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Abstract: To investigate the effects of sea-buckthorn oil content and manuka honey addition on the functional activities of
sea-buckthorn puree, the in vitro antioxidant, antibacterial, and immunomodulatory effects of Chunjian sea-buckthorn puree with
different oil contents and with or without manuka honey were determined. The antioxidant experiment was conducted using DPPH
and ABTS methods. In the antibacterial experiment, Escherichia coli, Staphylococcus aureus, and Bacillus subtilis were selected
as the test strains. The Oxford cup method was used to determine the diameter of the antibacterial zone, the agar diffusion method
was used to determine the minimum inhibitory concentration (MIC), and the micro-broth dilution method was used to determine the
minimum bactericidal concentration (MBC). In the immune regulation experiment, the mouse macrophage strain RAW 264.7 was
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selected, and the levels of cytokines such as IL-15, TNF-a, and IL-6 were measured. The results showed that the ABTS free radical

scavenging rates of Chunjian sea-buckthorn puree with different oil contents and with or without manuka honey were approximately

10 100 pmol-L™ V¢ equivalent. The inhibition zone diameters against E. coli, S. aureus, and B. subtilis were all more than 9 mm.

The LPS-induced increase in IL-15 and IL-6 levels was inhibited by Chunjian sea-buckthorn puree containing 6 g/100 mL oil and

manuka honey. Moreover, with the increase in oil content, the antioxidant and antibacterial abilities of sea-buckthorn puree were

enhanced. The in vitro antioxidant and antibacterial effects of sea-buckthorn puree were improved by increasing the oil content, and

the immunomodulatory effects of sea-buckthorn puree increased with the addition of manuka honey.
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Table 1 The determination results of the bioactive components in

Chunjian sea-buckthorn puree

A 4.5 g/100 mL 7/ #kih +

AP FEEDRER
% (VAR BB )% <02
L(+)- #3285 /(mg/100 g) 56.1+22
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87 /(g/100 g) 0.96 + 0.00
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manuka honey
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BF R /(g/100 g) <0.15
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Fig.1 The effect of sea-buckthorn oil content on DPPH and
ABTS antioxidant capacity
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TCEE P F 00 o P L AR 2414 9.00 mm LA b B LV kR
T 4 B 0 7 46 BR TR PRI A P LA S 3 KT A B ol
o KA B PRI AR 2 SR 2, %ol B 2 A B 1 410 1)
ROREE . HAE 6.0 g/100 mL V0 Ml i B W2 75 R
IO R 5 Nt 4 £ A BRI T B B RO, N
2533 mm ; 5 5.0 g/100 mL Y5 9 W7D R R 2% %
Fily B 2F AR B R4 B B AR A, N 9.20 mm.
() S5 0 ok it Jo R P R L VD R R SRR e, N
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KT B 28 R Tk e, A B Tig s e g A
BRMEER,

F14bh, 6.0 g/100 mL ¥PHIH +3.0 g/100 mL 2 /5 R
B I = FPB A E P B B AR 45K T 5.0 /100 mL 70
I +3.0 g/100 mL %2 /7 -RIEEF 4.5 ¢/100 mL V0 ki
+3.0 g/100 mL 22 /7 -RIEFPFEN, WAE—ERE L
BT B G VD O S 2 BN I e, O R R, 4
T 5 R TR IR L 2F AR R I AR B ) . %
A TG TR 7K 1 A= AR B 2 T e B, T 2 A T T A
YR DU B AR AR R S B T B B L R
BRI 4E RA . RF AT T R R 8] % 70
T R AR AN AE FH BB, R IV R 206 K W 3 A
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E. coli

S. aureus

B. subtilis

Wik 6.0 g /10

< E 3.0 g /100 N1

B 3 WEmEFMKGTE. £EEHFREMEEFATANIEBIRER
Fig.3 The results of the inhibition zone of sea-buckthorn puree against E. coli, S. aureus, and B. subtilis

i : E coli A KMATH, S aureus H4H & H ERHE, B. subtilis AAEE FF0HFE, Amp A 2.5 mgmL ' AT Bk, HO0

AT K.
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DNk — D R TR DLV R SR A A R AR,
SE 1T DL VD R R R AT 1T <6 2 €00 7 2 BR T AN A
R HUFF B 1 MIC A MBC. K] A b i S 352 730 €0 35 I
FLVE, 25 % F A M B LA R W 22 5 OD(Optical
Density) 1B {17770 5E MIC £ 54mS2ib 4 B, % sk
56 R B B IR AR RV i v R 2R 1) MIC. 5 R
MREEAR L, BRIRFR R B S 25 R v] 5 VR0
A [ A 22 A B AR S A

W ) MIC 45 R 3k 4 R, 45 R EW
4.5 /100 mL VPRl +3.0 /100 mL 2 /54531 5.0 /100 mL
M2 LD DR 2 %o K B A 1 9 MIC Dl 0.250 gemL ', H
AL R 5 KA B ¥ MIC 2424 0.125 g-mL .
4.5 g/100 mL b B ¥ +3.0 g/100 mL £ /5 | & 2 Al
6.0 g/100 mL Vb BT + Jo 22 /7 < WG B Vb R IR 3R 0 48 3
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07 %) BR T A9 MIC 4 0.250 g-mL ', 4320 5] v ol J5
0 4 (0 % BR T K MIC ¥4 0.125 gmL . B A
YOI A S AT B R D BRI B O], T
ZHL 5903 A ) el B ZE AT B MIC 3528 0.125 gemL s
FH XS BREZH R B o AR, BH P R 2 Hp % B T 38 I
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% 3 ERPERIRERIISHBEMHINHBEER
Table 3 The diameter of the inhibition zone of Chunjian sea-

buckthorn puree against three microorganisms

7H B A 42 /mm
4
27 R VS 17 M F
HERD JoAFHE
4.5 g/100 mL 7/ Bk b c .
Rk e 18630327 2073 11° 9204026
5.0 g/100 mL 7k b he ¢
Ry 1867058 22334029% 943051
o

6.0g/100mL DK 1o 0100 246750768 1233115

TEERy Y

4.5 g/100 mL 7/ #k
7 +3.0g/100mL  19.30+0.61° 23.43+0.51° 11.70 £0.75°
EE R

5.0 g/100 mL ¥V #k
M +3.0 g/100mL  19.33+0.58" 24.83+029° 11.90+0.53°
AP FHE

6.0 2/100 mL ¥4k
i +3.0/100mL  20.33+0.76° 25.33%0.58° 13.17+0.29°
*PFHE

FH K — — -
B EARA
E: RAARIARNYG I EFHEATEALE £ 57
(P<0.05); “—” R=AFEIAME.
F 4 B BRIERISMGEY R EIMIEMICEIEER

Table 4 In vitro MIC results of Chunjian sea-buckthorn puree

22.83+1.26" 2033 +1.53° 30.75+0.96"

against three microorganisms

WLYD R 0t 4 R A BRI T RO 5 2
FFE ) MBC, SERRE5 R 5. S5 RRWIVD RIS
=F I MBC %8 0.250 gmL . KT H. &
] 2] TR TR RS B 2 SRR B8 20 ol 2 22 I PR R L 2
PR A B A0 2 2 A o 2 P 1 AR B E . e
ORI FF T RV <5 0 €00 7 2 R BT 5 DAL ) U PR SO 7
H AIE 7 X S R YR SO R 51 R I i T8 R G 1
240 AT R S B N R A R A
SR BE A BUAE 3R RO 2 R AT, IR e A Yk 0
Xt PR 2907 T BT G BLR . 48 AL R
R T IR T KGR AR B R PR AR 2R A, 2R A
BAGrE . LUK R R, AT E N5 KR
AR o IR 2 AR W LD BRI SRS K AT
TR < B OO ) TR TR RS B 2 0 T 1 R AT SR P 41 1
MR BOER . WBRR I h & A+ 5 M AEMEEY B,
HL e B 2NN B R A W T e B U 4 I B T 2
SERENE SUERLEYIAN A A o RO A% R
A BB HI R A A KB B A
VSRR, @R A EAER], 5 5m4H
MPUERBURYE, BRPUERIE R, Br 73R
RUEY), PDBRELPESHEE WA, DB
JEU S AR pH B A il 7 IX LS i A K. B
b, VRIS RIE T 2 FIEEY, RA#ERAIEN
N SRIELTE . A G W A VSR, RS BT
ARG T IR A TN T

x5 EeLibRRIR 3 X 3F R A Y A SMIEMBC SRR 45 57
Table 5 In vitro MBC results of Chunjian sea-buckthorn puree

MIC/(g-mL™)
P against three microorganisms
Al KW hRE  AEF ;
AFH TERA JortH MBC/(g'mL")
SITAN 20 7] .
4.5 g/100 mL ¥/ #kid + . A%e A
ke 0.125 0.125 0.125 KIH & AHKE  BAE
5.0 g/100 mL 7 ki + 4.5 g/100 mL 7/ #kid +
= 0.250 0.125 0.125 : f
R g 0.250 0.250 0.250
6.0 g/100 mL 7 ki + 5.0 g/100 L;ﬁﬁ+
- 0.125 0.250 0.125 0 g/100 mL 27k
Tk T g 0.250 0.250 0.250
4.5 ¢/100 mL 34 + 602100 mL WH +
3.0 /100 mL £ S FHE 0.250 0.250 0.125 g}iiﬁ A 0250 0250 0250
5.0 g/100 mL 7 #kid + eaher .
o  0.125 0.125 0.125 4.5 ¢/100 mL ¥ #kid +
3.0 g/100 mL £ /5 4% 30 100 mL £ F FHE 0.250 0.250 0.250
6.0 g/100 mL ¥V + b LT
e 0.125 0.125 0.125 5.0 /100 mL ¥V kb +
3.0 g/100 mL % 5 4% 30g100mL £ 5 F4E 0.250 0.250 0.250
72 MIC @ AR E .
' * - 6.0 /100 mL Wikt + 0250 0250

233 RKFAREFHRLER
K FH B R S R BV R B S B IR SR, I T

3.0 g/100 mL # /5 £ %

7 : MBC : RIKFH@ KA.
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YO JE S RAW 264.7 W5 41 it 55 14 056 4 1) 4
Fans £ 4.5 /100 mL 70 Wl B DL v0 i iR A S 7 1%
R 5% HRARAR 2 B b B RAW 264.7 41 24 h 7755
RN 83%~110%, XtIR4L N 90%~107%, fE4it*# L
TRFEHZESR (P>0.05). MHRNERSEZER =4
FERTE 1%+ 5% F1 10% PRARFR 73 Z b B RAW 264.7
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G LR FEEZESR (P>0.05). 10258 SRR
I BUIRE 25% I 50%, 7NALRE S AL B 40 i A7 S R 1Y
BE N, N 4%~16%. ZEREH, BRI E (25%
H150% ) FIvb Ik J5 3% 2= 40 4 ) A A 60, TR
U (1% 5% F110%) (VDB R A2 5 o e 2
SRR . (R BT AR TR, iR R4
VS 200 A K ST I R A AR AE S BT B SRt A R

a 120

a % a
100 F—F I "
e b
= sof i
B T
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2
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8]
20 F
C C
0 1 1 1 1 1 1
X HE 1 5 10 25 50
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120
b a @2 2
100 F —F T * i
S R0t
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e
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5]
20 b b b
0 1 1 1 1 1 1
Popie 1 5 10 25 50
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120 a
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a a i T
100 F—F T 1 T
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S
20 F b b
0 1 1 1 1 1 1
X 1 5 10 25 50
SRS % (4.5 g /100 mLYPRIH+3.0 g /100 mLZz - 14 2)
120 -
© a a a a
100 -t 1 £ :
S gof
Ho60
&
2 g4t
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20 F b b
0 1 1 1 1 1 1
X IR 1 5 10 25 50
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120
f a a ? a
100 | —+ + T T
S gt
S 60 -
= 40 +
S
20 F
b b
0 1 1 1 1 1 1
X HE 1 5 10 25 50

SR % (6.0 g /100 mLYP 3.0 g /100 mLZz -1 )
4 BEOLL IR X RAW 264.7 EEAIRR S IERIGER
Fig.4 Toxicity test results of Chunjian sea-buckthorn puree on
RAW 264.7 macrophages
E: AR BEFEEAFEAREZ LR (P<0.05).
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W 20 e N\ A B L) S A, LI TR 52
& Toll #5324 (Toll-like Receptors, TLRs) FJAZ.Cr 1] LA
W LPS, 3 17 2 2F 40 i 77 AR 2 REF- (IL-18. IL-6
ATNF-0)* ', 0 5 fios, RAERF IL-18. IL-6 Al
TNF-a 53 51 X R ZEL 1) 83,54, 59.52. K1 205.966 pg-mL "
PRTHE LPS AbFEALMY 111,39, 84.73 A1 260.25 pg'mL
Ut B LPS B Ph 15 5 1 40 1 KA. 5.0 /100 mL
6.0 g/100 mL 75 3 i 3.0 /100 mL % /7 - i 25 ib 7
ILHAR TL-18 /KF43 I BE & 98.09 A1 98.12 pgrmL ', i
6.0 g /100 mL YB3 N 3.0 g/100 mL 27 /5 < i 5 kb
(40 B0 TNF-a 7K 7 % 25 242.05 pgrmL’', ¥ 8 EET
LPS Ab3A, FLAMRE S AL LPS A B TE B35 2 o
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Fig.5 Inhibition results of Chunjian sea-buckthorn puree on LPS-
induced inflammatory factors including IL-18, IL-6, and TNF-«

E: AR BFEEATFAEARFEZF (P<0.05).
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