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Abstract: Objective: This study aimed to develop a functional beverage using turnip (Brassica rapa) and sea buckthorn
(Hippophae rhamnoides), which were traditional medicinal and edible plants, and to investigate its ameliorative effect and

potential mechanisms against hypoxia-induced injury. Methods: The formulation of the turnip-sea buckthorn compound
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beverage was optimized using single-factor experiments and response surface methodology. After optimization, mouse
models of normobaric hypoxia and sodium nitrite poisoning were established. The activities of superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px), and the level of malondialdehyde (MDA) in heart, brain, and
lung tissues were measured. Hematoxylin-eosin (HE) staining and Western blot analysis were performed to assess the
expression levels of hypoxia-inducible factor-la (HIF-1a) and interleukin-6 (IL-6). Results: The optimal formulation was
determined to be 22.0% sea buckthorn juice, 1.0% turnip extract, 7.5% high-fructose syrup, and 0.1% citric acid, which
yielded a sensory score of 80.5+1.3. The physicochemical indices (including soluble solids at 8.00%, total sugar at 9.12%,
and total acid at 3.31 g/L) all complied with relevant national standards. In animal studies, administration of the low-, medi-
um-, and high-dose groups (8.45, 16.90, and 33.80 g/kg-d, respectively) resulted in a significant extension of survival time
under normobaric hypoxia by 19.92%, 19.31%, and 18.97% (P<0.05), respectively. Concurrently, the beverage treatment
enhanced the activities of antioxidant enzymes (SOD, CAT, and GSH-Px) while reducing the MDA content in the heart,
brain, and lung tissues. Western blot analysis further revealed that the compound beverage ameliorated oxidative stress and
modulated the energy metabolism pathway via the suppression of HIF-1a protein expression and IL-6 release. Conclusion:
The optimized turnip-sea buckthorn compound beverage effectively improved hypoxia tolerance. The underlying mecha-
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nism may be associated with the enhancement of antioxidant capacity and inhibition of the HIF-1a/IL-6 inflammatory path-

way. These findings provide a theoretical basis for the development of functional foods aimed at mitigating hypoxia-in-

duced damage.
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of factors on sensory scores of composite beverages

5 FUENE RO A PO E PR R
Table 5 Effect of stabiliser mix on the stability of composite

beverage
A5 ABEE  BRWIELAERM  CHESEME  BOUIER(%)
1 1 2 0 1.24+0.18
2 2 1 0 0.55+0.07
3 1 1 0 0.96+0.22
4 1 0 2 0.88+0.23
5 2 0 1 0.64+0.15
6 1 0 1 1.524+0.32
7 0 1 2 1.21£0.02
8 0 2 1 1.55+0.37
9 0 1 1 1.83+0.37
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Table 6 Effect of the addition of stabilisers on the stability
of composite beverage

A5 R RN (%) HLTLIER (%)
1 0.05 1.7440.30
2 0.10 0.58+0.27
3 0.15 0.5120.32
4 0.20 0.64+0.34
5 0.25 0.76+0.29

24 IBLIBRESR
241 BEURUEREEFN SR JeF e S okt
BB R R PR R ISR W, (PR AR
R, A HEAGPE. HRSURHEEEH, B 3ew 5
VORI 2 A AR, TSR 44 R . 7R FUBOT AT, IR
BRI, BERRFREH AT 11, XU PME . L ZUIRES
FEI Ay S AR RS AR FR, BT S, JC R AT DL
EONTRAL/ I =SEL /8
2.42 EHEVCEIHALIEFRSIR  XIEEEVE Ak
k) SR FR AR AR M A 2 A PR T TR . Bk
A FEARSINZE R W3S TRV AU INT 300 CFU/mL .
KA e M BRI ARG o 25 RIS Vs
R A RIS ISR S GB 7101-2022K &
24 FE GRARUE ORE ) H X5 bR P A BUR K i TR R PR 22
B 1 N R TN O F S A S gy G
HRALFERRIE LS AN 7 s Fosh AR el e
[E T4 &t h 8.00%+0.10%., 1] ¥ [E B ) S 5%
MR} RIS IR E Y B ZE 5 AR, W T Ok B
JJEN— B M E Rt . RIS aHLR . B
Yo YA A TSR, Horp, SOBE e
S 9.12%+0.23%. SRR TOB EE W REE R TR ANEL
RO YR, LR S AR E . BRSO 331+
0.07 g/Lo AR RE R AR 5 5 1177 A8

KT IEHWME A YR RALHEARIN E 45 R
Table 7 Determination results of physicochemical parameters
of turnip-seabuckthorn compound beverage

B o
AT ERETEY (%) 8.000.10
MR (%) 9.12+0.23
MR EE(gL) 3.31+0.07

2.5 EARRXTEE/N RS EER

2.5.1 XFEEEV/INERAFTE R g m aniE 6 R, H
JESRER LG A, 457 B 2H Y 3 AN B s TE]
(P<0.05), HAPIK, 5, vl . BHMXT REgH 43 4t
K 19.92%. 19.31%. 18.97%. 20.68%, k. 520
NERAF I B TR T Rl i, Al ReJE T o83 5
VOIHAG 15 A AR A AR P R R B S R AR A R
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K 52.32%. 51.25%. 45.17%(P<0.05) . X 58K 4
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Fig.7 Impact on oxidative stress indicators in myocardial
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