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Abstract

Sea buckthorn is rich in vitamins, unsaturated fatty acids, polysaccharides, phenols and other
biologically active substances, but the organic acids and tannins in sea buckthorn berries will lead to sour
taste, which is difficult to be consumed directly, and the fresh fruits are easy to be moldy and rotten, and
not easy to be transported. Fava beans are rich in protein, dietary fiber and vitamins and other nutrients,
however, its deep-processed product types are relatively single, and the bean smell is difficult to be
accepted by most people. Therefore, in this study, sea buckthorn, which is rich in vitamins, and fava bean,
which is rich in high-quality protein, were used as the main raw materials, supplemented by a small amount
of millet, in order to develop compound beverage and instant powder products with balanced nutrition and
good taste. Through the combination of one-way test and response surface analysis, the optimal preparation
process of sea buckthorn-fava bean composite beverage was determined and its nutritional quality and
flavor characteristics were investigated, and then the composite instant powder of sea buckthorn-fava bean
was prepared by using different drying techniques combined with different carriers, and the effects of
different carriers and drying modes on the physicochemical properties, bioactivity and sensory attributes of
the product were investigated. The main research conclusions are as follows:

(1) The optimal blending process of sea buckthorn-fava bean composite beverage was 50% addition of
sea buckthorn juice, 1:9 bean to water ratio (g/mL), and 1.2% addition of millet, at which time the sensory
score was 88.75+0.30 points. The most effective combination of stabilizers was 0.08% xanthan gum, 0.07%
sodium carboxymethyl cellulose (CMC-Na), 0.05% sucrose ester, 0.05% monoglyceride, and the
centrifugal sedimentation rate was 7.67+0.19% under this condition. The product obtained by this process
had uniform color, moderate sweet and sour, strong aroma and uniform texture. And after sterilization, the
microbial limit of the product complied with the national standard.

(2)The study on the nutritional quality and aroma characteristics of sea buckthorn-fava bean composite
beverage found that its soluble solids content was 11.89+0.22%, which was not significantly different from
sea buckthorn juice; total fat content was 5.69+0.24 g/100g FW, which was 35.71% lower than that of sea
buckthorn juice; total protein content was 2.48+0.22 g/100g FW, which was 90.77% higher than that of sea
buckthorn juice ; total amino acid content increased by 56.23% compared with sea buckthorn juice, with
the most significant increase in fresh flavor amino acid content; vitamin E, vitamin B1 and vitamin B2
content were 11.43+0.64 mg/L, 1.11£0.29 mg/L and 0.35+0.04 mg/L, respectively; and the content of total
phenols and total flavonoids were 22.34+1.65 mgGAE/L and 26.74+1.02 mgRE/L; and 56.19+1.12% and
69.72+1.17% for DPPH and ABTS radical scavenging, respectively.

Electronic tongue analysis showed that compared with single sea buckthorn juice, sea buckthorn-fava

bean composite beverage had more prominent freshness and richness, which significantly improved the



sour taste of sea buckthorn juice. The electronic nose analysis showed that the sea buckthorn-fava bean
composite beverage was richer in aromatic compounds, ammonia and aromatic hydrocarbons. A total of 65
volatile compounds (46 esters, 8 aldehydes, 5 acids, 2 alcohols, 3 ketones and 1 other compound) were
detected in sea buckthorn juice and sea buckthorn-fava bean composite beverage using HS-SPME-GC-MS,
and it was found that the total volatile compounds in sea buckthorn-fava bean composite beverage were
significantly lower than that of sea buckthorn juice, with a total decrease of 1208.49+10.89 pg /L. In
addition, a total of 15 key volatile compounds with OAV values >1 were found in sea buckthorn juice and
sea buckthorn-fava bean composite beverage, and esters were the most dominant key volatile compounds.
Compared with sea buckthorn juice, the OAV values of all volatile substances in the sea buckthorn-fava
bean composite beverage were reduced, among which the OAV values of acetaldehyde and isoamyl alcohol
with pungent and irritating odors, benzaldehyde with bitter almond flavor, and heptanoic acid with rancid
fat flavor were significantly reduced. Therefore, the aroma of sea buckthorn-fava bean composite beverage
was softer than that of sea buckthorn juice.

(3) Based on the effects of maltodextrin (MD) addition/inulin (INU) addition on the powder collection
rate and moisture content of spray-dried (SD) samples and on the solubility and moisture content of
freeze-dried (FD) samples, the amount of MD addition was determined to be 20% (in terms of the content
of soluble solids of sea buckthorn-fava bean composite beverage), and the amount of INU addition was 5%.
Under these conditions, the effects of different carriers (MD or INU) and drying methods (SD or FD) on
the physicochemical properties, bioactivities and sensory attributes of the sea buckthorn-fava bean
composite instant powder were investigated. In terms of physicochemical properties, the color of the FD
samples was closer to that of the sea buckthorn-fava bean composite beverage than that of the SD samples,
with the highest intensity of yellow color in the FD-INU (freeze-dried-inulin). Compared with the SD
sample, the particles of the FD sample had a larger particle size and more pore-like structure, and the
adsorption capacity of the sample to water was enhanced by the addition of INU, which resulted in the
smallest contact angle, the shortest dissolution time, and the largest solubility of FD-INU, which were
37.27 £ 0.19°,74.19 £ 0.54 s, and 54.42 = 0.51%, respectively. In terms of bioactivity, FD-INU had the
highest total phenol and total flavonoid contents of 239.15+0.82 mg GAE/100 g and 46.44+0.26 mg
RE/100 g, respectively. FD-INU had the strongest scavenging ability against DPPH and ABTS free radicals.
From the sensory evaluation, FD-INU had the highest overall acceptability. In conclusion, freeze-drying
technique combined with 5% INU is the best solution for the production of seabuckthorn-fava bean
composite instant powder.

Key words: sea buckthorn; fava bean; complex beverage; instant powder
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