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The use of small diameter nozzles in temperature-controlled hemp oil extraction allows high oil yields and good quality residual hemp cake feed
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The use of two nozzle diameters (6 and 8 mm) in a cold (50°C) hemp seed oil extraction process was evaluated in terms of extraction efficiency, and chemical composition and in vitro fermentation characteristics of the residual cake. Seeds of the varieties Futura 75 and Uso 31 were pressed using a mechanical press with a cooling device. Five pressings were carried out for each variety and nozzle size, the functional parameters of the extraction processes were recorded, and sample of the residual cakes (n = 20) were analyzed. The 6 mm nozzle determined a higher oil yield (+4%) with a limited increase in temperature in the pressing chamber and in the oil (on average + 3°C compared to the 8 mm nozzle). A lower oil yield and consequently a higher fat content in the corresponding cake was observed when using the 8 mm nozzle. Despite the similar fat content, the two varieties had different oil yields and different residual cake compositions. The gas production kinetic of cakes was influenced by variety but little by nozzle size. Overall, the use of a smaller nozzle in a temperature-controlled extraction process can be a useful option to increase hemp oil yield while maintaining good fermentation characteristics of the residual cakes as ruminant feed.
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1 Introduction

Hemp is a low-cost, environmentally friendly, and versatile crop that can provide fiber for industrial applications as well as oilseeds and derived products for human and animal consumption (1, 2). Unlike more widespread oilseeds such as soybean and rapeseed, hemp can be easily cultivated in Mediterranean areas with low rainfall and the seeds are suitable for processing in small and medium extraction plants (3, 4). In addition to its use in the food industry, the hemp cake left over from mechanical oil extraction is widely used as an animal feed (2, 5) due to its medium/high protein content of high bio-logical value with an amino acid profile comparable to that of soybean (6). In addition, hempseed cake can be used as a feed supplement to provide essential fatty acids and essential amino acids (7). For this reason, hemp has been proposed as a crop that can both diversify the income of small farms in the form of oilseed and provide a source of locally produced protein for livestock in the form of cakes (8). However, the high compositional variability of hempseed cake, which may be due to both the quality of the unprocessed seeds and the oil extraction process, may limit its use as animal feed (3). Hemp seeds generally contain around 33–35% oil, which is mainly composed of ω3 and ω6 essential fatty acids (9). However, the high content of polyunsaturated fatty acids (PUFA) makes hemp oil susceptible to oxidative processes, so careful management of seed harvesting and storage, as well as the oil extraction process, is necessary to ensure a high-quality oil (10). Separation of the oil phase from the solid phase of oilseeds by mechanical extraction using a screw press is the oldest extraction method still used to produce fine oils (11). Indeed, mechanical extraction is widely used in small and medium-sized extraction plants due to its advantages in terms of plant operating costs, oil safety and the environmental impact of the process due to the absence of solvents (12). On the other hand, compared to solvent extraction, mechanical extraction is less efficient in terms of oil yield, so modulation of temperature and pressure parameters, along with process strategies such as seed preheating and screw rotation speed, have been studied to increase oil yield (9). However, increased temperature can affect the fatty acid composition of the oil due to the thermal instability of PUFAs (13, 14). Nozzle size is another critical factor in seed oil extraction, as it affects the pressure in the pressing chamber and thus the oil yield and quality, as well as the efficiency of the extraction process. In particular, reducing nozzle size increases extraction pressure and thus oil yield, but can also reduce extraction efficiency in terms of kg of oil per hour and, most importantly, increases extraction temperatures, which in turn negatively affects the chemical and nutraceutical properties of the oil (15, 16).

Sporadic reports have investigated the effect of nozzle size on hemp oil yield and quality (10, 17–19), but none of them addressed the issue of extraction temperature and of the residual cake quality. Therefore, this study analyzed the use of two nozzle diameters in a cold extraction process (50°C) (i) on the pressing efficiency (ii) on the chemical composition and in vitro fermentation characteristics of hemp cake. The oil properties will be the subject of a further report.



2 Materials and methods


2.1 Seed production, mechanical extraction and sampling

The hemp varieties tested were Futura 75 and Uso 31, late and early flowering respectively, both registered in the EU Common Catalog and commercially available (Δ9-THC ≤ 0.2%). The varieties were sown with a standard seed drill in April 2021 in lowland fields (40°55′N 14°15′E; 27 m a.s.l.) with loose sandy soils. The sowing rate and depth were 50 kg/ha and 2–3 cm respectively, which are the recommended values for hemp seed production (20). The crops were not irrigated and were harvested by threshing in July, giving average yields of 1.2 and 1.3 t/ha seed for Futura 75 and Uso 31, respectively. The seeds were transported to an oil extraction plant, where they were cleaned with a pneumatic cleaner to remove impurities (21, 22), dried with an air stream heated to 40°C in a cross-flow dryer equipped with a screw to ensure an even distribution of the air stream over the seeds, and sorted with a sieving machine consisting of four oscillating sieves that removed hollow seeds, coarse dust and small stones. The seeds were finally stored in sealed jars at a temperature between 15 and 25°C, as the moisture content (8%), determined in an air oven (BD115, BINDER GmbH, Tuttlingen, Germany) set at 105 ± 1°C, was low enough to prevent microbial spoilage (23). Seeds of each variety were pressed for oil using a Bracco screw press (Bracco s.r.l., Bagnatica, Bergamo, Italy) powered by a 2.2 kW electric motor and equipped with a heat exchanger to maintain constant the extraction temperature into the press chamber as well as sensors to measure temperature and screw rotation speed (21) (Figures 1A,B).
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FIGURE 1
 Mechanical screw press for hemp oil extraction. (A) Mechanical components and temperature sensors [adapted from Faugno et al. (22)]. (B) Cooling system. A – Motor; B – RPM regulator; C – Feeding hopper; D – Oil outlet holes; E- Head temperature regulator; F – Pressed cake; G- Nozzle; H – Copper oil; I – Coolant Fluid; T – Temperature sensor.


The cooling system (Figure 1B) consisted of a copper coil wrapped outside the com-pression chamber, in which a coolant (food grade propylene glycol diluted 40% with dis-tilled water) circulated. The coil was connected to a liquid chiller and pump to provide a continuous flow of cold coolant in the circuit. The length of the coil, the temperature of the coolant and the speed of the pump were set to achieve an extraction temperature of 50°C within the compression chamber, regardless of nozzle diameter. The temperature in the compression zone (T1), where the highest operating values were expected, was measured using a resistance temperature detector (RTD), such as the Pt100. Another sensor measured the temperature of the oil extracted (T2) immediately after it exited the holes in the press cylinder. The speed of the screw was controlled by a variable speed controller and measured by a tachometer. To record the sensor data, a compact-DAQ chassis (Model cDAQ-9171, National Instruments, Austin, TX, United States) was employed, and the data were transferred to a laboratory computer using LabVIEW 2014 software. The mechanical press was equipped with four nozzles of different sizes (6; 8; 10; 12 mm). Five preliminary pressing trials were carried out, and in relation to the size of the hemp seeds, the 6 and 8 mm nozzles gave the best results (21). During the extraction process, a constant extraction temperature of 50°C and a screw speed of 22 rpm were set (22). The throughput of the cold press (TP, in kg/h) was calculated as the operating capacity by dividing the weight of hemp seeds (S, in kg) by the time (t, in h) required to complete the pressing process. The energy consumption (ES, in kWh kg-1 of processed seeds) was calculated by dividing the total energy (Et, in kWh) by the sample size (S, in kg). To calculate Et, the average power (P, in kW) was multiplied by the average pressing time (t, in h) required for each sample (21). Five extractions were performed for each diameter and variety using 1,000 g of seed weighed on a technical scale with an accuracy of ±0. 1 g (24, 25). For each extraction, preparatory steps were conducted, including press cleaning, setting the press head temperature using an electrical resistance (21), and adjusting the screw speed. Oil was collected in lightproof glass containers. To remove settled components from storage, the crude oil was subjected to centrifugation using an ALC centrifuge (ALC T535 PK130R, Winchester, United States) at 3500 rpm for 20 min. Raw and purified oil yield was assessed. The remaining hempseed cakes after oil extraction (n. 20, i.e., 2 varieties x 2 nozzles x 5 replicates) and unpressed seed samples were stored in vacuum packs at 4°C in the dark until analysis, which was performed within 3 weeks.



2.2 Chemical analysis

The seed and cake samples were ground at a laboratory mill (Brabender Wiley mill, Brabender OHG Duisburg, Germany) equipped with a 1.1 mm grid to be analyzed according to Association of Official Analytical Chemists (26) for dry matter (DM; method 930.15), ash (method 942.05), crude protein (CP; N x 6.25, method 976.05), and ether extract (EE; method 954.02) and according to Van Soest (27) and Robertson and Van Soest (28) for neutral detergent fiber (NDF), acid detergent fiber (ADF), inclusive of residual ash, and acid detergent lignin (ADL).



2.3 In vitro gas production

The cake samples were incubated in a serum flask (seven replications per substrate ±1 g for each replication) with buffalo rumen fluid (10 mL) at 39°C under anaerobic conditions as indicated by Theodorou et al. (29). The rumen liquor was collected at a slaughterhouse from four buffaloes according to the procedure described by Serrapica et al. (3). The buffaloes fed a total mixed ration containing corn silage, oat hay and concentrate. All procedures involving animals were approved by the Ethical Animal Care and Use Committee of the University of Napoli Federico II (Prot. 2019/0013729 of 08/02/2019). The collected rumen fluids were placed inside to preheated thermos and transported within 2 h to the laboratory of Department of Veterinary and Animal Production, University of Napoli Federico II. The rumen fluid was mixed and strained through four layers of cheese cloths and diluted in a buffered medium (75 mL); successively, the reducing agent (4 mL) was added into the flasks (30, 31). On seven replication, four bottles for each substrate were utilized for cumulative gas production measurement (48 h of incubation). The gas produced during 48 h of incubation, into the fermenting cultures, was recorded 10 times (from 2 to 24 h of intervals) using a manual pressure transducer (Cole and Palmer Instrument Co, Vernon Hills, IL, United States). The cumulative volume of gas produced after 48 h of incubation was related to incubated organic matter (OMCV, ml/g). At the end of the incubation period, the fermentation liquor was analyzed for pH using a pH meter (ThermoOrion 720 A+, Fort Collins, CO, United States). The organic matter degradability (OMD, %) was determined by weight difference of the incubated organic matter (OM) and the undegraded filtered (sintered glass crucibles; Schott Duran, Mainz, Germany, porosity # 2) residue burned at 550°C for 3 h.



2.4 End-products analysis

To determine the volatile fatty acids (VFA), the fermentation liquor was cooled at 4°C and, before analyzes, centrifuged at 12,000 g for 10 min at 4°C (Universal 32R centrifuge, Hettich FurnTech Division DIY, Melle- Neuenkirchen, Germany); the supernatant (1 mL) was then mixed with 1 mL of 0.06 mol oxalic acid. The VFA was measured by gas chromatography (ThermoQuest 8000top Italia SpA, Rodano, Milan, Italy) equipped with a fused silica capillary column (30 m, 0.25 mm ID, 0.25 μm film thickness), using an external standard solution composed of acetic, propionic, butyric, iso- butyric, valeric and iso- valeric acids. The percentage of branched-chain fatty acids (BCFA) were calculated as: (iso-butyric acid +iso-valeric acid/VFA)/100.



2.5 Data processing

For each bottle stopped at 48 h, the gas production profiles were fitted to the sigmoidal model to estimate the fermentation kinetics (32):

[image: image]

where G is the total gas produced (ml per g of incubated OM) at time t (h), A is the asymptotic gas production (ml/g), B is the time at which one-half of A is reached (h), and C is the curve switch. Maximum fermentation rate (Rmax, ml/h) and the time at which it occurs (Tmax, h) were calculated utilizing model parameters (33):

[image: image]

[image: image]



2.6 Statistical analysis

Statistical analysis was performed by using JMP 14.0.0 software (SAS Institute Inc., Cary, NC, United States, 1989–2019). Data on seed chemical composition were analyzed by one-way ANOVA with hemp variety as the main effect. Functional parameters of the press, oil yield, and chemical composition, in vitro parameters and end-products of the cakes were analyzed by two-way ANOVA with hemp variety, nozzle diameter and interaction as main effects. Significance level was verified by t-student test at p < 0.05. Tendency was discussed at p < 0.10.




3 Results

Seed chemical composition is shown in Table 1. The differences between the two cultivars were limited to CP (p = 0.058) and ash content (p = 0.0013), with Futura 75 showing better quality (i.e., higher CP and lower ash).



TABLE 1 Chemical composition (% dry matter) of the hemp seeds (least square mean).
[image: Table1]

Table 2 shows the functional parameters of the cold press as influenced by nozzle size (8 mm and 6 mm) and hemp varieties (Uso 31 and Futura 75).



TABLE 2 Selected functional parameters (least square mean) for the cold oil extraction.
[image: Table2]

The use of the 6 mm nozzle significantly (p < 0.001) increased the temperature of both the compression zone (on average, 3.0 ± 1.7°C compared to the T 50° initial temperature) and the extracted oil (on average 3.1 ± 1.3°C) but did not affect the throughput as operational capacity or the extraction time. No effects of hemp variety were observed for any of the functional parameters. The influence of nozzle diameter and hempseed variety on oil yield and residual cake weight and composition are shown in Table 3. The use of the 6 mm-nozzle resulted in higher oil yield and consequently lower cake weight (p < 0.001) compared to the larger 8 mm-nozzle. In addition, the 6 mm nozzle little but significantly reduced in oil dregs (p = 0.0085). The diameter of the nozzle size influenced also almost all chemical characteristics of residual cakes except CP, for which only a tendency (p = 0.09) to a slightly higher value was observed for the 8 mm cakes. In particular, the 6 mm nozzle showed a lower EE and ash content and an increment of the percentages of fiber fractions (i.e., NDF, ADF and ADL).



TABLE 3 Oil yield and cake chemical characteristics (least square mean) as affected by nozzle size diameter, varieties, and their interaction.
[image: Table3]

As far as the influence of hemp variety was concerned, both the yield of oil and the chemical composition of the cakes were affected. The Uso 31 had a higher oil yield and consequently a lower cake weight then Futura 75. In addition, the Uso 31 cakes showed a lower protein (p < 0.0001) and fat (p < 0.01) contents and a higher ash (p < 0.0001) and fiber percentages (p < 0.0001).

The in vitro gas production parameters are shown in Table 4.



TABLE 4 In vitro gas production parameter of tested pellet (least square mean).
[image: Table4]

Compared to the 6 mm cakes, the 8 mm cakes produced a higher (p < 0.05) amount of gas (OMCV) and showed a faster (p < 0.05) fermentation rate (Rmax), while no differences were observed for organic matter degradability (OMD) and time to Rmax. The Uso 31 variety showed a higher OMD percentage (p < 0.01) but a lower gas production (p < 0.05) than Futura 75. These results are clearly illustrated by the gas production over time shown in Figure 2, where the 8 mm and Futura 75 samples reached higher levels than the 6 mm and Uso 31 samples, and where Futura 75 tended to be faster than Uso 31, reaching maximum fermentation rate in less time. Irrespective of the nozzle size and the variety of hemp, the fermentation rate reached its peak after 3–6 h of incubation (Figure 3).

[image: Figure 2]

FIGURE 2
 In vitro gas production over time.
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FIGURE 3
 In vitro fermentation rate.


Table 5 shows the end products after 48 h of incubation. No effect of nozzle size was observed, whereas Uso 31 showed higher pH value and production of total VFAs (p < 0.01) because of increased production of acetate, propionate, branched chain fatty acids (p < 0.01), isovalerate and valerate (p < 0.05). The iterations observed for acetate, valerate, total VFA and branched chain fatty acids reflect the different trends of these molecules in respect to nozzle diameter and variety.



TABLE 5 In vitro fermentation end-products (mmol/l, if not otherwise stated).
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4 Discussion

Due to the still small market for fiber, hemp cultivation in Italy focuses on seed production, although yields are often lower than in cooler environments, especially for early flowering varieties such as Uso 31 (19, 34). Observed seed yields are comparable to those reported for similar varieties grown under Mediterranean growing conditions (35–38). However, the levels of protein and fat, the most valuable macronutrients in hemp, were at the lower end of the range reported (7, 39, 40), suggesting a high incidence of empty seeds. On the other hand, the nutritional composition of the cakes was comparable to that of other medium to high protein feeds such as sunflower cake (40, 41) and as such may contribute to meeting the recommended dietary allowances for maintenance and growth of ruminants (42) and to supporting milk production in small ruminants and buffaloes during early lactation (42, 43). During mechanical extraction of oilseeds, the initial set temperature in the press chamber tends to increase due to friction. This can lead to an increase in the temperature of the oil and cake, affecting their chemical and physical properties (44, 45). Overall, the functional parameters of the press showed that the cooling system we implemented made it possible to limit the increase in extraction temperature, even when operating at a low screw speed (22 rpm). The small but significant increase in temperature, both in the compression zone and in the oil, observed when using the 6 mm nozzle compared to the 8 mm one, confirms previous research results highlighting the relationship between bushing diameter and extraction temperature (15, 46). Moreover, the temperature values of the extracted oils (T2) were found to be lower than those reported in other studies on tobacco seeds (47) and hemp seeds (22), both extracted with identical parameters as our mechanical press but without cooling equipment, further confirming the effectiveness of the system applied to the press barrel. This finding is also in line with the conclusions of Rabadán et al. (46), where heat transfer was identified as a significant factor contributing to temperature increases in oils and cakes extracted by mechanical methods. The lack of influence of hemp variety or bushing diameter on extraction times or operational capabilities is consistent with the constant extraction speed (ω: 22 rpm). It is worth noting that both extraction times and operational capabilities are closely related to the variation of the screw speed, as elucidated in previous studies (21, 22). Finally, the absence of significant differences between the two nozzle sizes in terms of extraction time and machine operating capacity, and the fact that any additional costs due to energy consumption are marginal compared to the benefits of the increased quantity of hemp oil extracted, indicate that the use of smaller nozzles during the extraction process is an economically viable option.

The differences in oil yield and cake composition by using 6- or 8-mm nozzles were expected. Indeed, the higher pressure exerted by the 6 mm nozzle allows a higher oil extraction and thus a lower percentage of fat in the corresponding residual cake, which in turn influence the percentages of the other components. Furthermore, given the high retail price of hempseed oil, the use of the 6 mm diameter appears to be the most worthwhile option.

The better oil yield observed for Uso 31 is not easy to explain given the fairly uniform fat content of the untreated seeds of the two varieties and the lack of influence of variety on functional parameters of the press. It could be hypothesized that a different organization of seed tegument structures and/or fat vesicles in the endosperm may offer different resistance to applied pressure, but further research is needed to confirm and explain the effect of hemp variety on oil extraction efficiency. As a result of the higher oil yield, the Uso 31 cakes had a lower fat content, corresponding to a higher fiber percentage, and a lower protein and higher ash content, in line with the composition of the unpressed seed. Irrespective of nozzle diameter and variety, the cake had a lower protein and higher structural carbohydrate content than reported in the literature (5, 7, 47), reflecting the characteristics found for unprocessed hempseeds.

For the in vitro study, the differences observed between the 6 and 8 mm cakes in organic matter digestibility could be related to the higher fiber content, in particular lignin, of the 8 mm cake, which could have reduced the rate, and the speed of the carbohydrate fermentation processes (48, 49). The slightly lower lignin content of the 8 mm cakes may also have played a role in the higher OVMD. Lignin is a complex aromatic polymer consisting of phenylpropane units that increases in the cell wall as the plant matures (50). Lignin plays a central role in plant growth and development by improving water conduction through xylem vessels, increasing the strength of fibrous tissues, and limiting the spread of pathogens in plant tissues, but it also reduces the degradation of structural polysaccharides by hydrolytic enzymes, thereby limiting nutrient availability (51). There were significant differences between the cakes of the different varieties, with Futura 75 showing lower OMD compared to Uso 31, probably due to its higher ADL (+2.8%) content. In this respect, all samples showed a low percentage of organic matter degradability (OMD), probably related to the high presence of lignin (>10% DM). However, the active molecules present in hemp could cause an overestimation of lignin, as suggested by Marles et al. (52) for substrates rich in condensed tannins. The in vitro concentration of the end products was not influenced by the nozzle diameter, whereas the Futura 75 variety showed a lower concentration for all VFA compared to Uso 31, most likely related to the lower degradability of organic matter, which reduces VFA absorption. In ruminants, VFA production is mainly due to the digestion of carbohydrates (53). The high content of lignin in hempseed cake could reduce carbohydrate digestion and reduce VFA production. Several studies in the literature [see the reviews by Bailoni et al. (54, 55); Šťastník et al. (56); Rakita et al. (40)] indicated that hemp seed cake could be an alternative feed ingredient, a good source of protein and lipid with a balanced amino acid and fatty acid profile. However, conflicting results have been found on the productive performance of animals, depending on several factors such as the type and chemical composition of the cakes, the level of inclusion in the diet, the category of animal and the duration of the experiment (40). Furthermore, Karlsson and Martinsson (57) tested hemp seed cake in an in-situ experiment and reported low protein digestibility due to a high content of indigestible NDF (iNDF). Lipids not only influence the fatty acid profile of foods of animal origin, but also make it possible to increase the energy concentration of ruminant diets. On the other hand, it should be noted that an excessive apport of dietary lipids can reduce feed intake and severely disrupt rumen fermentation, leading to a reduced digestibility of non-lipid energy sources, thus nullifying the benefits of increased dietary energy density (58). Although limited in number, in vivo studies evaluating cold-pressed hempseed cake in ruminant diets suggest that it may serve as a safe dietary supplement for both growing and lactating animals, primarily as an alternative protein or PUFA-rich fat source (40, 54, 55). Feeding hempseed cake to lactating ewes increased milk yield and, in terms of quality, resulted in higher fat and PUFA content, a more favorable ratio of n-6 to n-3 fatty acids, and increased levels of alpha-tocopherol and antioxidants (59). Similar results were recently reported by Šalavardić et al. (60) in Alpine dairy goats fed 60 g/kg hempseed cake as a replacement for soybean meal. Karlsson et al. (61) suggest a hempseed cake dose of 143 g/kg concentrate for lactating cows. In growing ruminants, diets supplemented with hempseed cake were able to achieve similar average daily gains in young calves and lambs compared to diets based on soybean meal or barley (57, 62, 63).



5 Conclusion

The use of food industry residues for animal feed is a key factor in achieving circular farming systems and more sustainable livestock production, but the high compositional variability associated with both the raw material and the industrial process may prevent their widespread use. The effect of using different nozzle sizes on cold oil extraction efficiency and residual cake characteristics was investigated using two different varieties of hemp. The cooling system kept the increase in extraction temperature within an acceptable range, allowing the use of smaller nozzle sizes to increase oil yield while reducing potential temperature-related damage to the hemp oil. The unprocessed seeds were rather low in fat and protein and these characteristics were reflected in the composition of the remaining cakes. The use of different nozzle sizes had small, though significant, effects on the characteristics of the residual cakes, both in terms of chemical composition and in vitro ruminal kinetics, although further effects on fatty acid composition and nutraceutical biomolecule content should be investigated. Overall, the use of a 6 mm diameter in a temperature-controlled extraction process allows a higher yield of hemp oil without adversely affecting the residual cake as a source of dietary protein and fat for ruminants. Although differences in the composition of the starting hemp seeds are unavoidable, further investigations analyzing the effect of the nozzle on the fatty acid profile of the cakes, together with in vivo feeding trials in both ruminant and monogastric species, will be of interest to fully validate the results of the present study.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by Ethical Animal Care and Use Committee of the University of Napoli Federico II (Prot. 2019/0013729 of 08/02/2019). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

MS: Conceptualization, Formal analysis, Investigation, Methodology, Writing – original draft, Mechanical oil extraction. AV: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Writing – original draft, In vitro fermentation study. SF: Funding acquisition, Resources, Supervision, Visualization, Writing – original draft. FM: Data curation, Formal analysis, Validation, Writing – original draft, Writing – review & editing. ADF: Funding acquisition, Project administration, Resources, Supervision, Visualization, Writing – original draft. FSa: Investigation, Resources, Writing – original draft. MP: Investigation, Writing – original draft. DdK: Investigation, Writing – original draft. FSe: Conceptualization, Formal analysis, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Mipaaf project PROFILA, DM 0089249.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Crini, G, Lichtfouse, E, Chanet, G, and Morin-Crini, N. Applications of hemp in textiles, paper industry, insulation and building materials, horticulture, animal nutrition, food and beverages, nutraceuticals, cosmetics and hygiene, medicine, agrochemistry, energy production and environment: a review. Environ Chem Lett. (2020) 18:1451–76. doi: 10.1007/s10311-020-01029-2

 2. Vastolo, A, Calabrò, S, Pacifico, S, Koura, BI, and Cutrignelli, MI. Chemical and nutritional characteristics of Cannabis sativa L. co-products. J Anim Physiol Anim Nutr. (2021) 105:1–9. doi: 10.1111/jpn.13557 

 3. Serrapica, F, Masucci, F, Raffrenato, E, Sannino, M, Vastolo, A, Barone, CMA , et al. High Fiber cakes from Mediterranean multipurpose oilseeds as protein sources for ruminants. Animals. (2019) 9:918. doi: 10.3390/ani9110918 

 4. Satriani, A, Loperte, A, and Pascucci, S. The cultivation of industrial hemp as alternative crop in a less-favoured agricultural area in southern Italy: the Pignola case study. Pollutants. (2021) 1:169–80. doi: 10.3390/pollutants1030014

 5. Vastolo, A, Calabrò, S, and Cutrignelli, MI. A review on the use of agro-industrial CO-products in animals’ diets. Ital J Anim Sci. (2022) 21:577–94. doi: 10.1080/1828051X.2022.2039562

 6. Callaway, JC. Hempseed as a nutritional resource: an overview. Euphytica. (2004) 140:65–72. doi: 10.1007/s10681-004-4811-6

 7. Klir, Ž, Novoselec, J, and Antunović, Z. An overview on the use of hemp (Cannabis sativa L.) in animal nutrition. Poljoprivreda. (2019) 25:52–61. doi: 10.18047/poljo.25.2.8

 8. Durán-Zuazo, VH, Rodríguez, BC, García-Tejero, IF, and Ruiz, BG. Chapter 1 - suitability and opportunities for Cannabis sativa L. as an alternative crop for Mediterranean environments In: IF García-Tejero and VH Durán-Zuazo, editors. Current applications, approaches, and potential perspectives for hemp. Cambridge, MA: Academic Press (2023). 3–47.

 9. Crimaldi, M, Faugno, S, Sannino, M, and Ardito, L. Optimization of hemp seeds (Canapa Sativa L.). Oil Mech Extrac. (2017) 1:373–8. doi: 10.3303/CET1758063

 10. Faugno, S, Piccolella, S, Sannino, M, Principio, L, Crescente, G, Baldi, GM , et al. Can agronomic practices and cold-pressing extraction parameters affect phenols and polyphenols content in hempseed oils? Ind Crop Prod. (2019) 130:511–9. doi: 10.1016/j.indcrop.2018.12.084

 11. Matthäus, B. Oil technology In: SK Gupta, editor. Technological innovations in major world oil crops, volume 2: Perspectives. New York, NY: Springer (2012). 23–92.

 12. Mwaurah, PW, Kumar, S, Kumar, N, Attkan, AK, Panghal, A, Singh, VK , et al. Novel oil extraction technologies: process conditions, quality parameters, and optimization. Compr Rev Food Sci Food Saf. (2020) 19:3–20. doi: 10.1111/1541-4337.12507 

 13. Helwani, Z, Zahrina, I, Tanius, N, Fitri, DA, Tantino, P, Muslem, M , et al. Polyunsaturated fatty acid fractionation from crude palm oil (CPO). PRO. (2021) 9:2183. doi: 10.3390/pr9122183

 14. Sánchez-Osorno, DM, Caicedo Paz, AV, López-Jaramillo, MC, Villa, AL, and Martínez-Galán, JP. Protection of mono and polyunsaturated fatty acids from grapeseed oil by spray drying using green biopolymers as wall material. Foods. (2022) 11:3954. doi: 10.3390/foods11243954 

 15. Ionescu, M., Voicu, G., Sorin-Stefan, B., Covaliu, C., Dincă, M., and Ungureanu, N. (2014). Parameters influencing the screw pressing process of oilseed materials. In Proceedings of the 3rd International Conference on Thermal Equipment, Renewable Energy and Rural Development, Constanța, Romania.

 16. Kraljić, K, Škevin, D, Pospišil, M, Obranović, M, Neđeral, S, and Bosolt, T. Quality of rapeseed oil produced by conditioning seeds at modest temperatures. J Am Oil Chem Soc. (2013) 90:589–99. doi: 10.1007/s11746-012-2195-7

 17. Morar, MV, Dragan, K, Bele, C, Matea, C, Tarta, I, Suharovschi, R , et al. Researches regarding the processing of the hemp seed by cold pressing. Bulletin Univ Agric Sci Vet Med Cluj-Napoca Agri. (2010) 67:2. doi: 10.15835/buasvmcn-agr:5111

 18. Aladić, K, Jokić, S, Moslavac, T, Tomas, S, Vidović, S, Vladić, J , et al. Cold pressing and supercritical CO2 extraction of hemp (Cannabis sativa) seed oil. Chem Biochem Eng Q. (2014) 28:481–90. doi: 10.15255/CABEQ.2013.1895

 19. Occhiuto, C, Aliberto, G, Ingegneri, M, Trombetta, D, Circosta, C, and Smeriglio, A. Comparative evaluation of the nutrients, phytochemicals, and antioxidant activity of two hempseed oils and their Byproducts after cold pressing. Molecules. (2022) 27:3431. doi: 10.3390/molecules27113431

 20. Żuk-Gołaszewska, K, and Gołaszewski, J. Hemp production In: G Crini and E Lichtfouse, editors. Sustainable agriculture reviews 42: Hemp production and applications. Sustainable agriculture reviews. Cham: Springer International Publishing (2020). 1–36.

 21. Karaj, S, and Müller, J. Optimizing mechanical oil extraction of Jatropha curcas L. seeds with respect to press capacity, oil recovery and energy efficiency. Ind Crop Prod. (2011) 34:1010–6. doi: 10.1016/j.indcrop.2011.03.009

 22. Faugno, S, del Piano, L, Crimaldi, M, Ricciardiello, G, and Sannino, M. Mechanical oil extraction of Nicotiana tabacum L. seeds: Analysis of main extraction parameters on oil yield. J Agric Eng. (2016) 1:142–7. doi: 10.4081/jae.2016.539

 23. Smeu, I, Dobre, AA, Cucu, EM, Mustățea, G, Belc, N, and Ungureanu, EL. Byproducts from the vegetable oil industry: the challenges of safety and sustainability. Sustainability. (2022) 14:2039. doi: 10.3390/su14042039

 24. Uquiche, E, Jeréz, M, and Ortíz, J. Effect of pretreatment with microwaves on mechanical extraction yield and quality of vegetable oil from Chilean hazelnuts (Gevuina avellana Mol). Innovative Food Sci Emerg Technol. (2008) 9:495–500. doi: 10.1016/j.ifset.2008.05.004

 25. Stanisavljević, IT, Veličković, DT, Todorović, ZB, Lazić, ML, and Veljković, VB. Comparison of techniques for the extraction of tobacco seed oil. Eur J Lipid Sci Technol. (2009) 111:513–8. doi: 10.1002/ejlt.200800232

 26. AOAC International. Official methods of analysis. 17th ed. Gaithersburg, MD: AOAC International (2002).

 27. Van Soest, PJ, Robertson, JB, and Lewis, BA. Methods for dietary Fiber, neutral detergent Fiber, and nonstarch polysaccharides in relation to animal nutrition. J Dairy Sci. (1991) 74:3583–97. doi: 10.3168/jds.S0022-0302(91)78551-2

 28. Robertson, JB, and Van Soest, PJ. The detergent system of analysis In: WPT James and O Theander, editors. The analysis of dietary fiber in food. New York, NY, USA: Marcel Dekker (1981). 123–58.

 29. Theodorou, MK, Williams, BA, Dhanoa, MS, McAllan, AB, and France, J. A simple gas production method using a pressure transducer to determine the fermentation kinetics of ruminant feeds. Anim Feed Sci Technol. (1994) 48:185–97. doi: 10.1016/0377-8401(94)90171-6

 30. Vastolo, A, Calabró, S, Liotta, L, Musco, N, Di Rosa, AR, Cutrignelli, MI , et al. In vitro fermentation and chemical characteristics of Mediterranean by-products for swine nutrition. Animals. (2019) 9:556. doi: 10.3390/ani9080556 

 31. Vastolo, A, Matera, R, Serrapica, F, Cutrignelli, MI, Neglia, G, Donne, KD , et al. Improvement of rumen fermentation efficiency using different energy sources: in vitro comparison between Buffalo and cow. Fermentation. (2022) 8:351. doi: 10.3390/fermentation8080351

 32. Groot, JCJ, Cone, JW, Williams, BA, Debersaques, FMA, and Lantinga, EA. Multiphasic analysis of gas production kinetics for in vitro fermentation of ruminant feeds. Anim Feed Sci Technol. (1996) 64:77–89. doi: 10.1016/S0377-8401(96)01012-7

 33. Bauer, E, Williams, BA, Voigt, C, Mosenthin, R, and Verstegen, MWA. Microbial activities of faeces from unweaned and adult pigs, in relation to selected fermentable carbohydrates. Anim Sci. (2001) 73:313–22. doi: 10.1017/S135772980005829X

 34. Jankauskienė, Z, Butkutė, B, Gruzdevienė, E, Cesevičienė, J, and Fernando, AL. Chemical composition and physical properties of dew- and water-retted hemp fibers. Ind Crop Prod. (2015) 75:206–11. doi: 10.1016/j.indcrop.2015.06.044

 35. Campiglia, E, Radicetti, E, and Mancinelli, R. Plant density and nitrogen fertilization affect agronomic performance of industrial hemp (Cannabis sativa L.) in Mediterranean environment. Ind Crop Prod. (2017) 100:246–54. doi: 10.1016/j.indcrop.2017.02.022

 36. Baldini, M, Ferfuia, C, Piani, B, Sepulcri, A, Dorigo, G, Zuliani, F , et al. The performance and potentiality of monoecious hemp (Cannabis sativa L.) cultivars as a multipurpose crop. Agronomy. (2018) 8:162. doi: 10.3390/agronomy8090162

 37. Giupponi, L, Leoni, V, Carrer, M, Ceciliani, G, Sala, S, Panseri, S , et al. Overview on Italian hemp production chain, related productive and commercial activities and legislative framework. Ital J Agron. (2020) 15:194–205. doi: 10.4081/ija.2020.1552

 38. Tsaliki, E, Kalivas, A, Jankauskiene, Z, Irakli, M, Cook, C, Grigoriadis, I , et al. Fiber and seed productivity of industrial hemp (Cannabis sativa L.) varieties under Mediterranean conditions. Agronomy. (2021) 11:171. doi: 10.3390/agronomy11010171

 39. Alonso-Esteban, JI, Pinela, J, Ćirić, A, Calhelha, RC, Soković, M, Ferreira, ICFR , et al. Chemical composition and biological activities of whole and dehulled hemp (Cannabis sativa L.) seeds. Food Chem. (2022) 374:131754. doi: 10.1016/j.foodchem.2021.131754 

 40. Rakita, S, Kokić, B, Manoni, M, Mazzoleni, S, Lin, P, Luciano, A , et al. Cold-pressed oilseed cakes as alternative and sustainable feed ingredients: a review. Foods. (2023) 12:432. doi: 10.3390/foods12030432 

 41. Petraru, A, Florin, U, and Sonia, A. Nutritional characteristics assessment of sunflower seeds, oil and cake. Perspective of using sunflower oilcakes as a functional ingredient. Plan Theory. 10:2487. doi: 10.3390/plants10112487 

 42. Nolan, J. Nutrient requirements of domesticated ruminants In: M Freer, H Dove, and JV Nolan, editors. Nutrient requirements of domesticated ruminants. Clayton: CSIRO Publishing (2007). 270.

 43. Serrapica, F, Masucci, F, Romano, R, Napolitano, F, Sabia, E, Aiello, A , et al. Effects of chickpea in substitution of soybean meal on milk production, blood profile and reproductive response of primiparous buffaloes in early lactation. Animals. (2020) 10:515. doi: 10.3390/ani10030515 

 44. Çakaloğlu, B, Özyurt, VH, and Ötleș, S. Cold press in oil extraction. A review. Ukrainian Food J. (2018) 7:640–54. doi: 10.24263/2304-974X-2018-7-4-9

 45. Kapadia, P, Newell, AS, Cunningham, J, Roberts, MR, and Hardy, JG. Extraction of high-value chemicals from plants for technical and medical applications. Int J Mol Sci. (2022) 23:10334. doi: 10.3390/ijms231810334 

 46. Rabadán, A, Pardo, JE, Gómez, R, and Álvarez-Ortí, M. Influence of temperature in the extraction of nut oils by means of screw pressing. LWT. (2018) 93:354–61. doi: 10.1016/j.lwt.2018.03.061

 47. Sannino, M, del Piano, L, Abet, M, Baiano, S, Crimaldi, M, Modestia, F , et al. Effect of mechanical extraction parameters on the yield and quality of tobacco (Nicotiana tabacum L.) seed oil. J Food Sci Technol. (2017) 54:4009–15. doi: 10.1007/s13197-017-2865-4 

 48. Rehman, M, Fahad, S, Du, G, Cheng, X, Yang, Y, Tang, K , et al. Evaluation of hemp (Cannabis sativa L.) as an industrial crop: a review. Environ Sci Pollut Res. (2021) 28:52832–43. doi: 10.1007/s11356-021-16264-5

 49. Hindrichsen, IK, Wettstein, H-R, Machmüller, A, Soliva, CR, Bach Knudsen, KE, Madsen, J , et al. Effects of feed carbohydrates with contrasting properties on rumen fermentation and methane release in vitro. Can J Anim Sci. (2004) 84:265–76. doi: 10.4141/A03-095

 50. Iannaccone, F, Alborino, V, Dini, I, Balestrieri, A, Marra, R, Davino, R , et al. In vitro application of exogenous Fibrolytic enzymes from Trichoderma Spp. to improve feed utilization by ruminants. Agriculture (Basel). (2022) 12:573. doi: 10.3390/agriculture12050573

 51. Zhong, D, Zeng, K, Li, J, Qiu, Y, Flamant, G, Nzihou, A , et al. Characteristics and evolution of heavy components in bio-oil from the pyrolysis of cellulose, hemicellulose and lignin. Renew Sust Energ Rev. (2022) 157:111989. doi: 10.1016/j.rser.2021.111989

 52. Grabber, JH. How do lignin composition, structure, and cross-linking affect degradability? A review of Cell Wall model studies. Crop Sci. (2005) 45:820–31. doi: 10.2135/cropsci2004.0191

 53. Marles, MAS, Coulman, BE, and Bett, KE. Interference of condensed tannin in lignin analyses of dry bean and forage crops. J Agric Food Chem. (2008) 56:9797–802. doi: 10.1021/jf800888r 

 54. McDonald, P, Edwards, RA, Greenhalgh, JFD, Morgan, CA, Sinclair, LA, and Wilkinson, RG. Animal Nutrition. 7th ed. London: Pearson Education Ltd (2012).

 55. Bailoni, L, Bacchin, E, Trocino, A, and Arango, S. Hemp (Cannabis sativa L.) seed and co-products inclusion in diets for dairy ruminants: a review. Animals. (2021) 11:856. doi: 10.3390/ani11030856

 56. Šťastník, O, Mrkvicová, E, and Pavlata, L. Chapter 13 - industrial hemp in animal feed applications In: M Pojić and BK Tiwari, editors. Industrial hemp. Cambridge, MA: Academic Press (2022). 341–65.

 57. Karlsson, L, and Martinsson, K. Growth performance of lambs fed different protein supplements in barley-based diets. Livest Sci. (2011) 138:125–31. doi: 10.1016/j.livsci.2010.12.010

 58. Palmquist, DL. The role of dietary fats in efficiency of Ruminants1, 2. J Nutr. (1994) 124:1377S–82S. doi: 10.1093/jn/124.suppl_8.1377S

 59. Mierliță, D. Effects of diets containing hemp seeds or hemp cake on fatty acid composition and oxidative stability of sheep milk. S Afr J Anim Sci. (2018) 48:504–15. doi: 10.4314/sajas.v48i3.11

 60. Šalavardić, ŽK, Novoselec, J, Đidara, M, Steiner, Z, Ćavar, S, Šabić, AM , et al. Effect of dietary hempseed cake on milk performance and haemato-chemicals in lactating alpine dairy goats. Animal. (2021) 15:100255. doi: 10.1016/j.animal.2021.100255 

 61. Karlsson, L, Finell, M, and Martinsson, K. Effects of increasing amounts of hempseed cake in the diet of dairy cows on the production and composition of milk. Animal. (2010) 4:1854–60. doi: 10.1017/S1751731110001254 

 62. Turner, T, Hessle, A, Lundström, K, and Pickova, J. Influence of hempseed cake and soybean meal on lipid fractions in bovine M. longissimus dorsi. Acta Agric Scand A Anim. (2008) 58:152–60. doi: 10.1080/09064700802492354

 63. Hessle, A, Eriksson, M, Nadeau, E, Turner, T, and Johansson, B. Cold-pressed hempseed cake as a protein feed for growing cattle. Acta Agric Scand A Anim. (2008) 58:136–45. doi: 10.1080/09064700802452192



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The use of small diameter nozzles in temperature-controlled hemp oil extraction allows high oil yields and good quality residual hemp cake feed



		1 Introduction



		2 Materials and methods



		2.1 Seed production, mechanical extraction and sampling



		2.2 Chemical analysis



		2.3 In vitro gas production



		2.4 End-products analysis



		2.5 Data processing



		2.6 Statistical analysis









		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fvets-10-1322637-gr0001.jpg
Residual Cakes|
* w.ij.m | i ;
Nozzle sizes Ao At B (1 .

Refrigerated mechanical press equipment o

. ; Bl A= | chemical composition

M><

‘ * Rumen fermentation kinetic
witfe- Ao 5

i @Q@j






OPS/images/fvets-10-1322637-t005.jpg
Nozzle diameter Variety Significance®

8mm 6mm Futura75 Uso 31 - Diameter Variety Interaction

pH 700 701 697 703 0001 NS e NS
Acetate 2951 2924 2732 3143 515 NS s *

Propionate 869 822 785 9.07 063 NS e NS
Tso-Butyrate 140 129 119 149 002 NS e NS
Butyrate 399 413 328 483 019 NS e NS
Tso-Valerate 239 236 226 250 004 NS * NS
Valerate 177 188 172 192 0.06 NS * -
VFA 4776 7.2 4364 5123 10.26 NS wer *

BCFA, % VEA 793 780 794 779 0.0028 NS NS -

#p <005 **p<0.01; ***p<0.001; NS (not significant) indicates p>0.10. SEM, standard error of means.
VEA, Volatile Fatty Acids; BCFA, Branched-Chain Fatty Acids.






OPS/images/fvets-10-1322637-t004.jpg
Nozzle diameter Variety Significance®

8mm 6mm Futura 75 Uso 31 Diameter Variety Interaction
OMD, % 298 2.1 27.1 318 664 NS - NS
OMCY, mlrg 933 929 9.1 93.1 7.1 » » NS
Ry ml/h 4.03 325 365 363 0.62 » Ns NS
Tah 517 655 614 5.58 283 Ns Ns Ns

"*p<0.05; **4p 0.001; NS (not significant) indicates p>0.10.SEM, standard error of means.
OMD, Organic Matter degradability; OMCV: cumulative volume of gas related to incubate organic matter; Ry,.: maximun fermentation rate; Ty time at which Ry, occurs. SEM, standard
R My





OPS/images/cover.jpg
, frontiers | Frontiers in Veterinary Science

The use of small diameter
nozzles in temperature-
controlled hemp oil extraction
allows high oil yields and good
quality residual hemp cake feed












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Veterinary Science






OPS/images/fvets-10-1322637-g002.jpg
2

30

2
Time (h)

2





OPS/images/fvets-10-1322637-g003.jpg
Rate (mlh)

Xx.
~%
.
<
s
=

Time ()

A PaE TS0 BRI NN  ~&- Usoll6am:  50%-Pessira?S Sk





OPS/images/fvets-10-1322637-e003.jpg
Vs
T =Cx [5 ']
B+1





OPS/images/fvets-10-1322637-g001.jpg





OPS/images/fvets-10-1322637-t003.jpg
Nozzle diameter Variety Significance!

8mm 6mm Futura 75 Uso 31 Diameter Variety Interaction

Oilyield, g/kg seeds

Cake weight 7680 7374 7728 725 097 e e NS
Raw oil 2320 2626 2272 267.4 097 it . NS
oil 2.6 2553 2198 260.0 0.96 . ot NS
Oil-dregs 74 73 74 74 0.03 *» NS NS

Cake chemical characteristics, % dry matter

Dry Matter % 93.2 926 930 927 026 NS NS NS
Ash 71 69 64 7.6 0.04 * e NS
Crude Protein 236 232 28 29 014 + # NS
Ether Extract 88 78 87 7.9 0.16 o * NS
NDE 546 55.8 575 53.0 015 s wax NS
ADF 425 435 3.7 424 015 o wx wx
ADL 147 154 164 137 013 o wax *

#p<0.05; **p<0.01; ***p <0.001; + indicates p <0.10; NS (not significant) indicates p >0.10. SEM, standard error of means; NDF, neutral detergent iber; ADF; acid detergent fiber; ADL,
acid detergent fibex.





OPS/images/fvets-10-1322637-t001.jpg
Variety
Futura75 Uso 31

SEM Significance®

Dry matter % 920 919 030 NS
Ash 52 75 018 -
Crude protein 209 199 017 +

Ether extract 29 232 012 NS
NDE 4838 48.6 051 NS
ADE 427 425 025 NS
ADL 132 134 021 NS

#$p<0.01; + indicates p <0.10; NS (ot significant) indicates p>0.10. SEM, standard error

of means NDF, neutral detergent fiber; ADF; acid detergent fiber; ADL, acid detergent fiber.





OPS/images/fvets-10-1322637-t002.jpg
Significancet

Varieties

Interaction

Nozzle diameter Variety

8mm 6mm Futura75  Uso 31 Diameter
TI,°C 5104 5407 5252 5259 006 e
Tyt 22 2430 2280 27 051 s
& min 43 438 434 437 004 NS
TR kg/h 178 1154 1176 1156 029 Ns

'*#%p <0.001; NS (not significant) indicates p>0.10.
T1, compression zone temperature; T2, extracted oil temperature; t, extraction ti

\e; TP, throughput. SEM, standard error of means.

NS
NS
NS
NS

NS
NS
NS
NS





OPS/images/fvets-10-1322637-e001.jpg
G=da,/(1+8/1)°





OPS/images/fvets-10-1322637-e002.jpg
(Axc”)xB,x T 87V
Rinax =

(1+C®)x (T - B)





