid content and quality indexes during leaf development of blackberry and raspberry

S SoMTiE L 7 HEm
FRR ALk LR TE YA B TH2S
Sy 0.888" 0.985™ 0.957" -0.036 0.989”
DPPH [ ty 5% e ) 0.740° 0.885™ 0.374 0.304 0.900”
S 0.995" 0.997" 0.990" 0.940™ 0.987"
T 0.763" 0.998" 0.764" 0.563 0.969
Her:EC 0.936™ —0.836™ 0.122 —-0.990™ —-0.996™
AR -0.933" —0.846" -0.977" 0.446 -0.971"
iz -0.136 -0.607 —0.248 -0.825" 0.013
R -0.763 -0.837" -0.737" —0.886™ -0.991"
HiWE —0.784" -0.917" -0.230 -0.991" -0.987"
e SRR I FIRTE0.05 /K T-FN0.0 1K - 1 2 AHE
£33 AFEYF R
Table 3 Ellagic acid content in leaves of different species
W SR AR (m”;g) Kok S50k
Fayi #Z1L41 ‘Taishanhong’ 0.622~0.132 HPLC#: [44]
Pomegranate Z%111 = [ “Taishansanbaitian’ 0.425~0.980
i We/R+Porlka’ 0.907 HPLC#: [36]
Raspberry FKAE Autumn Bliss’ 0.519 HPLCE:
#ii 3 555 Blakemore’ 15.410 HPLCEE
YIZEYN Cesena’ 17.900 HPLC¥:
H%fStrawberry(dry weight) 5 #Delite’ 20.050 HPLC¥: [45]
L Tribute’ 32.300 HPLCE:
2k Dana’ 12.730 HPLCZ:
B3 Zhenzhu’ 0.396 UPLC-MS/MS#:
£ £ I Guava 7K % Shuimi’ 0.507 UPLC-MS/MS¥%
#4152 f1 ‘Hongbaoshi’ 0.355 UPLC-MS/MSi2% [46]
PR Xigua’ 0.363 UPLC-MS/MS#k

HAE s o TEREIS) B I v, B BT SRR IR S
YU ey o 5 ARG, Yot rh AR, 3X R A
SHMEEW TG B AR R RN A T BRI BTG
P BT G A SR A e U R A DG, IR
s P X DN ) PR A Tt )V H T A2 e Bk Co A, Sy
R BTG L 4 ) T, BT M Mt PR A A E
IR A RG22 —, RS Sy s AisS
Hlle VAR, XA TR I EEAE IR & B S LA S
TR AT A RS, (EXT e B RR SR AR
TR A HOE, FEALRRTEAR RN AS R EB AL i 53 A A
[m], it rP AR R & B e H B — @ R Y
{8, AR3CEAE NG ELRAE . WA F IR AR 5 FF
RRN PR AEER S P REAl
Sk
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