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Abstract: This study aimed to systematically determine the composition of freeze-dried blackberry powder (FDBP) and in-
vestigate its protective effects against germ cell damage induced by oxidative stress. FDBP was prepared using processes
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with or without blackberry seed removal. Quantitative analysis was conducted on the contents of key bioactive components
including amino acids, polyphenols (anthocyanins), vitamins (E, folate), and trace elements in FDBP. An oxidative stress
model was established using the mouse spermatocyte cell line GC-2spd treated with H,O, to explore the protective effect of
FDBP against oxidative stress-induced germ cell damage. The results indicated that both types of FDBP were rich in amino
acids such as alanine, glutamic acid, aspartic acid, and arginine, and contained trace elements including magnesium, iron,
zinc, and selenium. Among them, the thawed and deseeded FDBP (FDBP-1) had higher contents of anthocyanins, vitamin
E, and folate compared to the freeze-dried and superfinely ground FDBP (FDBP-2), measuring at 6.89+0.13 mg/g,
85.54+4.79 pg/g, and 22.94+2.68 ng/g, respectively. FDBP-1 demonstrated stronger antioxidant activity than FDBP-2,
as evidenced by its lower ICs, values for scavenging DPPH radicals (126.60+44.78 pg/mL) and ABTS" radicals (29.84+
10.89 pg/mL). Under oxidative stress conditions, pretreatment with FDBP-1 significantly increased the viability of GC-2spd
cells by 28%. Furthermore, it effectively upregulated the activities of superoxide dismutase (SOD) and glutathione peroxi-
dase (GSH-Px), while reducing malondialdehyde (MDA) levels. In conclusion, FDBP is rich in various bioactive com-
pounds and possesses excellent in vitro antioxidant capacity. It effectively protects germ cells against oxidative damage by
enhancing the cellular endogenous antioxidant defense system. This study provides a crucial scientific basis for developing
FDBP-based functional foods or ingredients with reproductive health-protective effects, demonstrating significant applica-
tion potential in the food industry and nutritional health sectors.
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1.2.1 BELETBHIEREE FDBP-1 §il&: K Ras
URALH R T fRUR, SR TR b7, B 2ok Im 10 DRSS
BEAESBHR TP, 7R BHERE-50 ¢ B
{IXTF 10 Pa M2 N AR, YR THIE S 28 h,
DIFRIR KA S B 2 5% LR, IZRISSSHIBAA fr 22
FUARBEARRR T He ., H AR T HU A B L,
B e EHLFE T 4500 r/min, 53 AR ZE 200 H
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FDBP-2 il #&: 1 BAR AR R B E T HaS B R
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BB B R AL T SR TR, 1ok 60 H U, FRFERy
PRI AN SIS P, VAT o A H5 R, B B 4 A
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4= FRERUE BRI RE ) o

1.2.3 BRI SRFHZRE - TR TR I AR & B e
TR, PAIC/KAR A AR AR UE SR HEFRE 0.1 g,
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&, PRt ZeBIH 5l y=3.2546x+0.7215, R*=
0.9997, WREAES BT, FREL 0.1 g ByoKIEETF 10 mL &Y
ZENR K P, PR FHZE M /K5 B¢ 300 3%, B 200 pL #%
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1.2.4 HWAIIME R Folin-Ciocalteu 2 52 24
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60% ZWBEZR, T 50 °C HA A BIHEE 30 min, B4
J&, 5000 r/min Z5.0> 10 min, WA 158 I HVE&
BEo o3 IR A T BE ARV AR MRS S BE
200 pL, iIA 1.5 mL TJEHHEE 10 4%0Y Folin-Ciocal-
teu IXF, WWIEIRA)E, PEREDCHE S min, F)5,
A 1.5 mL 7.5%(w/v) BIBR BRENTE L, F-UCIRETR
5o KT BRE T 75 °C KB 10 min 2F
AT A, B S S RP vk H = . A 765 nm
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BRI A 0.4 mg/mL IBRERE RS . (AT, Kiis s
W 60% B AR, Tl B 4351028 0. 20,
40. 60, 80, 100 pg/mL [AR#E TAEM . FREX 0.1 g
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10% (w/v) B FRERVE R, TR SIS EE 6 min, e
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FREAR I, N A GE B ZE K B, B 10 min 5
5000 r/min 0> 10 min B FIF@EAMN . 355350
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10 mL ZE1RK MG A Bl 4.7, 9.4, 18.8, 37.5.
75. 150, 300 Fl 600 pg/mL BRI, WZHL 1 mL
BE RV, 5 1 mL ABTS M BRIE &5, 25
HXTHY 1| mL JE/K OBES 1| mL ABTS iR IR
A, IrARE S S IEGREG W 20 min J5 I RE 734 nm
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A1 Ay Shas O IR SGEE ; A AR S0 TR
G A, SRRSO FR IO
1.2.13 GC-2spd 40 i 555  GC-2spd 40 I >R FH &
i 10% FBS 1) DMEM 58 4= 5532 5045 3%, 15 4l i
A EIR 3] 96 FLAR A, Y& i %E > 5000 4~/FL,
BT CO, WA 37 C W IR i s 38, Bl A
SRR E S 0. 3. 12, 48, 192, 768 Fll
3072 pg/mL PYRERER T W (PBS W), Rk
BEVEE 6 P ATHL. dkERiEaE 24 A1 48 hjm, >RH
CCK-8 J7 ik An A7 e 15 0L
1.2.14 FAb$ifG GC-2spd 4l %08 1.2.13 fyJ5
IR, IF A B SR BUIM A MR S 0, 3. 12,
48, 192 Fll 768 ng/mL BYSRBRA TSR, B
PE 6 NEAL, ARLERiSE 24 h J&, A 1200 umol/L
H,0, {73% 4 h, 5T GC-2spd JE A LB iIAY, R
JFH CCK-8 Jri il A A1 R o
1.2.15 ZAEAbFaheksinl  FRIPRE AR AL E R
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W FFAMME T R B S, 25 % IZH (CON) i A
1 mL A9 JCIMLE DMEM 55528, i FDBP-1 28 i0 A
1 mL 48 pg/mL ¥ 3R B FDBP-1 %4, FDBP-
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7= 4 h 5T GC-2spd B EALHHAELAY, 16 H,0,
%5 4 (H,0,—) AN A 2 mL PBS [FFEESFE 4 h,
ZIEFFE LERIA 2 mL /) PBS & W75 Ue4i it
FER R AL S 1000 r/min B5.0 5 min WA 40T
TE, TN S e i 4i i, AR P SOD. GSH-Px
1 MDA 785 158 BH 45 i 25 SRS A i AH SCFE A o
1.3 IR

B A H Al 7 R AT &= 2D 3 Wk, SR LIS
E-FRAEZE R, S Origin 2020 64 Bit H4E1T1E
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2= Sl AT BRI 3R U7 254387 (One-way ANOVA) £ %,
*FIR P<0.05, NI FE2E5, **RIR P<0.01, M
TREE S, H RO P<0.001, MR EBIEER ., AEF
RPN B WE 2R, P<0.05,
2 HBRESH
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K1 PR RAER TR
Fig.1 Appearance of two types of blackberry
freeze-dried powder
[E: /c: FDBP-1; {7: FDBP-2.

P Fh SRR TRy S IR LD AR R, TR b AR, A 4%

TUESEREN G . PR RAR R T I 2 2 SR A

ZEHL UL 1, PR RS T4 (FDBP-1 5 FDBP-2)
A LR E 2 o IR Sy FILEBE) TG ik 25 25 5%+ (P>0.05),
{H AR 1 5 & A FDBP-1 H i i 2 1500 (5.73% vs.
4.72%, P<0.001) , 1M A5 BT & & %0 /& B W 2 KR AIG

(1.15% vs. 1.42%, P<0.01), E TR RE S 34
P 2 N B ARAR AT G, AR BT & vl Be 2 B R

FDBP-2 il T. 1 o< Z5 B R AE AT 35 00 T 1 A8 B 57

VR B A 00 T RE M B 43 A7 AR B 3 X, HLAR R

FDBP-1 7EZ W e A Wis M o & 5 L B 20T
FDBP-2, FDBP-1 4 8.7 (8.25+0.19 mg/g) . L Tl
(4.22+0.24 mg/g) . 1L 17 (6.89+0.13 mg/g) F4E/
2 E(85.54+4.79 pg/g) MI& 71 i 3 = T FDBP-
2( Wy 7.78+0.15 mg/g, B EE AR 3.56+:0.17 mg/g, 1£
1 6.31+0.18 mg/g, i3 E 57.05+6.11 pg/g) (P<
0.05); £ FDBP-1 H RGN ] iR >k 22.9442.68 pg/g,
i FDBP-2 ks, iR 5 nT B R e B oy 4k
B FRAFAE IR A S AN (] K ST By R
il A A2 B RIS A5 4 R, X B
FDBP-2 (I T B n] GBS R T4 e e P4

R 1BER TSI

Table 1  Analysis of the components in FDBPs
% FDBP-1 FDBP-2
HEH(%) 5.73+0.22 4.72+0.17"
55 (%) 1.1540.12 1.4240.11""
K5 (%) 2.68+0.18 2.78+0.15
K53 (%) 3.01£0.19 2.85+0.13
S (gg) 2.62+0.23 2.64+0.14
S (mg/g) 8.25+0.19 7.78+0.15™
BT (mg/g) 4.22+0.24 3.56+0.17"
BT (mg/g) 6.89+0.13 6.3120.18"
Y= RE(nglg) 85.54+4.79 57.05+6.11°"
MR (pg/g) 22.94+2.68 N.D

: SFDBP- 1AM L, *FIRP<0.05, N 25, *+FKRP<0.01, M
B 2ES, *LIRP<0.001, FHH P35 2555 NDERR KK

22 EBEFTHREBRBEMIN
FAIE PRI R T AN A7, FEVE T HLAAR
AT PTAA DI S A dey A PRSP 25507 TR H A B 22

VEF, HZH BURpESZ I & R ThReAe o) ST e
FhBALUR T8y (FDBP) M 2 ZE MR 40 AT R G431
(& 2), 5 R W/RHIE & 17 Phad 252, FDBP-2 1)
R LR & (13.716 g/100 g) 3% & T FDBP-
1(12.984 g/100 g) (P<0.05), FWAREZRET TR
FPRIR AP 22 M se i . A BEIR /2K EE,
FDBP-1 14275 2 3L1% 5tk (30.31%) 7= F FDBP-2
(22.21%), 1 FDBP-1 AYIE AR 25812 5 1 (69.69%)
{ikF FDBP-2(77.79%), FDBP-1 ¥ {#iT WHO/FAO
P H B FEARUEE AR E (T A 3R TR OB AR Y
40% LI )P,

#2 BT EILIR S T
Table 2 Analysis of amino acid content in FDBPs

N FDBP-1 FDBP-2
AR Frit(g/100g) (%) FrE(g/100g) (%)
REHR(Asp)  1.476+0.054 1137  1.633%0.029°  11.91
a2 (Thr)” 0.532+0.033  4.10 0.445+0.012° 324
22 R (Ser) 0.713+0.013 5.49 0.700+0.014 5.10
B AR (Glu) 1.688+0.011  13.00  2.324+0.033""  16.94
H %2 (Gly) 0.657£0.013  5.06 0.638+0.016 4.65
R (Ala) 2.209+0.006  17.01  2.811x0.059™"  20.49
AR (Cys)  0.283+0.008 218 0.298+0.013 2.17
AR (Val)* 0.749£0.023 577  0.592+0.016™ 432
FEERR (Met)*  0.067+0.002  0.51 0.054+0.002  0.39
St AR (le)”  0476+0.012  3.67  0.373+0.007"°  2.72
SEREMR(Leu)”  0.863:0.021  6.65  0.662+0.019™ 483
Ji% 22 (Tyr) 0.432+0.004  3.33 0.403£0.006™  2.94
HNER(Phe)”  0476+0.006  3.67  0.370£0.016™  2.70
WERR (Lys)" 07740017 596  0.551£0.004™  4.02
21 %41 (His ) 0.282+0.008  2.17 0.2600.004" 1.90
FiadiR (Arg) 0.797+0.006  6.14  1.046£0.011°"  7.63
Jifi 22 (Pro) 0.511£0.012  3.94 0.557+0.026 4.05

JELTHEEMR AR 9.04840.124  69.69  10.669+0.187™  77.79
TR R 3.936£0.094 3031 3.047+0.066™7 2221
MR AR 12.98440218  100.00  13.716£0.253"  100.00
T DT E LR, SFDBP-14H L, *R/RP<0.05, N &2 5, = Fon
P<0.01, Jy i i 5 22 57, #*+FRP<0.001, i & 255

Pt FDBP & S HEA AT 1L 2 R A5 &
2 (Ala) . 252 (Glu) . KA E R (Asp) . Kb &R
(Arg) X PUFh, ZEAAERT L2 0 25 5 0 35 52 i AR R
TR B IERR LN . AN 2 (1Y) 22 Fh S L 1l
SCHRFRIE 5 e AR AR % UIAE DG . 14D, D' Aniel-
lo 2808 F 58 K B, 76/ 55065 F1JCHKS e R 3 0Ok
W, RAZATR IR BE AR T IR F AR, $ 78 Hok
B SRS WU AT AEAR G, FTRES SRS TRt R .
ZefRl M, Hosseini 452973 58 s, TR THIE
1, AR R ER K 2R A N ) Z R 5 A
B INZETL . X LE R IR R, FDBP HVE & 193X dbsg
FEMR T HE Sy FLVE AE 1 A= p A 5 2 Ab $RAAL T 3853 ot
FLfil

2 BRTEPI AT FDBP P &&= #8id 6%, A
W5 2R BH, FE SRR A D — AL (NO) IR,
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YGRS A . BFEZEIRST, FDBP Hid &7 1]
VERA I H IRG BUR I~ e 2l i H 280, A H
APUEARIE PR Z 2P ot CUnfE () Fi4iEA= 3 E,
X ezl 43-a] Gei ok PHEWEH, LR pl— 22 50 2
PAEAC I B IR P2, X sl R R AR T X 1) T
GG A BCRTE . AR —Fh DRtk £ ah Bk 1 4sF
W . X —HEAE T S 258, R A P 5256
2L BRIk
23 ESPRETRSW

WEITER XTI R FDBP 19 S8R fl i Jn 386 . 2R
AN e R4 T 2 B 4T (3R 3), 45 3L /R FDBP-2 fY
5 5 (6618.37+321.58 pg/kg) S FDBP-1(943.83+
48.21 pg/kg) 14 7.0 £%(P<0.001), X FEIHEECZE A fE
IR T EARENT . BRI AR A A58 — GO E,
J& 300 ZFPEAE SR I FR BN 7, [RIEs), 86524 ATP
lilg (1Y) DI RE, M KE iz SR BE Y, BRI &
£ FDBP-1(551.414+25.14 ug/kg) A FDBP-2(155.55+
35.22 ng/kg) ¥ 3.5 fiF, ghih = O uE ] 253 o “ 7 -
TR G U LT 3R 7 AR b #25S); PiFl FDBP
4 il 5 & ( FDBP-1: 0.051+0.0021 ng/kg; FDBP-2:
0.046+0.0014 pg/kg) PJAbFIR IR, ol 25 5
(P>0.05), HEr BT 0.1 pe/kg, HEIT{CARAG H
B, AT BESZ FAskAs BRI Am AR BR A, I it AR s
NEAS 53855 A & 18350 (FDBP-1: 33.96£5.68 pg/kg;
FDBP-2: 31.36+3.54 ng/kg), 25 NG = X (P>
0.05), Zn & g, RWF T 22X e R FE R )
A4, FTRE S Zn TEAINMSE SIEAS (N4 8 2 H)
VS G S

R3 BAEHRTHY YICES
Table 3  Analysis of the trace element in FDBPs

TR FDBP-1 FDBP-2
Mg(pg/kg) 943.83+48.21 6618.37+321.58™
Fe(pg/kg) 551.41425.14 155.55+35.22™"
Se(pg/kg) 0.051+0.0021 0.046+0.0014
Zn(pg/kg) 33.96+5.68 31.36+3.54

1¥:: SFDBP-1MLL, ***3/8P<0.001, W B E2ERH,
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A AR BE R B T e 5 R R RA A, 3 — AR LR g e -
RN IR, MTHES IR T RAAR R T X — 2 4R RTE
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HTH R T WEIRSNMTA LR J), H FDBP-
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Fig.3 Effect of different concentrations of FDBP
on the survival rate of GC-2spd cells
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Fig.4 Protective effect of FDBP on GC-2spd cells
against oxidative damage
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