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ABSTRACT 

Agro-industrial by-products can play an important role in the animal 
feeding, being an alternative to conventional raw materials. These two wastes 
can be considered as important sources of bioactive compounds that can be 
used in animal feed with multiple benefits for animal health. This study has 
investigated the anti-inflammatory and anti-oxidant in vitro capacity of grape 
seed and sea buckthorn meals, as waste resulted from the oil industry in order 
to be used in swine nutrition. The in vitro study was realised on swine 
peripheral blood mononuclear cells challenged with LPS and treated or not 
with grape seed meal and sea buckthorn meal extracts. Our results show that 
both extracts have the capacity to attenuate the inflammation and oxidative 
stress induced by LPS. The effect induced by the grape seed meal extract was 
in majority of cases more important than of the sea buckthorn, this effect 
might be due to a different composition in bioactive compounds (polyphenols, 
PUFA etc) of the two extracts.  

Keywords: porcine blood mononuclear cells, swine, grape seed meal, sea 
buckthorn meal 

 
INTRODUCTION 

In the last years the utilization of natural waste/ by-products gained a 
lot of interest, taking into account the increase of consumer demands for the 
use of more natural/organic compounds associated with the necessity of 
agroindustry waste reutilization (Cheng et al., 2010; Rockenbach et al., 2011).  

Of a great interest are the waste from the oil industry and especially 
those resulted after the use of the cold-pressing technique. This method 
doesn’t use heat or chemical treatments for oil extraction and the oil resulted 
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contain more bioactive compounds than the oil traditionally extracted using 
organic solvent or mechanical techniques (Parry et al., 2006). The yield is 
usually lower than that with conventional extraction but the quality of oil is 
higher and the waste contain more bioactive compounds and can be used 
successfully in the animal nutrition (Ominski et al., 2021). 

Grape seed meal (GSM), the residue left after oil extraction from grape 
seeds, has a high content of polyphenols, as catechins and procyanidins and 
tannins (Maman and Yu, 2019). GSM contain also high quantity of fatty acids 
as stearic acid, palmitic acid, oleic acid and linoleic acid (Kapcsándi et al., 
2021). 

Sea buckthorn (SB) was used traditionally for its medical and nutritional 
qualities (Vilas-Franquesa et al., 2020). SB as well as the sea buckthorn meal 
(SBM) are rich in nutraceuticals  as: vitamins A, B1, B2, B6, C, fatty acids, 
minerals and polyphenols with important anti-inflammatory and antioxidant 
properties (Shah et al., 2021). SB oil has a unique composition of fatty acids, 
the seeds being rich in polyunsaturated fatty acids (-3 and -6) fatty acids, 
while in the pulp there are mainly omega-7 fatty acids (Teleszko et al., 2015). 
The fatty acids from sea buckthorn oil may play an important role in 
cardiovascular disorders, improving also the immune response and promoting 
cognitive functions and bone health (Olas, 2018). 

Grape products as well as sea buckthorn products were used as dietary 
supplements against many diseases as inflammation, cardiovascular disease, 
diabetes, hypertension, cancer etc due to their high content in bioactive 
compounds (Beveridge et al., 1999; Gupta et al., 2020).  

Agro-industrial byproducts can play an important role in the animal 
feeding, being an alternative to conventional raw materials (cereals and 
oilseeds) (Ajila et al., 2012). Their use can reduce the cost of animal feed and 
consequently improve the profitability of livestock farms and the quality of 
the final product (Negi, 1985). On the other hand, the recycling of the high-
polluting waste reduces the negative impact of the ago-industry on the 
environment (Singh et al., 2021). Even the agro-industrial waste are 
biodegradable, they represent a potential source of pollutants to the 
environment because it requires time to be mineralized.  

This study has investigated the anti-inflammatory and anti-oxidant in 
vitro capacity of grape seed and sea buckthorn meals, as waste resulted from 
the oil industry used in swine nutrition on swine peripheral blood 
mononucelar cells (PBMC). 

 
MATERIALS AND METHODS 

Waste extracts. Grape seed meal and sea buckthorn meal (SBM) used in 
this study were purchased from S.C. OLEOMET S.R.L, Bucharest, Romania. The 



                                         D.E. Marin et al.                                                                                                99 

 

 

extraction of polyphenols and the assessment of total polyphenol 
concentration was already described (Pistol et al., 2020) 

Cell culture. PBMC were isolated from blood (Marin and Pistol, 2021) and 
cultivated in complete culture medium. PBMC were treated for 48h with LPS 
(10g/mL) and grape seed or sea buckthorn meal extracts (5mg/mL gallic 
acid Eq). 

Cell viability assessment. Cell viability was assessed using MTT assay as 
already described (Marin and Pistol, 2021). 

Total antioxidant status. The antioxidant capacity assay was performed in 
cellular lysates as previously described (Marin and Pistol, 2021) and 
inhibition percentages were expressed as mol trolox/mL. 

Nitric oxide. Nitric oxide (NO) level was measured by Griess assay as 
already described (Taranu et al., 2014). Nitrite absorbance was measured at 
550 nm and the concentration was expressed as µmole/L. 

Cytokine synthesis. The concentration of IL-6, IL-8 and TNF-, in the 
supernatants of PBMC cell culture were analysed using ELISA kits (R&D 
Systems, USA) as indicated and as already described (Marin et al., 2020) 

Statistical analysis. One way ANOVA, followed by Bonferroni test was used 
to perform statistical analyses. Values of P lower than 0.05 were considered 
significant.  

 
RESULTS AND DISCUSSION 

Effect of grape seed meal and sea buckthorn extracts on PBMC viability. As 
it can be seen in the Figure 1, LPS does not significantly affect cell proliferation 
(P<0.05). Other studies have shown that LPS stimulation has a very low effect 
on cell proliferation, with a low percentage of cells in the S phase of cell cycle 
by contrast to concanavalin A stimulated PBMC (Amadori et al., 2018). 

When the LPS stimulated cells were treated with GSM extract there was a 
significant increase of cell proliferation with 63% as compared with LPS 
stimulated cells. The treatment of LPS challenged cells with SBM extract 
induces a non-significant increase of cell viability by 57% as compared with 
control and by 18% as compared with LPS cells. Other studies have also 
shown that grape seed extract are able to increase cell viability in MDPC-23 
cell culture after 10 days of treatment (Coelho et al., 2019). However, in cancer 
cell lines, GSM was responsible for an inhibition of cell viability and a 
corresponding increase of apoptosis (Laurent et al., 2004; Yen et al., 2015).  
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Figure 1. Effect the extracts on viability of PBMC cells stimulated with LPS 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 2. Effect of the extracts on total antioxidant status of PBMC cells stimulated 
with LPS 
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Effect of grape seed meal and sea buckthorn extracts on the antioxidant 

status. Bacterial lipopolysaccharide (LPS) triggers the expression of ROS 
through the induction of NADPH oxidase and the inhibition of the anti-
oxidative enzymes as catalase, superoxide dismutase, glutathione peroxidase 
(Li et al., 2010). In our experiment, LPS induced a significant decrease of total 
antioxidant status by 33.7% (Figure 2). Other studies have shown that LPS 
was able to decrease the total antioxidant status both in vitro (Yin et al., 2021) 
and in vivo (Halawa et al., 2018). The treatments with both GSM and SBM 
extracts were able to counteract the LPS effect, by increasing the antioxidant 
status by 57% (GSM) and by 53% (SBM) as compared with LPS, near to the 
control level. Recent studies have shown that some polyphenols from the 
grape seed  (oligomeric pro- anthocyanidins – GSOPs) might be used in the 
prevention and treatment of gastrointestinal infections in swine (Kovács et al., 
2020). These authors have shown that GSOPs possess potent in vitro 
antioxidant activity in LPS-treated IPEC-J2 porcine epithelial intestinal cells. 
Sea buckthorn paste can offer a protection against lung injury induced by LPS 
through Nrf2 translocation and activation, due also to its high content in 
polyphenols (Du et al., 2017).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of Effect of GSM and SB extracts on nitric oxide concentration after LPS 
stimulation 
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a host defense molecule against different pathogens and its concentration 
increases after exposure to bacteria, viruses, fungi, and parasites (Joo et al., 
2014). After LPS challenge, nitric oxide increases rapidly, by the activation of 
inducible nitric oxide synthase (Pallarès et al., 2013). Both GSM and SBM 
extracts decreased nitric oxide concentration by 29% and 5%, respectively; 
GSM decreased dramatically the nitric concentration under the control level.  

 

 
 

Figure 4. Effect of GSM and SB extracts on inflammatory cytokine synthesis 

 
 

Similarly, in a rat model of septic shock induced by the intraperitoneal 
injection of LPS, grape seed procyanidin extract downregulated the expression 
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of genes IL-6 and iNos and decreased proinflammatory marker NO in the 
plasma, liver, and spleen (Pallarès et al., 2013).  

LPS is responsible for an inflammatory status characterized by the 
secretion of pro-inflammatory cytokines (IL-6, IL-1β, TNF-a, IL-12), 
chemokines (IL-8) and anti-inflammatory cytokines (IL-10)  (Ngkelo et al., 
2012). Indeed, our results have shown that LPS significantly increases the pro-
inflammatory cytokine synthesis by 4.6 times as reported to the control.   

The treatment with GSM dramatically decreases the inflammatory 
cytokine synthesis, below the control level, by 48.8% (IL-6), 18% (IL-8), 3.6% 
(TNF-a). A moderate decrease of inflammation was induced by SBM: 7.9% (IL-
6), 1.8% (IL-8), 1.2% (TNF-a). 

Indeed, previous studies have shown that bioactive compounds derived 
from plants derived from plants have anti-inflammatory effects in endotoxin-
treated rats (Liu et al., 2019). In particular, grape seed demonstrated a high 
potential to reduce inflammation. Thus, an extract of grape seed rich in pro-
anthocyanidin reduces inflammation and oxidative stress in LPS treated Caco2 
cells by scavenging intestinal reactive oxygen species. Our results are similar 
with other studies which show that sea buckthorn is able to reduce 
inflammation by decreasing the concentration of protein C reactive, a marker 
of inflammation (Larmo et al., 2008). In general, in human medicine, it was 
shown that sea buckthorn have been shown to possess hypotensive, 
hypocholesteromic and anti-inflammatory properties (Wani et al., 2016).  

 

 
CONCLUSION 

In conclusion, our results show that both extracts have the capacity to 
attenuate the inflammation and oxidative stress induced by LPS. The effect 
induced by the grape seed meal extract was in majority of cases more 
important than of the sea buckthorn, this effect can maybe be due to a 
different bioactive compounds composition of the two extracts. However, the 
decrease of cytokine IL-6 and IL-8 as well as of NO under the control levels 
means that other extract concentration have to be investigated. These two 
wastes can be considered as important sources of bioactive compounds that 
can be used in animal feed with multiple benefits for animal health. 

 

 
ACKNOWLEDGEMENTS  

This work was financed thought the project PED 396/2021 financed by 
Romanian Ministry of Research, Innovation and Digitalisation. 

 
 



                                                       D.E. Marin et al.                                                                                           104 

 

 

REFERENCES 

Ajila, C., Brar, K., Verma, M., Tyagi, R., Godbout, S., Valéro, J., 2012. Bio-
processing of agro-byproducts to animal feed. Critical reviews in 
biotechnology 32. 

Amadori, Massimo, Soares-Filipe J.F, Riva F, Vitali A, Ruggeri J, Lacetera 
N . “Characterization of the blastogenic response to LPS of bovine peripheral 
blood mononuclear cells.” PloS one vol. 13,10 e0204827. 2 Oct. 2018, 
doi:10.1371/journal.pone.0204827 

Beveridge, T., Li, T.S., Oomah, B.D., Smith, A., 1999. Sea buckthorn 
products: manufacture and composition. J Agric Food Chem 47, 3480-3488. 

Cheng, V.J., Bekhit Ael, D., Sedcole, R., Hamid, N., 2010. The impact of 
grape skin bioactive functionality information on the acceptability of tea 
infusions made from wine by-products. J Food Sci 75, S167-172. 

Coelho, M., Vargas-Sánchez, P., Fernandes, R., Pires-de-Souza, F., 
Siéssere, S., Bombonato-Prado, K., 2019. Effect of grape seed extract (GSE) on 
functional activity and mineralization of OD-21 and MDPC-23 cell lines. 
Brazilian Oral Research 33. 

Du, L., Hu, X., Chen, C., Kuang, T., Yin, H., Wan, L., 2017. Seabuckthorn 
Paste Protects Lipopolysaccharide-Induced Acute Lung Injury in Mice through 
Attenuation of Oxidative Stress. Oxidative Medicine and Cellular Longevity 
2017, 4130967. 

Gupta, M., Dey, S., Marbaniang, D., Pal, P., Ray, S., Mazumder, B., 2020. 
Grape seed extract: having a potential health benefits. Journal of food science 
and technology 57, 1205-1215. 

Halawa, A., Eladl, M., Hamed, M., Balboula, A., Elmetwally, M., 2018. 
Lipopolysaccharide Prompts Oxidative Stress and Apoptosis in Rats' 
Testicular Tissue. Journal of Veterinary Healthcare 1, 20-31. 

Joo, T., Sowndhararajan, K., Hong, S., Lee, J., Park, S.-Y., Kim, S., Jhoo, J.-
W., 2014. Inhibition of nitric oxide production in LPS-stimulated RAW 264.7 
cells by stem bark of Ulmus pumila L. Saudi journal of biological sciences 21, 
427-435. 

Kapcsándi, V., Hanczné Lakatos, E., Sik, B., Linka, L.Á., Székelyhidi, R., 
2021. Characterization of fatty acid, antioxidant, and polyphenol content of 

grape seed oil from different Vitis vinifera L. varieties☆. OCL 28, 30. 
Kovács, D., Karancsi, Z., Farkas, O., Jerzsele, Á., 2020. Antioxidant Activity 

of Flavonoids in LPS-Treated IPEC-J2 Porcine Intestinal Epithelial Cells and 
Their Antibacterial Effect against Bacteria of Swine Origin. Antioxidants 
(Basel) 9. 

Larmo, P., Alin, J., Salminen, E., Kallio, H., Tahvonen, R., 2008. Effects of 
sea buckthorn berries on infections and inflammation: a double-blind, 
randomized, placebo-controlled trial. European Journal of Clinical Nutrition 
62, 1123-1130. 

https://pubmed.ncbi.nlm.nih.gov/?term=Soares-Filipe+JF&cauthor_id=30278079
https://pubmed.ncbi.nlm.nih.gov/30278079/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Riva+F&cauthor_id=30278079
https://pubmed.ncbi.nlm.nih.gov/30278079/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Vitali+A&cauthor_id=30278079
https://pubmed.ncbi.nlm.nih.gov/?term=Ruggeri+J&cauthor_id=30278079
https://pubmed.ncbi.nlm.nih.gov/?term=Lacetera+N&cauthor_id=30278079


                                         D.E. Marin et al.                                                                                                105 

 

 

Laurent, C., Besançon, P., Auger, C., Rouanet, J.-M., Caporiccio, B., 2004. 
Grape Seed Extract Affects Proliferation and Differentiation of Human 
Intestinal Caco-2 Cells. J Agric Food Chem 52, 3301-3308. 

Li, L., Maitra, U., Singh, N., Gan, L., 2010. Molecular mechanism 
underlying LPS-induced generation of reactive oxygen species in 
macrophages. The FASEB Journal 24, 422.423-422.423. 

Liu, X., Ai, F., Li, H., Xu, Q., Mei, L., Miao, J., Wen, Q., Zhang, C., Zhang, S., 
Zhou, J., Chen, X., Chu, C., Guo, J., 2019. Anti-Inflammatory Effects of Shenfu 
Injection against Acute Lung Injury through Inhibiting HMGB1-NF-<i>κ</i>B 
Pathway in a Rat Model of Endotoxin Shock. Evidence-Based Complementary 
and Alternative Medicine 2019, 9857683. 

Maman, R., Yu, J., 2019. Chemical Composition and Particle Size of Grape 
Seed Flour and Their Effects on the Characteristics of Cookies. Journal of Food 
Research 8, 111. 

Marin, D.E., Bulgaru, C.V., Anghel, C.A., Pistol, G.C., Dore, M.I., Palade, M.L., 
Taranu, I., 2020. Grape Seed Waste Counteracts Aflatoxin B1 Toxicity in Piglet 
Mesenteric Lymph Nodes. Toxins 12, 800. 

Marin, D.E., Pistol, G.C., 2021. Effect of sea buckthorn meal extract in 
alleviating the toxic effect of ochratoxin A and zearalenone in porcine 
peripheral blood mononuclear cells. Archiva Zootechnica 24, 84-92. 

Negi, S.S., 1985. A review on the utilization of agricultural wastes as 
feeds for livestock and experimental safeguards against erroneous 
conclusions. Agricultural Wastes 13, 93-103. 

Ngkelo, A., Meja, K., Yeadon, M., Adcock, I., Kirkham, P.A., 2012. LPS 
induced inflammatory responses in human peripheral blood mononuclear 
cells is mediated through NOX4 and Giα dependent PI-3kinase signalling. 
Journal of Inflammation 9, 1. 

Olas, B., 2018. The beneficial health aspects of sea buckthorn (Elaeagnus 
rhamnoides (L.) A.Nelson) oil. J Ethnopharmacol 213, 183-190. 

Ominski, K., McAllister, T., Stanford, K., Mengistu, G., Kebebe, E.G., 
Omonijo, F., Cordeiro, M., Legesse, G., Wittenberg, K., 2021. Utilization of by-
products and food waste in livestock production systems: a Canadian 
perspective. Animal Frontiers 11, 55-63. 

Pallarès, V., Fernández-Iglesias, A., Cedó, L., Castell-Auví, A., Pinent, M., 
Ardévol, A., Salvadó, M.J., Garcia-Vallvé, S., Blay, M., 2013. Grape seed 
procyanidin extract reduces the endotoxic effects induced by 
lipopolysaccharide in rats. Free Radic Biol Med 60, 107-114. 

Parry, J., Hao, Z., Luther, M., Su, L., Zhou, K., Yu, L., 2006. Characterization 
of Cold-Pressed Onion, Parsley, Cardamom, Mullein, Roasted Pumpkin, and 
Milk Thistle Seed Oils. Journal of the American Oil Chemists' Society 83, 847-
854. 

Pistol, G.C., Marin, D.E., Rotar, M.C., Ropota, M., Taranu, I., 2020. 
Bioactive compounds from dietary whole grape seed meal improved colonic 



                                                       D.E. Marin et al.                                                                                           106 

 

 

inflammation via inhibition of MAPKs and NF-kB signaling in pigs with DSS 
induced colitis. Journal of Functional Foods 66, 103708. 

Rockenbach, I.I., Gonzaga, L.V., Rizelio, V.M., Gonçalves, A.E.d.S.S., 
Genovese, M.I., Fett, R., 2011. Phenolic compounds and antioxidant activity of 
seed and skin extracts of red grape (Vitis vinifera and Vitis labrusca) pomace 
from Brazilian winemaking. Food Research International 44, 897-901. 

Shah, R., Idate, A., Ugale, V., Sharma, P., 2021. Comprehensive review on 
sea buckthorn: Biological activity and its potential uses.  10, 942-953. 

Singh, R., Das, R., Sangwan, S., Rohatgi, B., Khanam, R., Mohiuddin, G., 
Das, S., Lyngdoh, Y., Langyan, S., Shukla, A., Shrivastava, M., Misra, S., 2021. 
Utilisation of agro-industrial waste for sustainable green production: a review. 
Environmental Sustainability. 

Taranu, I., Gras, M., Pistol, G.C., Motiu, M., Marin, D.E., Lefter, N., Ropota, 
M., Habeanu, M., 2014. ω-3 PUFA rich camelina oil by-products improve the 
systemic metabolism and spleen cell functions in fattening pigs. PLOS ONE 9, 
e110186. 

Teleszko, M., Wojdyło, A., Rudzińska, M., Oszmiański, J., Golis, T., 2015. 
Analysis of Lipophilic and Hydrophilic Bioactive Compounds Content in Sea 
Buckthorn (Hippophaë rhamnoides L.) Berries. J Agric Food Chem 63, 4120-
4129. 

Vilas-Franquesa, A., Saldo, J., Juan, B., 2020. Potential of sea buckthorn-
based ingredients for the food and feed industry – a review. Food Production, 
Processing and Nutrition 2, 17. 

Wani, T.A., Wani, S.M., Ahmad, M., Ahmad, M., Gani, A., Masoodi, F.A., 
2016. Bioactive profile, health benefits and safety evaluation of sea buckthorn 
(Hippophae rhamnoides L.): A review. Cogent Food & Agriculture 2, 1128519. 

Yen, C.-Y., Hou, M.-F., Yang, Z.-W., Tang, J.-Y., Li, K.-T., Huang, H.-W., 
Huang, Y.-H., Lee, S.-Y., Fu, T.-F., Hsieh, C.-Y., Chen, B.-H., Chang, H.-W., 2015. 
Concentration effects of grape seed extracts in anti-oral cancer cells involving 
differential apoptosis, oxidative stress, and DNA damage. BMC 
Complementary and Alternative Medicine 15, 94. 

Yin, Y., Xu, N., Qin, T., Zhou, B., Shi, Y., Zhao, X., Ma, B., Xu, Z., Li, C., 2021. 
Astaxanthin Provides Antioxidant Protection in LPS-Induced Dendritic Cells 
for Inflammatory Control. Marine Drugs 19. 


