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Abstract 

Nigerian walnut (Tetracarpidium conophorum) is an underexploited nutritious nut which is rich 

in oil. The nut has great importance not only from nutritional and medicinal point of view but 

economically as well, especially in tropical countries. However, its high moisture content poses a 

problem of fast deterioration due to which it becomes very important to dry it before storing or 

processing. Therefore, this review article is focused on various technologies for drying Nigerian 

walnut and related oil rich nuts, with special reference to their impact on the quality of the nuts 

as well as ease of processing. Conventional drying techniques such as sun drying, solar drying, 

oven drying, and cabinet drying have been analysed along with new innovations in drying 

technologies. Studies show that increased drying temperature from 50 to 80°C decreases drying 

time from 7 to 8 hours to 4 hours and effective moisture diffusivity varies from 4.94 × 10⁻¹⁰ to 4.72 

× 10⁻⁷ m²/s depending on drying methods used. Infrared drying can help decrease drying time 

from 240 min to 40 min while decreasing specific energy consumption from 31.56 MJ/kg to 7.76 

MJ/kg. In addition, effects of different drying methods on quality attributes, the importance of 

proper drying process for increasing storage ability, minimizing post-harvest losses and making 

processing easy has also been mentioned. Nevertheless, energy usage, non-uniformity and quality 

degradation continue to be serious issues related to processing of Nigerian walnuts despite 

advances in drying technologies. There is a need for optimizing drying techniques as well as 

development of suitable drying processes for developing countries. 
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Introduction 

Nigerian walnut (Tetracarpidium conophorum) is an economically significant indigenous nut 

cultivated in several regions within West Africa owing to its nutritional and therapeutic 

significance (Obeta et al., 2022). The crop belongs to Euphorbiaceae family and it is primarily 

grown in southern Nigeria. The walnut plant produces fruits that are sources of income, nutrition, 

and medication for local communities (Oke et al., 2020). The nut seed contains high levels of 

proteins, fats, minerals, vitamins, and phytochemicals making the nut highly nutritious (Chauhan 

and Chauhan, 2020). Consumption of the nut helps in the improvement of cardiovascular function, 

antioxidant capacity and enhancement of reproductive function (Laddha et al., 2020). Nigerian 

walnut is cultivated mainly in the southern regions of Nigeria including states such as Ondo, Osun, 

Ogun, Enugu, and Rivers where climatic conditions favour its growth (Oke et al., 2020). Beyond 

Nigeria, the crop is also found in some parts of West and Central Africa. Although the crop remains 
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underutilised compared to other commercial nuts, its production and consumption continue to 

increase due to growing awareness of its nutritional, medicinal and economic importance (Oke et 

al., 2020). Nigerian walnut contributes to household income generation, rural livelihood 

development and food security among local farming communities (Obeta et al., 2022).  

However, poor postharvest handling and inadequate processing technologies continue to limit 

large-scale commercialisation and industrial utilisation of the crop. The freshly harvested walnut 

fruit has high moisture content that promotes the growth of microorganisms, biochemical 

degradation, and reduces the shelf life (Adkison et al., 2021). Drying is, therefore, essential in 

ensuring that moisture is reduced to safe levels in order to minimize wastages, prolong shelf life 

and improve marketability of the commodity. Drying processes utilized in the processing of 

walnuts include open sun drying, solar drying, hot air oven drying and cabinet drying (Yuan et al., 

2025). These drying processes vary significantly in terms of drying effectiveness, energy 

requirements, drying time and impacts on the quality of the product (Bradford et al., 2020). If 

inappropriate conditions are utilized in the drying process, the dried walnut product is 

characterized by loss of quality and nutrients due to lipid oxidation, change in colour among others 

(Han et al., 2019). It is, thus, essential to choose the best drying method that ensures the quality of 

the dried nut. 

Over the past few years, efforts have been intensified towards developing effective and sustainable 

methods of drying agricultural produce in order to promote industrial utilization of such crops. As 

such, there is need to understand the correlation between the drying process and quality 

characteristics of the product. This review paper aims at highlighting existing drying technologies 

for Nigerian walnut and other oil-rich nuts as well as their impacts on the quality characteristics of 

the dried product. 

Overview of Nigerian Walnut 

Botanical Description 

The Nigerian walnut (Tetracarpidium conophorum) is a perennial climbing plant that belongs to 

the Euphorbiaceae family (Ayodeji and Aliyu, 2018). The plant can be commonly found in 

tropical rain forest areas of Nigeria and other parts of West Africa (Nkwonta et al., 2023). The 

plant bears nuts contained within a shell which can be eaten raw after being boiled or dried (Taskin 

et al., 2024a). The plant thrives in humid climate conditions and plays a great role in supplying 

people with nutrition (Onwuka et al., 2020). 

Nutritional Value 

Nigerian walnut is known for being an extremely nutritious foodstuff because of its high protein 

and lipid contents (Onwuka et al., 2020). Moreover, carbohydrate, fibre, mineral, and vitamin 

components were found in the nut (Obeta et al., 2022). In particular, researchers reported the 

presence of essential fatty acids, amino acids, and antioxidants in the plant, making it useful as 

both food and medicine (Adetunji et al., 2021; Jin et al., 2022; Matin et al., 2024). However, the 

nut is highly rich in oils, which makes it very sensitive to oxidation during storage (Gama et al., 

2018). 

Economic and Medicinal Significance 

Apart from its food value, the Nigerian walnut demonstrates medicinal activity and is used in 

traditional health care (Obeta et al., 2022). Different parts of the plant were proven to have 

antibacterial, fertility improving, and antioxidant effects (Adetunji et al., 2021). From an economic 

perspective, walnut growing and trade can offer employment and income opportunities to people 
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working on farms and in small factories (Oke et al., 2020). Therefore, the development of drying 

techniques for walnuts is economically important. 

Drying Technologies Applied in Walnut Processing 

Drying is one of the major post-harvesting operations used in the preservation of Nigerian walnut 

since it helps reduce moisture content and spoilage caused by microorganisms (Wu et al., 2024). 

Various drying technologies have been developed for drying processes in order to achieve specific 

drying objectives and quality of the final products (Nainggolan et al., 2024; There and Sharma, 

2024). The choice of drying technology used in the process depends on several factors including 

energy source, process cost, drying rate and product quality. 

Open Sun Drying 

One of the oldest methods of drying applied traditionally to various agricultural products includes 

the use of open sun drying due to its simplicity and cost-effectiveness (Natumanya et al., 2021). 

The procedure entails the use of direct sunlight for removing moisture from walnut samples. The 

benefits of open sun drying include the use of low-cost or free technology, simple structure and 

low operating cost (Acar et al., 2022). The process is relatively slow, highly dependent on weather 

conditions, associated with possible contamination by dust and other particles, poor hygiene and 

uneven drying rate (Lal et al., 2026). In addition, prolonged exposure to solar radiation could lead 

to degradation of some quality attributes like flavour and appearance due to oxidation or enzymatic 

reactions (Akter et al., 2024). The method is extensively applied among local walnut processors 

mainly due to its affordability. 

Solar Drying 

Solar drying refers to the use of enclosed dryers that employ solar radiation as the main energy 

source for removing moisture (Shekata et al., 2024). It improves drying efficiency and hygienic 

quality of dried products (Fufa et al., 2025). Several types of solar dryers such as direct, indirect 

and mixed-mode solar dryers have been employed in drying different agricultural produce (El 

Hage et al., 2018). In direct solar dryers, the product is exposed directly to solar radiation inside 

an enclosure, whereas in indirect dryers, heated air is generated using a solar collector (Kabeel and 

Abdelgaied, 2018; Jayasuriya et al., 2023). Benefits of solar drying compared to the open sun 

drying technique include reduced drying time, higher hygienic quality and better retention of 

nutrients (Natumanya et al., 2021). Nevertheless, drying performance of solar dryers could be 

affected by fluctuations in solar radiation intensity and environmental weather conditions 

(Lingayat et al., 2020). Therefore, hybrid energy systems incorporating thermal energy storage 

have been explored to increase efficiency and reduce drying variability (Ibrahim et al., 2024). 

Oven Drying 

Oven drying represents a controlled process that is often used in laboratory and small-scale drying 

processes (There and Sharma, 2024). In this drying method, heated air circulation around the 

samples is achieved at certain set temperatures in order to remove moisture from the material (Li 

et al., 2026). 

Benefits of oven drying include improved control over drying parameters such as temperature and 

air velocity; as a result, the method allows obtaining more uniform and rapid drying rate than 

traditional methods (Li et al., 2026). Therefore, the process is extensively applied in drying studies 

involving walnuts and other nuts (Dajbych et al., 2023; Wu et al., 2024; Ayoola et al., 2026). 

Excessive temperatures, however, have negative effects on nutritional and sensory properties of 

the nuts due to protein denaturation, lipid oxidation and degradation of thermally sensitive 
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bioactive compounds (Teneva et al., 2024). High energy requirement and costs of operation 

prevent the widespread application of the technology among processors in some developing 

countries (Zahid et al., 2025). 

Cabinet Drying 

Cabinet drying technique involves the use of enclosed cabinets designed with trays and forced 

circulation of heated air for the removal of moisture (Yasmin et al., 2022). The method has been 

widely used in food processing industries since it allows achieving higher efficiency of the process 

(Asrate and Ali, 2025). The use of cabinet dryers leads to more uniform distribution of heat energy 

that contributes to increased drying rate and reduced contamination by microorganisms (Asrate 

and Ali, 2025). Research findings reveal that the method effectively removes moisture from food 

materials with better retention of quality attributes at proper drying conditions (Arslan and Alibaş, 

2024). The performance of the process depends on various parameters including drying 

temperature, air velocity, thickness and quantity of materials loaded into the dryer (Joo et al., 

2024). Optimizing these variables is important for enhancing drying kinetics while reducing 

energy consumption. 

Hybrid and Emerging Technologies 

Development of advanced drying techniques in food processing industry has resulted in the 

creation of hybrid and energy-efficient technologies aimed at improving the drying process (Asrate 

and Ali, 2025). Examples of hybrid dryers involve combination of several processes such as solar-

assisted dryers, heat pump dryers, microwave-assisted drying and infrared drying technology 

(Arslan and Alibaş, 2024). 

These techniques show better drying kinetics, lower energy consumption and less quality 

degradation than traditional methods (Kaveh et al., 2025). For instance, microwave-assisted drying 

leads to faster diffusion of moisture due to rapid volumetric heating (Athira et al., 2023). Similarly, 

infrared drying shows efficient heat transfer with minimal damage to quality as the process takes 

less time compared to other methods (Gao et al., 2024). 

Limited application of these advanced technologies is mainly attributed to high installation costs, 

complexity and lack of proper infrastructure in developing countries (Nwankwo et al., 2023; Viola 

Salvador et al., 2025). More researches and technological adaptations should be conducted in order 

to develop sustainable technologies for drying walnut. Table 1 shows a summary of different 

drying technologies used for walnut processing and their impacts on product quality. 

 

Table 1. Quantitative effects of drying technologies on walnut quality and processing efficiency 
Study Drying Method Major Quantitative Findings 

Ayoola et al. (2026) Cabinet and oven drying Drying time decreased from 7–8 h at 50°C to 4 h at 80°C; 

effective moisture diffusivity ranged from 6.23 × 10⁻⁸ to 4.72 × 

10⁻⁷ m²/s; SEC ranged from 0.11 to 2.93 kWh/kg 

Man et al. (2024)  Hot-air drying Effective moisture diffusivity ranged from 4.94 × 10⁻¹⁰ to 1.44 × 

10⁻⁹ m²/s; activation energy ranged from 21.56 to 23.35 kJ/mol 

Taskin et al. (2024b) Infrared pre-drying + hot-air 

drying 

Drying time reduced from 240 min (hot air) to 40 min (IR pre-

dried kernels); SEC reduced from 31.56 to as low as 7.76 MJ/kg 

Chen et al. (2020) Hot-air drying Pre-soaking increased drying time by approximately 2–4 h 

Chen et al. (2020) Step-down temperature drying Drying time reduced by up to 40% and energy consumption 

reduced by 24% without compromising walnut quality 

Yuan et al. (2025) Vacuum freeze, microwave, 

hot air, vacuum and natural 

drying 

Vacuum freeze drying produced the highest protein content 

(21.41 mg/g), phenolic content (212.08 mg/g), antioxidant 

activity (84.11%), and rehydration capacity (90.61%) 
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Wu et al. (2024) Oven drying vs natural air 

drying 

Oven drying produced lighter kernels and superior quality 

retention compared with natural air drying 

 

Effect of Drying on Quality Characteristics 

The effectiveness of the drying procedure has a direct impact on the quality of Nigerian walnut 

and similar fruits. In addition to their effect on nutritional content, drying parameters determine 

the physical and sensory quality of the resulting products (Osae et al., 2023). Optimal drying is an 

important consideration that affects the safety, stability, and consumer acceptance of dried 

products. Quantitative studies have established that the process of drying has a great impact on the 

qualities of walnuts. According to Yuan et al. (2025), vacuum freeze-dried walnuts had the highest 

protein content (21.41 ± 0.73 mg/g), phenolic content (212.08 ± 2.06 mg/g), antioxidant capacity 

(84.11 ± 0.88%), and hydration ratio (90.61%) amongst the five techniques of drying. The 

microwave drying and vacuum freeze-drying had sensorial properties closest to that of fresh 

walnuts, whereas hot air drying had more favourable impacts on roasted flavour compounds 

formation as well as higher levels of amino acids and fatty acids. Likewise, Wu et al. (2024b) 

found that the dried walnuts in oven drying were plump and yellowish-white while those in natural 

air drying were darker and wrinkled. 

Moisture Content and Shelf Stability 

As is well known, one of the key purposes of the drying process includes reducing moisture content 

to ensure the safety and stability of the products in storage (Menon et al., 2020). The natural 

moisture content of fresh Nigerian walnut is relatively high and may cause quick deterioration 

during storage (Onwuka et al., 2020). Drying effectively reduces moisture content and activity, 

thus increasing shelf stability and extending storage life (Abbaspour-Gilandeh et al., 2020). 

Lowering moisture content helps inhibit the development of harmful microorganisms such as 

moulds and bacteria causing deterioration of agricultural products in storage (Mafe et al., 2024). 

Research has shown that the rate of moisture removal and resulting final moisture content depend 

largely on drying temperature and duration (Ayoola et al., 2026). As a general rule, higher 

temperatures enhance the moisture diffusion process, but excessive heating may reduce the quality 

of the products (White et al., 2025). Thus, proper conditions should be ensured in order to 

maximize the efficiency and effectiveness of drying. 

Effect on Proximate Composition 

Nutrient composition of food products may change due to the drying procedure depending on the 

particular methods used and drying parameters chosen (Khaled et al., 2024). Changes in nutrient 

composition are usually associated with thermal degradation, oxidation reactions and 

concentration effects that occur during moisture removal (ElGamal et al., 2023). 

It has been shown that protein content remains relatively stable even after drying at moderate 

temperatures, although excessive heating may cause denaturation and degradation of proteins 

(Manju et al., 2021). Similarly, the fat content may be affected adversely due to lipid oxidation 

caused by prolonged drying at elevated temperatures (Piskov et al., 2020). 

On the other hand, the moisture removal process leads to an apparent increase in other components, 

such as fiber and ash, in dried products (Abbaspour-Gilandeh et al., 2021). The exact nature of 

these effects depends on the drying method chosen and the parameters of drying. In any case, 

proper control of the drying process is important for the effective preservation of nutrients in 

Nigerian walnuts. 
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Effect on Phytochemicals and Antioxidant Properties 

Bioactive phytochemicals contained in Nigerian walnuts make them valuable for medicinal uses 

and health benefits (Nguyen and Vu, 2023). However, phytochemicals are rather sensitive to 

drying operations and their content may be changed significantly during processing 

(Paramanandam et al., 2021). 

High temperatures and prolonged heat treatment may impair significantly the antioxidant capacity 

of the products by affecting their phenolic content (Narra et al., 2024). Properly controlled drying 

at moderate temperatures helps retain phytochemicals and increase the stability and storability of 

the products (Paramanandam et al., 2021). It has been found that controlled methods of drying 

such as cabinet and solar drying result in higher content of bioactive compounds in comparison 

with traditional open sun drying (Akther et al., 2023). Preserving phytochemicals in processed 

products contributes positively to their nutritional value and functionality. 

Effect on Colour, Texture and Sensory Properties 

Colour and texture are important quality characteristics that directly affect the consumer 

acceptability of dried food products (Özdoğan et al., 2021). Drying conditions are important 

factors influencing these characteristics of dried Nigerian walnuts (Nyawo et al., 2025). 

High temperatures may cause the Maillard reaction, a non-enzymatic browning process, leading 

to darker color of dried walnuts (Pedron et al., 2025). On the other hand, prolonged drying leads 

to hardening of the products and decrease in their palatability (Alemayehu et al., 2026). 

In addition, drying methods providing more stable temperatures, such as cabinet or oven drying, 

are able to produce a more uniform and homogeneous product with good sensory characteristics 

(Lal et al., 2026). Solar drying may improve the hygienic quality of the products, reducing their 

contamination while preserving their colour and flavour (Lal et al., 2026). 

Good sensory qualities are required for achieving consumer acceptability of dried walnuts. 

Lipid Oxidation and Oil Stability 

Since Nigerian walnuts contain a lot of oil, they are susceptible to oxidation which is a major factor 

in quality deterioration of food products (Ampofo et al., 2022). Lipid oxidation is a chemical 

reaction that leads to formation of peroxides and other harmful substances, decreasing the 

nutritional value of the products (Liu et al., 2023). 

Drying temperature is one of the main factors affecting the rate of oxidative reactions in dried 

products (Kic, 2019). Drying at high temperatures increases the risk of lipid oxidation and 

formation of harmful compounds (Xu et al., 2024). 

Thus, optimal drying conditions play an important part in minimizing lipid oxidation in dried 

walnuts. Table 2 summarizes the various effects of drying on quality characteristics of Nigerian 

walnut. 

Table 2. Effects of drying on quality characteristics of Nigerian walnut 

Quality Parameter Effect of Drying Major Influencing Factors 

Moisture content Significant reduction in moisture content leading to improved 

shelf stability and reduced microbial spoilage 

Drying temperature; drying time; 

air velocity; drying method 

Protein content Generally stable under moderate drying conditions, but 

excessive heating may cause protein denaturation 

Temperature; drying duration 

Fat stability High temperatures may accelerate lipid oxidation and rancidity 

development 

Drying temperature; oxygen 

exposure; drying duration 

Ash content Apparent increase may occur due to moisture reduction and 

concentration effects 

Moisture loss; drying intensity 
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Fibre content Slight increase may be observed as a result of concentration 

during drying 

Moisture reduction; drying 

conditions 

Antioxidant properties Prolonged or excessive heating may reduce antioxidant activity 

and phytochemical content 

Temperature; exposure time; 

drying method 

Colour High temperatures and prolonged drying may cause browning 

and colour deterioration 

Temperature; drying duration; 

heat exposure 

Texture Excessive drying may lead to hardening and reduced 

palatability 

Moisture removal rate; drying 

temperature 

Sensory quality Drying conditions influence flavour, appearance and overall 

acceptability 

Drying method; temperature; 

processing conditions 

Shelf life Proper drying enhances storage stability and reduces 

postharvest losses 

Final moisture content; storage 

conditions 

Source: Compiled from literature review (Chauhan and Chauhan, 2020; Laddha et al., 2020; Oke 

et al., 2020; Piskov et al., 2020; Adetunji et al., 2021; Obeta et al., 2022; Qingyang et al., 2023; 

Matin et al., 2024). 

 

Processing Efficiency and Energy Considerations 
Processing efficiency is an important aspect in choosing and evaluating appropriate drying 

technologies for agricultural products such as Nigerian walnut. An efficient drying technology 

must be able to remove moisture quickly while using as little energy as possible and ensuring 

product quality (Chojnacka et al., 2021). This is particularly important in developing nations where 

energy prices and availability are major concerns. There are significant differences in efficiency 

between the various forms of drying technology applied in drying walnuts. According to Ayoola 

et al. (2026), an increase in drying temperature from 50°C to 80°C led to a decrease in drying time 

from around 7-8 hours to 4 hours under both cabinet and oven drying methods. The effective 

moisture diffusivity increased from 6.23 × 10⁻⁸ to 4.72 × 10⁻⁷ m²/s, suggesting that higher 

temperatures improve moisture migration while the activation energy ranged from 4.79 to 24.61 

kJ/mol depending on the type of drying system used and the shell status. The specific energy 

consumption range was also wide, ranging from 0.11 to 2.93 kWh/kg of water lost, but the best 

combination of drying rate and energy efficiency was provided by oven drying at 80°C. 

 

Similar results were observed by Man et al. (2024). The researchers noted that effective moisture 

diffusivity of hot-air drying ranged from 4.94 × 10⁻¹⁰ to 1.44 × 10⁻⁹ m²/s, while activation energy 

ranged from 21.56 to 23.35 kJ/mol. Increased drying temperature increased moisture diffusivity 

and mass transfer coefficient, therefore reducing drying time and improving drying efficiency. 

There is evidence to suggest that advanced drying technologies are more efficient than hot air-

drying methods. For example, Taskin et al. (2024b) noted that intact-shell walnuts needed about 

240 minutes when using conventional hot-air drying. However, infrared pre-dried kernel only took 

40 minutes. Additionally, the specific energy consumption in conventional hot-air drying was 

much higher compared to infrared-assisted drying, at 31.56 MJ/kg and as low as 7.76 MJ/kg 

respectively. Similar results were reported by Chen et al. (2020), where step-down temperature 

drying reduced drying time by up to 40% and energy consumption by 24%. 

Drying Rate and Moisture Removal Efficiency 

Drying rate refers to the quantity of water removed by the product during drying per unit of time; 

it is affected by the temperature used, air velocity, product thickness and drying mode (Khodadadi 

and Masoumi, 2025). Higher temperatures generally increase the heat transfer rate and accelerate 

diffusion of moisture from product surfaces, hence decreasing drying time (Mansour et al., 2025). 
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Cabinet and oven drying techniques have higher moisture removal rates than open sun drying 

owing to the better regulation of temperature and airflow (Ayoola et al., 2026). The goal should 

be a fast and uniform moisture removal so as to decrease drying time while avoiding bacterial 

contamination during processing (Asrate and Ali, 2025). Excessive drying rates, however, can 

cause undesirable quality alterations such as case hardening, product shrinkage and nutrient 

destruction (Yang et al., 2024). Thus, it is necessary to appropriately optimize drying conditions 

in order to remove moisture efficiently without compromising quality. 

Energy Consumption during Drying 

Utilization of energy is another key economic consideration in drying operations as large amounts 

of heat are used during the drying process (Urbano et al., 2023). Traditional drying systems like 

hot-air ovens and cabinets usually consume lots of electricity or thermal energy, which adds to 

processing cost (Bhattacharjee et al., 2024). The efficiency of energy utilization is dependent on 

factors like drying temperature, time, insulation efficiency and airflow management within the 

dryer (Maysami et al., 2020). Poorly engineered drying systems can suffer from unnecessary heat 

losses, leading to poor processing efficiency (Yu et al., 2025). Therefore, efforts have been made 

towards optimizing the energy efficiency of drying processes by designing solar-based and hybrid 

drying systems (Parhizi et al., 2022). The use of solar energy makes drying more efficient by 

reducing dependency on traditional fuel sources, hence reducing operating costs (There and 

Sharma, 2024). Hybrid systems have proved to offer increased energy efficiency and reduced 

drying time compared to single drying modes (Mierzwa and Musielak, 2023). 

Economic and Sustainability Aspects 

The economic feasibility of drying technologies is critical especially in cases involving small-scale 

processors in developing countries (Machala et al., 2022). Traditional open-sun drying has 

remained a common practice due to relatively low initial costs although it faces certain 

disadvantages like low drying efficiency and quality problems (There and Sharma, 2024). Modern 

drying technologies such as cabinet drying, heat pump drying and microwave-assisted drying 

provide greater drying efficiency but require high capital investments and technical knowledge 

(Yu et al., 2026). Thus, there has been a need for cost-effective and energy-efficient drying systems 

that fit rural and small-scale operations. Environmental and sustainability issues have become 

increasingly important in agricultural processing industries since they affect energy efficiency and 

ecological balance. The application of renewable sources of energy such as solar energy 

contributes immensely to sustainable agricultural processing and reduction of carbon footprint 

(Majeed et al., 2023). Optimization of the drying process can thus enhance the efficiency and 

sustainability of drying technologies used in walnut processing industry (Ayoola et al., 2026). 

Optimization of Drying Conditions 

It is critical to optimize the various parameters for attaining desired product quality and processing 

efficiency. These parameters include drying temperature, air velocity, drying time and product 

thickness (Asrate and Ali, 2025). They greatly affect moisture removal process, energy 

consumption and quality preservation (Ntsowe et al., 2025). Statistical and mathematical 

optimization methods have been applied to determine appropriate drying conditions for 

agricultural products (Elwakeel et al., 2025). It would help to reduce drying time, improve energy 

efficiency and prevent quality damage during processing (Taghinezhad et al., 2021). Nigerian 

walnut would require further optimization studies to determine optimal drying conditions that 

would balance efficiency and quality aspects of drying. Figure 1 shows the flowchart illustrating 

Nigerian walnut drying technologies, drying conditions, quality outcomes, and processing 
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efficiency. The diagram highlights the influence of different drying methods and operating 

conditions on moisture reduction, shelf stability, nutrient retention, oil stability, sensory quality, 

and overall market value of dried Nigerian walnut. 

 
Figure 1. Flowchart of Nigerian walnut drying technologies, drying conditions, quality outcomes, 

and processing efficiency. 

Source: Author’s conceptual illustration based on literature review. 

Challenges and Future Research Directions 

In spite of the increasing importance being attached to post-harvest technology and the utilization 

of Nigerian walnuts, many challenges exist which hinder effective and efficient drying process. 

These challenges include some factors which affect quality, efficacy, processing efficiency, and 

commercialization of walnut products. One of the most important challenges facing walnut 

producers in the drying process is the high energy demand required by conventional dryer types 

(Urbano et al., 2023). Rising energy costs, as well as lack of stable electricity supply in developing 

countries, make the operation of new technologies too costly and thus inaccessible to many 

processors (Ugembe et al., 2023). Therefore, some processors have no option but to use traditional 

open-sun drying methods which are unhygienic, prone to environmental contamination, and do 
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not yield good results. Other challenges include the inability to create optimum drying conditions 

that preserve the quality of dried products. High drying temperatures and long drying periods can 

lead to loss of nutrient content, lipid oxidation, reduced colour value, as well as poor sensory 

properties of walnut products (Yang et al., 2024). Inefficiency during drying processes could 

therefore adversely impact the nutrition and commercial value of the final product. Other problems 

associated with drying of Nigerian walnut include limited availability of suitable drying equipment 

as well as lack of adequate technical skills among processors (Ayoola et al., 2026). Traditional 

methods are often used where there is inadequate monitoring of critical drying variables such as 

temperature, airflow, and moisture content (Qingyang et al., 2023). As a result, uniformity and 

quality of dried walnuts are adversely affected. 

Future research needs to focus on development of cost-effective, energy-efficient and eco-friendly 

drying techniques for drying products in resource-limited regions. Special emphasis should be 

placed on hybrid drying techniques which offer a wide range of benefits. There is also a need for 

more research into the optimization of drying parameters in order to improve quality and efficiency 

of the drying process. Mathematical modelling techniques could be employed to gain better 

understanding of the drying process. Further research should also be conducted on the impact of 

drying on bioavailability of natural antioxidants in dried walnuts as well as their storage properties. 

In addition, there is need for closer cooperation among agricultural engineers, food processors, 

and other stakeholders to ensure wider industrial utilization of Nigerian walnuts. Improvement in 

postharvest technologies and creation of value-added walnut products could go a long way in 

improving food security and rural livelihoods. 

Conclusion 

Dryer technology is important in improving shelf life, safety and processing quality of Nigerian 

walnut (Tetracarpidium conophorum). Diverse types of dryer technology ranging from open sun 

drying, solar drying, oven drying and cabinet drying affect product quality and processing 

efficiency to different extents. Optimized conditions for drying are required for the conservation 

of the nutrient composition, phytochemical components, sensory attributes and oil stability in order 

to prevent any further degradation during storage. While conventional drying technology continues 

to be practiced owing to its economic benefits, new dryer technologies that are both cost-effective 

and efficient have emerged. More research efforts towards optimizing drying process parameters 

and developing sustainable dryer technologies are warranted.  

This review compiles current research findings on drying technologies of walnuts, which include 

reports on drying time from 40 minutes to 8 hours, moisture diffusivity rate from 4.94 × 10⁻¹⁰ to 

4.72 × 10⁻⁷ m²/s, activation energy from 4.79 to 24.61 kJ/mol, and savings in energy utilization up 

to 24% via improved drying technologies. This review additionally explores the impacts of the use 

of drying technologies on the nutritional value, retention of antioxidants, flavour formation, and 

efficiency in processing. 

Declaration of Competing Interest 

The authors declare that there is no conflict of interest regarding the publication of this paper. 

Funding 

This research received no specific grant from any funding agency in the public, commercial or 

not-for-profit sectors. 

 



Ayoola et al., - Drying Technologies for Nigerian Walnut (Tetracarpidium conophorum): A Review of Quality 

Characteristics and Processing Efficiency 

 

254 
 

References 

Abbaspour-Gilandeh, Y., Jahanbakhshi, A., and Kaveh, M. (2020). Prediction kinetic, energy and 

exergy of quince under hot air dryer using ANNs and ANFIS. Food Science and Nutrition, 

8(1), 594–611. https://doi.org/10.1002/fsn3.1347 

Abbaspour-Gilandeh, Y., Kaveh, M., Fatemi, H., and Aziz, M. (2021). Combined Hot Air, 

Microwave, and Infrared Drying of Hawthorn Fruit: Effects of Ultrasonic Pretreatment on 

Drying Time, Energy, Qualitative, and Bioactive Compounds’ Properties. In Foods (Vol. 10, 

Issue 5, p. 1006). https://doi.org/10.3390/foods10051006 

Acar, C., Dincer, I., and Mujumdar, A. (2022). A comprehensive review of recent advances in 

renewable-based drying technologies for a sustainable future. Drying Technology, 40(6), 

1029–1050. https://doi.org/10.1080/07373937.2020.1848858 

Adetunji, J. B., Adetunji, C. O., and Olaniyan, O. T. (2021). African Walnuts: A Natural 

Depository of Nutritional and Bioactive Compounds Essential for Food and Nutritional 

Security in Africa. In Food Security and Safety (pp. 331–354). Springer International 

Publishing. https://doi.org/10.1007/978-3-030-50672-8_19 

Adkison, C., Richmond, K., Lingga, N., Bikoba, V., and Mitcham, E. (2021). Optimizing walnut 

storage conditions: Effects of relative humidity, temperature, and shelling on quality after 

storage. HortScience, 56(10), 1244–1250. https://doi.org/10.21273/HORTSCI15881-21 

Akter, J., Hassan, J., Rahman, M. M., Biswas, M. S., Khan, H. I., Rahman Rajib, M. M., Ahmed, 

M. R., Noor-E-Azam Khan, M., and Ahamed Hasan, M. F. (2024). Colour, nutritional 

composition and antioxidant properties of dehydrated carrot (Daucus carota var. sativus) 

using solar drying techniques and pretreatments. Heliyon, 10(2), e24165. 

https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e24165 

Akther, F., Alim, M. A., Nasrin, N. A., Khan, M., Gomes, D. N., Suhan, M., Islam, M., and Begum, 

R. (2023). Effects of different drying methods on the proximate composition, antioxidant 

activity, and phytochemical content of Hibiscus sabdariffa L. Calyx. Food Chemistry 

Advances, 3, 100553. https://doi.org/https://doi.org/10.1016/j.focha.2023.100553 

Alemayehu, A. J., Adimas, Z. T., Adimas, M. A., and Abera, B. D. (2026). The impact of drying 

method and ripening levels of tomato on the physico chemical, microbial and functional 

properties of tomato powder. Applied Food Research, 6(1), 101760. 

https://doi.org/https://doi.org/10.1016/j.afres.2026.101760 

Ampofo, J., Grilo, F. S., Langstaff, S., and Wang, S. C. (2022). Oxidative Stability of Walnut 

Kernel and Oil: Chemical Compositions and Sensory Aroma Compounds. In Foods (Vol. 11, 

Issue 19, p. 3151). https://doi.org/10.3390/foods11193151 

Arslan, A., and Alibaş, İ. (2024). Assessing the effects of different drying methods and minimal 

processing on the sustainability of the organic food quality. Innovative Food Science and 

Emerging Technologies, 94, 103681. 

https://doi.org/https://doi.org/10.1016/j.ifset.2024.103681 

Asrate, D. A., and Ali, A. N. (2025). Review on the recent trends of food dryer technologies and 

optimization methods of drying parameters. Applied Food Research, 5(1), 100927. 

https://doi.org/https://doi.org/10.1016/j.afres.2025.100927 

Athira, V. A., Gokulvel, E., Nandhu Lal, A. M., Venugopalan, V. V., Rajkumar, and Venkatesh, 

T. (2023). Advances in drying techniques for retention of antioxidants in agro produces. 

Critical Reviews in Food Science and Nutrition, 63(31), 10849–10865. 

https://doi.org/10.1080/10408398.2022.2082371 

Ayodeji, A. E., and Aliyu, N. (2018). Tetracarpidium conophorum (African walnut) Hutch. and 



LAUTECH Journal of Civil and Environmental Studies 

Volume XVI, Issue II; June, 2026 

255 
 

Dalziel: Ethnomedicinal uses and its therapeutic activities. Journal of Medicinal Plants for 

Economic Development, 2(1), 1–10. https://doi.org/10.4102/jomped.v2i1.47 

Ayoola, A. S., Jekayinfa, S. O., Idowu, D. O., Lung’aho, M., Mushoriwa, H., Adesokan, M., and 

Alamu, E. O. (2026). Drying kinetics, energy efficiency, and moisture diffusion 

characteristics of African walnut (Tetracarpidium conophorum) during cabinet and oven 

drying . Frontiers in Food Science and Technology, Volume 6-. 

https://www.frontiersin.org/journals/food-science-and-

technology/articles/10.3389/frfst.2026.1794521 

Bhattacharjee, S., Mohanty, P., Sahu, J. K., and Sahu, J. N. (2024). A critical review on drying of 

food materials: Recent progress and key challenges. International Communications in Heat 

and Mass Transfer, 158, 107863. 

https://doi.org/https://doi.org/10.1016/j.icheatmasstransfer.2024.107863 

Bradford, K. J., Dahal, P., Van Asbrouck, J., Kunusoth, K., Bello, P., Thompson, J., and Wu, F. 

(2020). The dry chain: Reducing postharvest losses and improving food safety in humid 

climates. In Food Industry Wastes: Assessment and Recuperation of Commodities. INC. 

https://doi.org/10.1016/B978-0-12-817121-9.00017-6 

Chauhan, A., and Chauhan, V. (2020). Beneficial effects of walnuts on cognition and brain health. 

Nutrients, 12(2), 1–10. https://doi.org/10.3390/nu12020550 

Chen, C., Venkitasamy, C., Zhang, W., Deng, L., Meng, X., and Pan, Z. (2020). Effect of step-

down temperature drying on energy consumption and product quality of walnuts. Journal of 

Food Engineering, 285(March), 110105. https://doi.org/10.1016/j.jfoodeng.2020.110105 

Chen, C., Weipeng, Z., Venkitasamy, C., Khir, R., McHugh, T., and Pan, Z. (2020). Walnut 

structure and its influence on the hydration and drying characteristics. Drying Technology, 

38(8), 975–986. https://doi.org/10.1080/07373937.2019.1605610 

Chojnacka, K., Mikula, K., Izydorczyk, G., Skrzypczak, D., Witek-Krowiak, A., Moustakas, K., 

Ludwig, W., and Kułażyński, M. (2021). Improvements in drying technologies - Efficient 

solutions for cleaner production with higher energy efficiency and reduced emission. Journal 

of Cleaner Production, 320, 128706. 

https://doi.org/https://doi.org/10.1016/j.jclepro.2021.128706 

Dajbych, O., Kabutey, A., Mizera, Č., and Herák, D. (2023). Investigation of the Effects of Infrared 

and Hot Air Oven Drying Methods on Drying Behaviour and Colour Parameters of Red 

Delicious Apple Slices. Processes, 11(10), 18–29. https://doi.org/10.3390/pr11103027 

El Hage, H., Herez, A., Ramadan, M., Bazzi, H., and Khaled, M. (2018). An investigation on solar 

drying: A review with economic and environmental assessment. Energy, 157, 815–829. 

https://doi.org/10.1016/j.energy.2018.05.197 

ElGamal, R., Song, C., Rayan, A. M., Liu, C., Al-Rejaie, S., and ElMasry, G. (2023). Thermal 

Degradation of Bioactive Compounds during Drying Process of Horticultural and Agronomic 

Products: A Comprehensive Overview. Agronomy, 13(6). 

https://doi.org/10.3390/agronomy13061580 

Elwakeel, A. E., Oraiath, A. A. T., Ghanem, T. H. M., Elbeltagi, A., Salem, A., Dewidar, A. Z., 

Okasha, A. M., Habib, A., El-Messery, T. M., Moustapha, M. E., and Metwally, K. A. (2025). 

Mathematical modeling, drying kinetics, and economic analysis of a hybrid photovoltaic 

thermal solar dryer for henna leaves. Scientific Reports, 15(1), 21392. 

https://doi.org/10.1038/s41598-025-03460-3 

Fufa, D. D., Bekele, T., Tamene, A., and Bultosa, G. (2025). Drying kinetic models, 

thermodynamics, physicochemical qualities, and bioactive compounds of avocado (Persea 



Ayoola et al., - Drying Technologies for Nigerian Walnut (Tetracarpidium conophorum): A Review of Quality 

Characteristics and Processing Efficiency 

 

256 
 

americana Mill. Hass variety) seeds dried using various drying methods. Heliyon, 11(1), 

e41058. https://doi.org/10.1016/j.heliyon.2024.e41058 

Gama, T., Wallace, H. M., Trueman, S. J., and Hosseini-Bai, S. (2018). Quality and shelf life of 

tree nuts: A review. Scientia Horticulturae, 242(May), 116–126. 

https://doi.org/10.1016/j.scienta.2018.07.036 

Gao, J. R., Li, M. Y., Cheng, Z. Y., Liu, X. Y., Yang, H., Li, M. T., He, R. Y., Zhang, Q., and 

Yang, X. H. (2024). Effects of Different Drying Methods on Drying Characteristics and 

Quality of Small White Apricot (Prunus armeniaca L.). Agriculture (Switzerland), 14(10). 

https://doi.org/10.3390/agriculture14101716 

Han, Y., ZHeng, Y., Li, S., Mo, R., Long, X., and Liu, Y. (2019). Effects of drying process with 

different temperature on the nutritional qualities of walnut (Juglans regia L.). Food Science 

and Technology Research, 25(2), 167–177. https://doi.org/10.3136/fstr.25.167 

Ibrahim, A., Amer, A., Elsebaee, I., Sabahe, A., and Amer, M. A. (2024). Applied insight: studying 

reducing the carbon footprint of the drying process and its environmental impact and financial 

return. Frontiers in Bioengineering and Biotechnology, Volume 12. 

https://www.frontiersin.org/journals/bioengineering-and-

biotechnology/articles/10.3389/fbioe.2024.1355133 

Jayasuriya, H., Pathare, P. B., Al-Attabi, Z., and Al-Hamdani, A. (2023). Drying Kinetics and 

Quality Analysis of Coriander Leaves Dried in an Indirect, Stand-Alone Solar Dryer. 

Processes, 11(6), 1–15. https://doi.org/10.3390/pr11061596 

Jin, W., Pei, J., Wang, S., Chen, X., Gao, R., and Tan, M. (2022). Effect of continuous and 

intermittent drying on water mobility of fresh walnuts (Juglans regia L.): A LF-NMR study. 

Drying Technology, 40(2), 254–264. https://doi.org/10.1080/07373937.2020.1784925 

Joo, Y., Chang, S., Kim, S., and Oh, S. (2024). Effect of drying kinetics model on energy efficiency 

of drying systems. Energy, 291, 130390. 

https://doi.org/https://doi.org/10.1016/j.energy.2024.130390 

Kabeel, A. E., and Abdelgaied, M. (2018). Experimental evaluation of a two-stage indirect solar 

dryer with reheating coupled with HDH desalination system for remote areas. Desalination, 

425(August 2017), 22–29. https://doi.org/10.1016/j.desal.2017.10.016 

Kaveh, M., Abbaspour-Gilandeh, Y., Nadimi, M., Shahbazi, F., and Paliwal, J. (2025). Review of 

advanced drying techniques: a path to lower greenhouse gas emissions in agriculture. 

Discover Sustainability, 6(1), 423. https://doi.org/10.1007/s43621-025-01217-6 

Khaled, B. M., Das, A. K., Alam, S. M. S., Saqib, N., Rana, M. S., Sweet, S. R., Naznin, T., 

Hossain, M. P., Sardar, S., Hossain, Z., Marzan, S., and Yesmin, A. (2024). Effect of different 

drying techniques on the physicochemical and nutritional properties of Moringa oleifera 

leaves powder and their application in bakery product. Applied Food Research, 4(2), 100599. 

https://doi.org/https://doi.org/10.1016/j.afres.2024.100599 

Khodadadi, M., and Masoumi, A. (2025). Recent drying technologies used for drying poultry litter 

(principles, advantages and disadvantages): A comprehensive review. Poultry Science, 

104(2). https://doi.org/10.1016/j.psj.2024.104677 

Kic, P. (2019). Drying of inshell walnuts and walnut kernels under different convection conditions. 

Engineering for Rural Development, 18, 112–116. 

https://doi.org/10.22616/ERDev2019.18.N128 

Laddha, A. P., Adki, K. M., Gaikwad, A. B., and Kulkarni, Y. A. (2020). Beneficial Effects of 

Nuts From India in Cardiovascular Disorders. In Nuts and Seeds in Health and Disease 

Prevention. Elsevier Inc. https://doi.org/10.1016/B978-0-12-818553-7.00032-2 



LAUTECH Journal of Civil and Environmental Studies 

Volume XVI, Issue II; June, 2026 

257 
 

Lal, S., Mahatma, M. K., Saxena, S. N., Jangir, C. K., Aishwath, O. P., Bhardwaj, V., and 

Choudhary, M. (2026). Influence of drying methods on preservation of colour and quality 

attributes in celery (Apium graveolens L.) and dill (Anethum graveolens L.) leaves. Applied 

Food Research, 6(1), 101694. https://doi.org/https://doi.org/10.1016/j.afres.2026.101694 

Li, L., Gan, T., Xie, L., Yi, P., Long, Y., Huang, M., Luo, D., Zhang, L., Lu, F., Sun, J., and Li, 

D. (2026). Influence of Drying Temperature on Quality Characteristics and Drying Kinetics 

of  Siraitia grosvenorii Fruit. Foods (Basel, Switzerland), 15(2). 

https://doi.org/10.3390/foods15020335 

Lingayat, A. B., Chandramohan, V. P., Raju, V. R. K., and Meda, V. (2020). A review on indirect 

type solar dryers for agricultural crops – Dryer setup, its performance, energy storage and 

important highlights. Applied Energy, 258(May 2019), 114005. 

https://doi.org/10.1016/j.apenergy.2019.114005 

Liu, W., Luo, X., Huang, Y., Zhao, M., Liu, T., Wang, J., and Feng, F. (2023). Influence of cooking 

techniques on food quality, digestibility, and health risks regarding lipid oxidation. Food 

Research International, 167(February), 112685. 

https://doi.org/10.1016/j.foodres.2023.112685 

Machala, M. L., Tan, F. L., Poletayev, A., Khan, M. I., and Benson, S. M. (2022). Overcoming 

barriers to solar dryer adoption and the promise of multi-seasonal use in India. Energy for 

Sustainable Development, 68, 18–28. 

https://doi.org/https://doi.org/10.1016/j.esd.2022.02.001 

Mafe, A. N., Edo, G. I., Makia, R. S., Joshua, O. A., Akpoghelie, P. O., Gaaz, T. S., Jikah, A. N., 

Yousif, E., Isoje, E. F., Igbuku, U. A., Ahmed, D. S., Essaghah, A. E. A., and Umar, H. 

(2024). A review on food spoilage mechanisms, food borne diseases and commercial aspects 

of food preservation and processing. Food Chemistry Advances, 5(November), 100852. 

https://doi.org/10.1016/j.focha.2024.100852 

Majeed, Y., Khan, M. U., Waseem, M., Zahid, U., Mahmood, F., Majeed, F., Sultan, M., and Raza, 

A. (2023). Renewable energy as an alternative source for energy management in agriculture. 

Energy Reports, 10, 344–359. https://doi.org/https://doi.org/10.1016/j.egyr.2023.06.032 

Man, X., Li, L., Fan, X., Zhang, H., Lan, H., Tang, Y., and Zhang, Y. (2024). Drying Kinetics and 

Mass Transfer Characteristics of Walnut under Hot Air Drying. Agriculture (Switzerland), 

14(2). https://doi.org/10.3390/agriculture14020182 

Manju, K. M., Rekha, Priyanka, and Kumar, N. (2021). Effect of fluidized-bed and freeze-drying 

techniques on physicochemical, nutritional, thermal, and structural properties of Moringa 

oleifera flowers, leaves, and seeds. Journal of Food Processing and Preservation, 45(9), 1–

13. https://doi.org/10.1111/jfpp.15719 

Mansour, N. E., Villagran, E., Rodriguez, J., Akrami, M., Flores-Velazquez, J., Metwally, K. A., 

Alhumedi, M., Ahmed, A. F., and Elshawadfy Elwakeel, A. (2025). Effect of Drying 

Conditions on Kinetics, Modeling, and Thermodynamic Behavior of Marjoram Leaves in an 

IoT-Controlled Vacuum Dryer. In Sustainability (Vol. 17, Issue 13, p. 5980). 

https://doi.org/10.3390/su17135980 

Matin, A., Brandić, I., Gubor, M., Pezo, L., Krička, T., Matin, B., Jurišić, V., and Antonović, A. 

(2024). Effect of conduction drying on nutrient and fatty acid profiles: a comparative analysis 

of hazelnuts and walnuts. Frontiers in Sustainable Food Systems, 8(February). 

https://doi.org/10.3389/fsufs.2024.1351309 

Maysami, M., Sedighi, R., and Ghaffari, H. (2020). Evaluation of different drying processes by 

energy consumption in an insulated and not insulated laboratory convection dryer. Food 



Ayoola et al., - Drying Technologies for Nigerian Walnut (Tetracarpidium conophorum): A Review of Quality 

Characteristics and Processing Efficiency 

 

258 
 

Research, 4, 107–111. https://doi.org/10.26656/fr.2017.4(S6).042 

Menon, A., Stojceska, V., and Tassou, S. A. (2020). A systematic review on the recent advances 

of the energy efficiency improvements in non-conventional food drying technologies. Trends 

in Food Science and Technology, 100(June 2019), 67–76. 

https://doi.org/10.1016/j.tifs.2020.03.014 

Mierzwa, D., and Musielak, G. (2023). Convective–Microwave–IR Hybrid Drying of Kaolin 

Clay—Kinetics of Process. In Applied Sciences (Vol. 13, Issue 13, p. 7451). 

https://doi.org/10.3390/app13137451 

Nainggolan, E. A., Banout, J., and Urbanova, K. (2024). Recent Trends in the Pre-Drying, Drying, 

and Post-Drying Processes for Cassava Tuber: A Review. Foods, 13(11), 1–23. 

https://doi.org/10.3390/foods13111778 

Narra, F., Piragine, E., Benedetti, G., Ceccanti, C., Florio, M., Spezzini, J., Troisi, F., Giovannoni, 

R., Martelli, A., and Guidi, L. (2024). Impact of thermal processing on polyphenols, 

carotenoids, glucosinolates, and ascorbic acid in fruit and vegetables and their cardiovascular 

benefits. Comprehensive Reviews in Food Science and Food Safety, 23(6), e13426. 

https://doi.org/https://doi.org/10.1111/1541-4337.13426 

Natumanya, P., Twinomuhwezi, H., Igwe, V. S., Maryam, S., and Awuchi, C. G. (2021). Effects 

of Drying Techniques on Nutrient Retention and Phytochemicals in Selected Vegetables. 

European Journal of Agriculture and Food Sciences, 3(2 SE-Articles), 5–14. 

https://doi.org/10.24018/ejfood.2021.3.2.247 

Nguyen, T. H. D., and Vu, D. C. (2023). A Review on Phytochemical Composition and Potential 

Health-promoting Properties of Walnuts. Food Reviews International, 39(1), 397–423. 

https://doi.org/10.1080/87559129.2021.1912084 

Nkwonta, C. G., Auma, C. I., and Gong, Y. (2023). Underutilised food crops for improving food 

security and nutrition health in Nigeria and Uganda—a review. Frontiers in Sustainable Food 

Systems, Volume 7-. https://www.frontiersin.org/journals/sustainable-food-

systems/articles/10.3389/fsufs.2023.1126020 

Ntsowe, K., Workneh, T. S., Laurie, S., and Emmambux, N. (2025). Different Drying Techniques 

and Their Impact on Physicochemical Properties of  Sweet Potato: A Review. Journal of 

Food Science, 90(8), e70458. https://doi.org/10.1111/1750-3841.70458 

Nwankwo, C. S., Okpomor, E. O., Dibagar, N., Wodecki, M., Zwierz, W., and Figiel, A. (2023). 

Recent Developments in the Hybridization of the Freeze-Drying Technique in Food 

Dehydration: A Review on Chemical and Sensory Qualities. In Foods (Vol. 12, Issue 18, p. 

3437). https://doi.org/10.3390/foods12183437 

Nyawo, O. K., Molelekoa, T. B. J., Da Silva, L. S., and Beswa, D. (2025). Effect of drying methods 

on colour stability, lycopene retention, total phenolic content, total flavonoid content, and 

antioxidant activity of dried tomatoes under accelerated storage conditions. International 

Journal of Food Science and Technology, 60(2), vvaf185. 

https://doi.org/10.1093/ijfood/vvaf185 

Obeta, U., Lawrence, A., Akram, M., and Said Khan, F. (2022). Some Nutritional and Medicinal 

Importance of Nigerian Walnut “Tetracarpidium conophoram.” International Journal Of 

Pharmaceutical And Phytopharmacological Research, 11(5), 34–40. 

https://doi.org/10.51847/ztq0cctgpe 

Oke, O. S., Oyaniyi, T., Adewumi, O. T., Bamigboye, O. T., Lawah, M. O., Jatto, K. A., Adara, 

C. T., Marizu, J. T., and Ogunbela, A. A. (2020). Economic, Nutritional and Medicinal Values 

of African Walnut (Tetracarpidium Conophorum) in Nigeria (Hutch. and Dalziel): A Review. 



LAUTECH Journal of Civil and Environmental Studies 

Volume XVI, Issue II; June, 2026 

259 
 

Journal of Research in Foresty, Wildlife and Environment, 12(2), 80–89. 

http://www.ajol.info/index.php/jrfwe 

Onwuka, K., Enenwa, N. E., Onwuka, K. E., and Osigwe, C. E. (2020). A Brief Review on the 

Composition, Proximate and Elemental Analysis of the Nigerian Walnut (Tetracarpidium 

conophorum). Chemistry Research Journal, 2020(4), 161–175. 

Osae, R., Apaliya, M. T., Kwaw, E., Akoto, R. S., Bonah, E., Owusu-Ansah, P., and Alolga, R. N. 

(2023). Evaluation of various drying approaches on the physicochemical properties, 

rehydration kinetics, mathematical modeling and quality of tiger nut (Cyperus esculentum). 

Journal of Agriculture and Food Research, 12. https://doi.org/10.1016/j.jafr.2023.100584 

Özdoğan, G., Lin, X., and Sun, D. W. (2021). Rapid and noninvasive sensory analyses of food 

products by hyperspectral imaging: Recent application developments. Trends in Food 

Science and Technology, 111(January), 151–165. https://doi.org/10.1016/j.tifs.2021.02.044 

Paramanandam, V., Jagadeesan, G., Muniyandi, K., Manoharan, A. L., Nataraj, G., 

Sathyanarayanan, S., and Thangaraj, P. (2021). Comparative and variability analysis of 

different drying methods on phytochemical, antioxidant and phenolic contents of Ficus 

auriculata Lour. Fruit. Phytomedicine Plus, 1(3), 100075. 

https://doi.org/https://doi.org/10.1016/j.phyplu.2021.100075 

Parhizi, Z., Karami, H., Golpour, I., Kaveh, M., Szymanek, M., Blanco-Marigorta, A. M., Marcos, 

J. D., Khalife, E., Skowron, S., Adnan Othman, N., and Darvishi, Y. (2022). Modeling and 

Optimization of Energy and Exergy Parameters of a Hybrid-Solar Dryer for Basil Leaf Drying 

Using RSM. In Sustainability (Vol. 14, Issue 14, p. 8839). 

https://doi.org/10.3390/su14148839 

Pedron, G., Jaouhari, Y., and Bordiga, M. (2025). Conventional and Innovative Drying/Roasting 

Technologies: Effect on Bioactive and Sensorial Profiles in Nuts and Nut-Based Products. In 

Applied Sciences (Vol. 15, Issue 3, p. 1258). https://doi.org/10.3390/app15031258 

Piskov, S., Timchenko, L., Grimm, W. D., Rzhepakovsky, I., Avanesyan, S., Sizonenko, M., and 

Kurchenko, V. (2020). Effects of various drying methods on some physico-chemical 

properties and the antioxidant profile and ACE inhibition activity of oyster mushrooms 

(Pleurotus ostreatus). Foods, 9(2). https://doi.org/10.3390/foods9020160 

Qingyang, L., Ruohui, W., Shiman, S., Danyu, S., Runhong, M., and Yihua, L. (2023). 

Comparison of different drying technologies for walnut (Juglans regia L.)  pellicles: Changes 

from phenolic composition, antioxidant activity to potential application. Food Chemistry: X, 

20, 101037. https://doi.org/10.1016/j.fochx.2023.101037 

Shekata, G. D., Tibba, G. S., and Baheta, A. T. (2024). Recent advancements in indirect solar dryer 

performance and the associated thermal energy storage. Results in Engineering, 24, 102877. 

https://doi.org/https://doi.org/10.1016/j.rineng.2024.102877 

Taghinezhad, E., Kaveh, M., and Szumny, A. (2021). Optimization and Prediction of the Drying 

and Quality of Turnip Slices by Convective-Infrared Dryer under Various Pretreatments by 

RSM and ANFIS Methods. In Foods (Vol. 10, Issue 2, p. 284). 

https://doi.org/10.3390/foods10020284 

Taskin, O., Khir, R., Ning, Z., Cao, L., Niederholzer, F., and Pan, Z. (2024a). Drying and quality 

characteristics of intact-shell, cracked-shell and kernel walnuts under sequential infrared pre-

drying and hot air drying. Food Control, 165(June), 110669. 

https://doi.org/10.1016/j.foodcont.2024.110669 

Taskin, O., Khir, R., Ning, Z., Cao, L., Niederholzer, F., and Pan, Z. (2024b). Drying and quality 

characteristics of intact-shell, cracked-shell and kernel walnuts under sequential infrared pre-



Ayoola et al., - Drying Technologies for Nigerian Walnut (Tetracarpidium conophorum): A Review of Quality 

Characteristics and Processing Efficiency 

 

260 
 

drying and hot air drying. Food Control, 165(December 2023), 110669. 

https://doi.org/10.1016/j.foodcont.2024.110669 

Teneva, O., Petkova, Z., Toshev, N., Solakov, N., Loginovska, K., and Platov, Y. (2024). Effect 

of roasting on the chemical and lipid composition of pine nuts in two regions in Russia. 

Heliyon, 10(14), e34576. https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e34576 

There, G., and Sharma, R. (2024). A Comprehensive Review of Design and Technological 

Advancements across Various Types of Solar Dryers. In Energy Engineering  (Vol. 121, Issue 

10). https://doi.org/10.32604/ee.2024.049506 

Ugembe, M. A., Brito, M. C., and Inglesi-Lotz, R. (2023). Electricity access and unreliability in 

the creation of sustainable livelihoods in Mozambique. Energy for Sustainable Development, 

77, 101330. https://doi.org/https://doi.org/10.1016/j.esd.2023.101330 

Urbano, D. G., Aquino, A., and Scrucca, F. (2023). Energy Performance, Environmental Impacts 

and Costs of a Drying System: Life Cycle Analysis of Conventional and Heat Recovery 

Scenarios. In Energies (Vol. 16, Issue 3, p. 1523). https://doi.org/10.3390/en16031523 

Viola Salvador, P., Kugbega, S., Lazarte, C., Tivana, L., and Galindo, F. G. (2025). Challenges 

and Drivers for the Adoption of Improved Solar Drying Technologies in Mango Farming: A 

Case Study of Smallholder Farmers in Mozambique. In Sustainability (Vol. 17, Issue 18, p. 

8325). https://doi.org/10.3390/su17188325 

White, S., Jackson-Davis, A., Gordon, K., Morris, K., Dudley, A., Abdallah-Ruiz, A., Allgaier, 

K., Sharpe, K., Yenduri, A. K., Green, K., and Santos, F. (2025). A Review of Non-thermal 

Interventions in Food Processing Technologies. Journal of Food Protection, 88(6), 100508. 

https://doi.org/https://doi.org/10.1016/j.jfp.2025.100508 

Wu, M., Wang, P., Zhu, F., Zhu, Z., Qu, X., Wei, Y., Cheng, Y., and Zhong, L. (2024). Postharvest 

drying of walnuts: Effect of drying methods on walnut quality. LWT, 191, 115565. 

https://doi.org/https://doi.org/10.1016/j.lwt.2023.115565 

Wu, W., Li, H., Chen, Y., Luo, Y., Zeng, J., Huang, J., and Gao, T. (2024a). Recent Advances in 

Drying Processing Technologies for Aquatic Products. Processes, 12(5), 1–26. 

https://doi.org/10.3390/pr12050942 

Wu, W., Li, H., Chen, Y., Luo, Y., Zeng, J., Huang, J., and Gao, T. (2024b). Recent Advances in 

Drying Processing Technologies for Aquatic Products. In Processes (Vol. 12, Issue 5, p. 942). 

https://doi.org/10.3390/pr12050942 

Xu, M., Liu, Q., Ni, X., Chen, C., Deng, X., Fang, Y., Wang, X., Shen, Q., and Yu, R. (2024). 

Lipidomics reveals the effect of hot-air drying on the quality characteristics and lipid 

oxidation of Tai Lake whitebait (Neosalanx taihuensis Chen). LWT, 197, 115942. 

https://doi.org/https://doi.org/10.1016/j.lwt.2024.115942 

Yang, Q., Yi, X., Xiao, H., Wang, X., Liu, L., Tang, Z., Hu, C., and Li, X. (2024). Effects of 

Different Drying Methods on Drying Characteristics, Microstructure,  Quality, and Energy 

Consumption of Apricot Slices. Foods (Basel, Switzerland), 13(9). 

https://doi.org/10.3390/foods13091295 

Yasmin, S., Hasan, M., Sohany, M., and Sarker, M. S. H. (2022). Drying kinetics and quality 

aspects of bitter gourd (Momordica charantia) dried in a novel cabinet dryer. Food Research, 

6(4), 180–188. https://doi.org/10.26656/fr.2017.6(4).437 

Yu, H., Ren, M., Chen, L., Wei, Y., and Zhou, C. (2026). Drying Technologies and Pretreatment 

Techniques for Medicinal and Edible Fruits and Vegetables: Mechanisms, Advantages, 

Limitations, and Impact on Pharmacological Compounds. In Processes (Vol. 14, Issue 1, p. 

82). https://doi.org/10.3390/pr14010082 



LAUTECH Journal of Civil and Environmental Studies 

Volume XVI, Issue II; June, 2026 

261 
 

Yu, P., Zhu, W., Shen, C., Qiao, Y., Zhang, W., Zhu, Y., Gong, J., and Cai, J. (2025). Current 

Status of Grain Drying Technology and Equipment Development: A Review. Foods (Basel, 

Switzerland), 14(14). https://doi.org/10.3390/foods14142426 

Yuan, Y., Liu, X., Jiang, J., Liu, S., Men, D., Sheng, J., Tian, Y., Tao, L., and Dai, J. (2025). 

Comparative analysis of drying methods for fresh in-hull walnuts: Impact on sensory quality, 

physical and chemical properties and flavor characteristics. LWT, 223, 117675. 

https://doi.org/https://doi.org/10.1016/j.lwt.2025.117675 

Zahid, H., Zulfiqar, A., Adnan, M., Iqbal, M. S., Shah, A., and Mohamed, S. E. G. (2025). Global 

renewable energy transition: A multidisciplinary analysis of emerging computing 

technologies, socio-economic impacts, and policy imperatives. Results in Engineering, 26, 

105258. https://doi.org/https://doi.org/10.1016/j.rineng.2025.105258 


