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Abstracts: This review was conducted to implement the potential use of ultra- and nanofiltration as a separation 
technique accompanied by a diafiltration (DF) technique. We start by introducing the principle of pressure-driven 
membrane-based separation process and DF process in general, and selected applications of ultra- and 
nanofiltration/diafiltration techniques on the food-oriented agro-industrial products in particular, such as 
nanofiltration/diafiltration (NF/DF) technique of mung beans autolysate, ultrafiltration/diafiltration (UF/DF) technique of 
forest honey products, and ultrafiltration/diafiltration (UF/DF) technique of fish gelatin. We also describe the potential 
benefits as green and sustainable and the drawbacks of membrane-based separation process. Both relevant information 
and data related to this review were obtained from various sources originating from international organizations (FAO and 
UNEP, United States Standards for Grades of Extracted Honey, USA and National Honey Board (NHB), USA), review of 
various scientific articles and scientific literature, handbook, and the selected result of experiment activity. We hope this 
review manuscript is useful for further research into membrane technology implementations in food-oriented agro-
industrial products and in a wider range of applications. 
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1. INTRODUCTION  

1.1. Background 

Indonesia is endowed with tremendous potential in terms of abundant natural resources that are closely 

associated with the food-oriented agro-industry. The agro-industrial sector is a subset of the manufacturing sector 

and plays a vital role in transforming raw agricultural materials and intermediate products derived from agriculture, 

forestry, and fishery (AFF) into value-added goods that significantly contribute to economic growth. Therefore, 

Indonesia must maximize effective management in these sectors to improve the national economy and welfare of 

the community. The significance of the agro-industry is evident in its substantial contribution to the country’s Gross 

Domestic Product (GDP), accounting for 13.28% in 2021. This places the sector as the second biggest contributor 

to Indonesia's GDP, following the manufacturing industry with 19.25% in 2021. One possible strategy to improve the 

welfare of the food-oriented agro-industry is to focus on developing food-oriented agro-industrial products [1;2]. The 

agricultural sector, being the main source of food-oriented activities, serves as the backbone of the agricultural 

economy and plays a role in national economic development. Furthermore, its contribution to the Gross Domestic 

Product (GDP) is significant, and it serves as a major employment provider, thereby increasing people’s income and 

livelihoods. Indonesia, known as the largest agricultural country, has the second-largest biodiversity land area 

globally, following Brazil. This is exemplified by the diverse range of commodities, including food crops, horticulture, 

plantations, and farms that have long served as a source of food and social revenue [3]. The forestry sector 

encompasses the management of trees and other vegetation within the natural forests consisting of primary and 

secondary types. Forests are crucial for biodiversity conservation, as they provide habitats for food and medicinal 

plants. These areas play a role in carbon capture, storage, and climate change mitigation. Previous studies have 

shown that forests offer a wide array of natural resources to meet human needs along with abundant biodiversity 

[4]. This abundance facilitates the production of diverse goods, including timber and non-timber forest products 

(NTFPs) (also known as non-wood forest products). Although both timber and NTFPs are considered renewable or 

sustainable, they exhibit distinct characteristics and contrasting attributes. In Indonesia, the fishery sector plays an 

important role in ensuring national food security. Due to the coastal nature of several communities, fish is an 
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important component of the people's diet. As a natural resource, the fishing sector is recognized as a potential area 

for economic growth and a strategic issue in sustainable fishery activities in Indonesia. Furthermore, it is renowned 

as one of the globally recognized food industry sectors [5]. The forestry sector encompasses the management of 

trees and other vegetation within the natural forests consisting of primary and secondary types. Forests are crucial 

for biodiversity conservation, as they provide habitats for food and medicinal plants. These areas play a role in 

carbon capture, storage, and climate change mitigation. Previous studies have shown that forests offer a wide array 

of natural resources to meet human needs along with abundant biodiversity. This abundance facilitates the 

production of diverse goods, including timber and non-timber forest products (NTFPs) (also known as non-wood 

forest products). Although both timber and NTFPs are considered renewable or sustainable, they exhibit distinct 

characteristics and contrasting attributes. In Indonesia, the fishery sector plays an important role in ensuring 

national food security. Due to the coastal nature of several communities, fish is an important component of the 

people's diet. As a natural resource, the fishing sector is recognized as a potential area for economic growth and a 

strategic issue in sustainable fishery activities in Indonesia. Furthermore, it is renowned as one of the globally 

recognized food industry sectors [6]. To ensure the production of convenient agro-industrial products, it is important 

to establish a continuous and streamlined process. Therefore, Indonesia must focus on exploring its agro-industrial 

product and resources by implementing the separation and purification process science and technology. This 

approach can lead to increased added value, the adoption of environmentally-friendly practices, and a reduction in 

global energy consumption. Furthermore, recent developments in advanced polymer manipulation, particularly in 

membrane design, have provided new possibilities for effective, practical, and useful separation unit processes and 

unit operations in chemical engineering. The use of separation process technology has been widely implemented to 

fulfill the demand for these commodities while achieving the desired quantity and quality [7].  

In recent decades, membrane processes have emerged as the forefront technology for separation, purification, 

and concentration procedures. Pressure-driven membrane separation processes, including Ultrafiltration (UF) and 

Nanofiltration (NF), have been widely implemented in various industries, such as food and beverage, biotechnology, 

pharmaceutical, agriculture, and others [8]. Materials used in these technologies are often chemically inert and 

selected based on their suitability for specific separation processes. Furthermore, these materials possess a wide 

range of desirable features, including excellent chemical and thermal stability, durability, bacterial resistance, back-

flushing capability, cleaning and biological stability, as well as superior mechanical strength and flexibility. Over time, 

several membrane separation techniques have been developed, progressing from conventional methods to 

advanced approaches, such as ultra-and nanofiltration/ diafiltration-based processes [9]. 

1.2. Objective 

This manuscript aims to provide an overview of the principles underlying pressure-driven membrane-based-

separation processes, with a specific focus on selected applications in the food-oriented agro-industrial sector. 

These applications often involved the utilization of the diafiltration (DF) technique. This review discussed the 

nanofiltration/ diafiltration (NF/DF) technique of mung beans autolysate, as well as the ultrafiltration/diafiltration of 

forest honey products and fish gelatin. Information and data supporting this review were obtained from various 

relevant sources, including international organizations, such as FAO, UNEP, the United States Standards for Grades 

of Extracted Honey, and the National Honey Board (NHB), USA. Several scientific articles, literature, handbooks, 

and selected experimental results were also consulted. This review also discussed the potential benefits and 

limitations of the membrane-based separation process. 

2. BASIC PRINCIPLES OF MEMBRANE 

2.1. Pressure-Driven Membrane Separation Process 

The term ‘membrane’ referred to the thin layer of selective semi-permeable material with the thickness of the top 

active layer being approximately less than 1.0 μm [10]. The membrane employed a semi-permeable barrier, which 

served as a selective filter, and relied on an applied pressure to facilitate the separation of the target components 

from a liquid solution. Furthermore, it preferentially blocked one or more desired and target components on the 
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surface, allowing them to be retained in what is known as the retentate or concentrate. Meanwhile, the membrane 

allowed other materials to pass freely as the permeate or filtrate. Depending on the specific process, the target 

products could either be found in the permeate, retentate, or both. The membrane’s ability to selectively allow 

components to pass through was influenced by various factors, including pore size or molecular weight cut-off 

(MWCO), physical/chemical characteristics, the material being sieved, and trans-membrane pressure (TMP) [11]. 

Although all membranes were rated for specific pore sizes, the ratings were an unreliable measure of filter efficacy 

as they differed from one product and manufacturer to another. Based on the main ranges of separation, the 

processes could be classified into Microfiltration (MF, pore size of 0.1 – 10 µm, TMP of 0.2 – 5 bar), Ultrafiltration 

(UF, 0.01 – 0.1 µm, 1 – 10 bar), Nanofiltration (NF, 0.001 – 0.01 µm, 5 – 20 bar), and Reverse Osmosis (0.0001 – 

0.001 µm, 10 – 150 bar) [12;13]. The UF membrane referred to a pressure-driven separation process that removed 

particles larger than the pore size through a sieving mechanism, separating particles from solution based on their 

MWCOs. Furthermore, it typically separated and concentrated macromolecular solutions with MWCO range of 

1,000 – 1,000,000 Dalton (Da.) due to small pore sizes. This indicated that all substances larger than a membrane's 

MWCO, such as macromolecules (proteins, carbohydrates, and fat), were kept on the surface, while others smaller 

than the MWCO (sugars, salt minerals, and water) could easily pass through [14;15]. NF membrane referred to a 

pressure-driven separation process operating based on size (sieving effect) and charge (Donnan effect) with 

separation capabilities between UF and RO membranes. NF has nanoscale pores with a size typically ranging from 

0.001 – 0.01 µm and corresponding to the MWCO range of 200 – 1000 Da. The process was often used to reject 

small molecules in dissolved organic matter with a molecular weight (MW) ranging from 150 – 250 Da. Furthermore, 

it had good selectivity for divalent ions (Ca2+, Mg2+), and could be used to separate low MW solutes (glucose, 

saccharides, amino acid, peptide), with demineralization activity. Based on previous studies, some of its advantages 

included high molecular rejections when compared to UF and low operating pressures in comparison to RO. NF 

separation technique was commonly used for demineralization and concentration of thermosensitive aqueous 

solutions [16;17]. 

2.2. Diafiltration (DF) 

Another common application of UF and NF membranes, which utilized cross-flow filtration, was in the production 

of diafiltration (DF) frames. Furthermore, DF referred to a term used to achieve two main objectives, namely 

maximizing the yield of a macro solute solution (product yield) and replacing membrane-permeable molecules 

(micro solutes, small molecules, salts, undesirable impurities) in the initial product solution (feed) by adding a fresh 

diluent based on differences in molecular size. The fresh diluent inflow (solute-free pure, fresh water) was added 

into the feed solution tank at a flow rate approximately equal to the permeate outflow. At least one impurity with a 

particle size smaller than the membrane's pores was continuously washed out through a selective active membrane 

known as permeate. The most predominant parameter during the DF process was the number of DF volumes (ND), 

which was calculated by dividing the total collected permeate volume by the constant original product solution (feed) 

or retentate volume. The component concentration in the starting solution was an essential parameter because it 

affected the volume of the product to be diafiltered (low concentration, greater volume) as well as the permeate flow 

rate (higher concentrations, lower permeate flow rate). The permeate stream leaving the system was known as flux 

expressed as the volume of permeate per square meter of membrane area per time. The requirement for an 

effective separation was the utilization of an appropriate membrane with a high rejection for the macro solute and a 

low rejection for the micro solute based on their molecular size to obtain a pure solution [18;19;20;21]. DF mode in 

the product solution is shown in Figure 1 [22].  
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Figure. 1. Diafiltration methods in product solution (Adapted from ref. [22]). 

 

2.3. Application of Ultra-and Nanofiltration/Diafiltration Processes 

The pressure-driven membrane process as unit operations and processes in chemical engineering represented 

a unique separation techniques, such as separation, fractionation, purification, and/or concentration a wide range of 

liquids. To achieve these purposes, ultra- and nanofiltration membranes were often implemented in a process 

known as Diafiltration (DF). Depending on the separation target, DF could be combined with ultrafiltration (UF) or 

nanofiltration (NF) membranes. Furthermore, DF was extensively used in the food and beverage, pharmaceutical, 

nutraceutical, and biotechnological industries for separating multi-component process streams. One of the selected 

important applications discussed in this review was Ultra- and Nanofiltration/Diafiltration-Based Processes of Food-

Oriented Agro-industrial Products [23]. Application of Ultra- and Nanofiltration/Diafiltration Techniques had 

substantially improved the food-oriented agro-industrial process. The membrane-based separation methods in the 

product of food-oriented agro-industrial, including agriculture (beans), forestry (honey), and fishery (gelatin), are 

discussed below. 

2.3.1. Nanofiltration/Diafiltration (NF/DF) technique of mung beans autolysate   

Mung bean (Vigna radiata (L.) R. Wilczek var. radiata) was a significant dietary legume crop with great potential 

for improving human nutrition for thousands of years. The mung bean was a useful and valuable component of 

prepared food systems because it was an excellent source of carbohydrates, iron, and zinc, as well as digestible 

protein and other essential minerals. Furthermore, vegetable or plant protein could contribute a much higher 

percentage of human nutrition in the future, thereby decreasing the consumption of animal protein products for 

health and economic reasons. Prepared mung bean was commonly consumed in East Asian (China, Korea, Japan, 

and Taiwan) and South-East Asian (Vietnam, Thailand, Malaysia, and Indonesia) countries [24].  

One of the mung bean varieties that had been produced involved autolysis through brine fermentation with the 

addition of Rhizopus sp.-PL19 and Aspergillus sp.-K3 at pH 5.5 and 50 °C for 16 hours. Autolysis was often 

performed through the activity of the protease enzyme to boost savory (umami) fraction content, such as L-Glutamic 

acid. The umami flavor was distinct, with savory, brothy, or meaty characteristics. The salt gradually transformed 

into a culture medium, and the rate depended on several variables, including mung bean variety, mung 

bean/salt/inoculum proportion, and type and concentration of inoculum [25]. The savory portion in autolysate was 

separated using a 0.2 µm microfiltration (MF) membrane, yielding permeate and retentate. The NF membrane was 

then used to concentrate the MF permeate to produce NF retentate. (concentrate). Concentrate-Aspergillus sp.-K3 

(Autolysate B) was a lighter-colored liquid compared to concentrate Rhizopus sp.-PL19 (Autolysate A). 

Furthermore, autolysate B was a murky yellow liquid with an umami and salty flavor. This liquid color was related to 

the autolysis process condition and inoculum types in which the presence of heat produced brown-colored pigment 

due to the Maillard reaction between monosaccharide and amino acids. Autolysate A and B were introduced as 

feed to NF/DF mode to remove part of the salt and partly caramel-colored pigment to meet the growing demand for 
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healthy food. The need for highly valuable end products with low-salt content and light-colored liquid provided new 

opportunities to apply membrane technologies [26;27]. 

The NF/DF mode was carried out by filling the feed of Autolysate A into the feed tank to approximately one-third 

of its maximum capacity (3.5 L). The content in the feed tank was subsequently pumped tangentially using a fixed 

pump motor frequency (20 Hz, cross-flow rate of 7.5 L/min.) through a pre-filtration in 200 μm filter, heat exchanger 

system. The content was also pumped into a flat sheet NF membrane module (plate & frame) mounted vertically 

under constant room temperature, cross-flow rate of 7.5 L/min, and TMP of 20 bar for 5 minutes until the permeate 

contained colorless liquid. Autolysate A was then recirculated to the feed tank to keep an effectively constant 

concentration. DF-NF mode was performed in the continuous mode, where the permeate flux was compensated by 

an equal input of RO water (32 mL/min.). During the DF/NF mode, pure water (RO water) was introduced into the 

feed suspension tank, while the permeate was removed from the suspension tank through the same membrane 

surface. In this case, the retentate (feed) micro solutes progressively decreased and were removed as permeate 

flux. This experiment involved the addition of RO fresh water to different retentate (feed) volumes (ND) at various 

ratios. Retentate and permeate were regularly sampled and recorded to analyze their salt, N-amino, and L-Glutamic 

Acid concentrations. Furthermore, the same procedure was conducted for Autolysate B. At the end of each process, 

the membranes were thoroughly flushed with RO water. The membranes were then cleaned using a 4% NaOH 

solution before storing them in 1 % Sodium azide till the subsequent run [25;28]. 

The experiment result showed that the NF-DF mode of both Autolysate A and B could reduce the optimal salt 

concentration at ND 0.2 (20%) and ND 0.2 (4.76%), respectively. High ND gave a high salt reduction in retentate 

(concentrate). The optimum ND (0.2) showed permeate as a side product with 70 and 51.23 L/m2.h fluxes, 0 and 

0.1325% salt concentration, 3.5 and 1.4 mg/mL N-amino, and 0.6375 and 0.3188% L-Glutamic acid (total protein). 

Meanwhile, the optimum ND (0.2) gave the composition of Autolysate A and Autolysate B, including 0.106 and 

0.53% salt, 7 and 7 mg/mL N-amino, and 0.5063 and 0.8437% L-Glutamic Acid (as a savory fraction) (total protein). 

At the best ND (0.2), there was a decrease in the L-Glutamic Acid present in the retentate (concentrate) of 

Autolysate A (15%). Compared to the feed, there was an increase of L-Glutamic Acid in the retentate (concentrate) 

of Autolysate B (0.5%). Concentrate-Rhizopus sp.-PL19 (Autolysate A) as feed (Fa), retentate (Ra) and permeate 

(Pa) at the best ND (0.2), and concentrate-Aspergillus sp.-K3 (Autolysate B) as feed (Fb), retentate (Rb), and 

permeate (Pb) at the best ND (0.2) is visualized in Figure 2 [26]. 

            

                   (Fa)                        (Ra)                     (Pa)                         (Fb)                        (Rb)                     (Pb) 
 

Figure 2. Concentrate-Rhizopus sp.-PL19 (Autolysate A) as feed (Fa) in NF/DF mode, retentate (Ra) and permeate (Pa), and 
concentrate-Aspergillus sp.-K3 (Autolysate B) as feed (Fb) in NF/DF mode, retentate (Rb), and permeate (Pb) (Adapted from ref. 
[26]). 

 

2.3.2. Ultrafiltration/Diafiltration (UF/DF) technique of forest honey product 

Non-timber forest products (NTFPs) played a significant role in tropical forests by providing two main products 

apart from timber. Several important NTFPs were categorized as healthcare medicinal plants and raw materials for 

pharmaceutical products. Some of them also served as raw material for other plant-based products, including foods 

(edible forest leaves and fruits, mushrooms, sago, palm sugar, forest tuber), food additives (forest spices and 

herbs), various resins (damar), oils, gaharu (a resin-impregnated fragrant wood), and animal-based materials, such 

as bushmeat from a wild animal, hides, skins and trophies, edible bird nests (saliva from the nests of swiftlets), and 
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forest honey and beeswax. Among these products, forest honey was the major NTFPs for the generation of 

significant income [29]. 

Forest honey was classified as honey naturally produced in the forest by wild bees, particularly Apisdorsata. 

These bees sucked nectar from flowers and stored it in the beehive attached to trees. Forest honey was produced 

in almost every province in Indonesia, where they were often collected and labeled based on their geographical 

origins, such as Tesso Nilo (Riau), Gunung Kerinci National Park (Jambi, Sumatera), Pelawan Tourism Forest, 

Namang in Bangka Tengah and Belitung Island (Bangka Belitung), Ujung Kulon National Park and Panaitan Island 

(Banten), Odeng honey (West Java), Sumbawa Sub District (West Nusa Tenggara), Muntis Mountain Conservation 

(South Central Timor) and Maumere (Flores Timor, East Nusa Tenggara), Sentarum Lake National Park (Kapuas 

Hulu, West Kalimantan), and Tulak Tallu village (North Luwu, South Sulawesi) [30].  

Honey was a naturally sweet substance in the form of a viscous liquid produced by bees (Apis mellifera L., Apis 

dorsata) and collected from plant flower extracts (floral nectar) or other parts of plants (extra or different floral) or 

excretion of plant-sucking insects or the living parts of plants (honeydew). Furthermore, its aroma characteristics 

were based on the floral sources providing nectar and pollen. Several reports had shown that it had favorable 

organoleptic properties with various benefits for human health. Honey had been considered a non-medicinal 

product, but it could have a supportive application in preventing diseases as a consumable food [31]. The color, 

taste, fragrance and flavor, and composition of a particular variety could vary due to several factors, including the 

season, the botanical origin of the flower, the bee and tree species, the nectar provider, geographical factors, and 

region, various ecological and environmental conditions, harvest method, processing techniques, storage condition, 

beekeeping practice, packaging, and storage time. The honey types could be classified into three general groups, 

namely monofloral, poly floral, and honeydew honey (known as wild honey) [32]. The color of liquid honey varied 

from colorless and clear (like water) to dark amber or black, where all the colors were shades of yellow and amber 

[33]. Monofloral [34], poly floral [35], and forest honey [36] are visualized in Figure 3. 

 

     
                                                         (a)                         (b)                            (c) 

 

Figure 3. (a) monofloral or flower honey (Adapted from [34]), (b) polyfloral honey (Adapted from ref. [35]), and (c) forest honey 

(Adapted from ref. [36]). 
 

Honey was mainly composed of carbohydrates in the form of 38.2% fructose, 31.0% glucose, 17.1% water, 7.2% 

maltose, 4.2% trisaccharides, 1.5% sucrose, and 0.5% minerals. Furthermore, it contained different valuable minor 

nutrients, including vitamins, enzymes, antioxidants, flavoring organic compounds, free amino acids, and numerous 

volatile compounds, such as flavonoids, wax, ash, pollen, propolis, and trace elements. The main element found in 

honey was potassium along with others, such as calcium, chlorine, copper, iron, magnesium, phosphorus, sodium, 

and zinc. Maintaining a balance between sugar and water was critical in determining its quality. The aroma of honey 

was one of its most typical features and was often the main selection criteria used by consumers. Dark-colored 

honey had been reported to contain more phenolic acid derivatives but fewer flavonoids compared to light-colored 

variants [37]. 

According to USDA Grading Standards and instead of conventional thermal processing methods, the primary 

aims of UF with suitable membrane types and MWCO were frequently coupled with a diafiltration (UF-DF) mode 

involving the use of a UF membrane of 15,000 Da. Honey was very viscous and must be diluted by adding water 

before the process. The application of UF-DF mode on honey involved the addition of fresh and pure water at a flow 

rate equal to the permeate flow rate generated, filtering it under high operation pressure at the molecular level, and 

removing the water. This mode could be implemented to remove sugar (glucose and fructose) partially from honey 
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solution (in permeate) with simultaneous rejection of proteins and elimination of unwanted extraneous substances, 

such as microorganisms, fine particles, pollen grains, air bubbles, and other materials normally found in suspension 

(in retentate) [38]. UF membrane of 15,000 Da could be used to completely remove the microorganisms present in 

honey, rendering it a microbiologically safe ingredient. The process could successfully remove enzymes (water-

soluble proteins) and yeast cells from the product, leading to improved stability. Furthermore, the process was often 

operated under constant pressure and temperature. UF/DF mode was carried out to produce clear and brilliantly 

transparent honey that remained in the liquid state for a much longer time compared to the unfiltered variant. The 

benefits of the UF membrane process of honey included the absence of cloudiness, sedimentation, granulation, 

uniformity, and translucency in the product, as well as reduced viscosity, sterile, and consistent quality 

characteristics. The results obtained from the applications of UF showed that ultrafiltered honey could be used in 

gel formulations, cosmetics, and pharmaceutical preparations, as a sweetener in tea or coffee, fruit beverages, and 

food [39;40]. 

2.3.3. Ultrafiltration/Diafiltration (UF/DF) technique of fish gelatin 

As one of the land-oriented maritime countries, Indonesia possessed an abundant wealth of marine natural 

products (MNPs). National economic growth and research development were fostered by the abundant utilization of 

various marine-based resources, including fishes, mollusks, crustaceans, micro and macroalgae (seaweeds), and 

mangroves, which frequently served as sources for valuable marine natural products (MNPs). Furthermore, fish was 

considered a main source of protein due to the presence of several essential amino acids in their muscles. Based 

on previous studies, the composition of fish included 64% meat and 36% by-products. The by-products represented 

17% heads, 8% skin, 5% viscera, 4% bones, and 2% fins. The skin and bone generated by the fish-processing 

industry had the potential to be used as a source of functional ingredients, such as gelatin [41]. 

Gelatin was considered a high-value functional protein found in nature and was often produced from the 

controlled partial hydrolysis of the fibrous native collagen (C102H149N31O38) found in animal bones, skin, cartilage, 

tendons, and connective tissues. Furthermore, its physical properties included solid substance, colorless or slightly 

yellow to white, translucent, shiny, tasteless, and odorless. This protein could be in the form of flakes, powders, 

granules, and sheets. Gelatin, a heterogeneous mixture of fibrous, denatured, biodegradable, hot water-soluble, 

and cold water-insoluble protein, had molecular weights in the range of 80,000 to 250,000 Dalton (Da.), with 88% 

protein, 10% moisture, and 1-2% salt. In dry form, it contained approximately 98 – 99% of protein. Gelatin had been 

reported to have the ability to swell, soften and adsorb approximately 5-10 times its water weight to form a gel. 

Based on previous studies, gelatin had a molecular formula of C102H151N31O39 [42;43;44]. 

The production of gelatin from fish processing by-products, particularly skin, and bone, was an interesting topic 

that had gained a lot of attention. The use of skins and bones of fish as a source of this protein could minimize 

waste and provide value-added fishery products due to its properties, qualities, and relatively harmless natural 

characteristics. Furthermore, the valorization strategy of fish by-products through novel product development could 

lead to more sustainable utilization of marine resources, with higher economic benefits [45]. 

In the preparation of gelatin, the addition of dilute acid or base to animal collagen caused cross-cutting of protein 

bonds, where the structure became broken, and the pieces dissolved in water. These pieces of water-soluble 

protein chains were referred to as gelatin. In principle, its production from an acid-treated precursor was known as 

Type A. Meanwhile, the process of making gelatin derived from an alkali-treated process was known as Type B 

gelatin. The difference between these two processes was in the immersion process. Because of its less covalently 

cross-linked collagen, type A gelatin was the most often reported kind made from fish skin material, and 

acidic treatment was thought to be the best approach for this raw material. Type B gelatin was often 

produced through an alkaline-based process. The acid process was economically preferable compared to the 

alkaline process because the immersion in the acidic type was relatively shorter. The production of gelatin from the 

skins and bones of fish using type A was carried out conventionally through three main steps. The first step was the 

preparation of raw materials, followed by the conversion of collagen to gelatin, with subsequent purification, drying, 

and powdering [46;47]. 
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The first step comprised washing or cleaning fish skins and bones with cold water and boiling water for 1-2 

minutes to remove all superfluous material. Subsequently, fat (degreasing) was removed from the skin and bone 

tissue through immersion in water at the optimum temperature (between the melting point of fat and the coagulation 

temperature of bone albumin). The optimum degreasing process involved the use of a temperature of 32-80 ºC to 

produce optimum fat solubility. The second step was conducted by cutting the samples into small sizes, treating 

them with diluted alkali solution, and washing them with an ample amount of water to eliminate any excess alkali 

solution, continuing the rinsing process until the wash water reached a predominantly neutral state. The process 

was continued by ministering the neutralized fish skins and bones with a citric acid solution to weaken, swell the 

collagen structure, and convert the collagen into gelatin. The samples were then washed with cold water until the 

solution was substantially neutral. Subsequently, a hot water extraction process was employed at around 55 °C to 

dissolve partially degraded collagen materials. The extraction was also carried out to control the molecular weight 

distribution of polypeptide chains, the amino acid composition, and the functional properties of the gelatin. A series 

of processes in the second step was used to produce the aqueous solubilized gelatin broths, which were not pure 

because they were within a complex mixture of several components containing significant amounts of moisture, 

salts, low fat, and other proteins. In the third step, extracted gelatin (dilute gelatin broth) was filtered, deionized, and 

concentrated by a cross-flow ultrafiltration (UF) membrane, followed by drying with a moisture content of 

approximately 10% and powdering. One of the main drawbacks limiting the application of fish gelatin for industrial 

use was its dark color. The color depends on the nature of the raw material extracted, irrespective of the process 

used. However, several studies had shown that fish gelatin products did not influence other functional properties 

[48]. 

According to previous studies, optionally, UF membrane separation could successfully concentrate mammalian 

gelatin solutions. This membrane technology presented a promising approach for processing fish gelatin broth. 

Furthermore, it served as the initial concentration step and facilitated the complete desalting of the broth through 

ultrafiltration/diafiltration (UF/DF) mode before proceeding to evaporation and drying. UF membrane systems 

produced higher-quality gelatin, making it easier to meet blending specifications. The performances of productivity, 

protein yield, and desalting capability were similar to those reported with mammalian gelatin liquors [49]. The 

application of the UF/DF mode could facilitate the separation of a broth into a retentate with a high concentration of 

high MW solutes and a permeate by adding solute-free pure, fresh water. The permeate produced from the process 

was nearly 100% free of high MW solutes. During the constant-volume UF/DF mode, an equivalent volume of 

solute-free, pure water was introduced into the fish gelatin broth feed, matching the volume of permeate extracted. 

This ensured that the final volume remained unchanged, aligning with the initial feed volume. Therefore, the UF/DF 

mode primarily functioned as a pre-concentration stage to obtain similar concentrations of low MW components in 

retentate and permeate. The DF stage was often carried out to purify the retentate by adding a DF liquid. The 

process was then followed by a final concentration step, where the concentration of high MW solutes in the 

retentate was maximized and the undesired micro solutes (calcium and salt) were discarded in the permeate. Due 

to the above investigations, UF/DF mode was expected to be an effective way to produce fish gelatins with high 

quality. Fish gelatin solution produced through UF/DF mode was referred to as concentrate, which was 

subsequently chilled and dried to a moisture content of approximately 10%. After drying, the sample was ground to 

get the required particle size and then blended to obtain the powdered form, which was subjected to quality control 

[50]. The dominant amino acids found included glycine (20.9%), proline (12.6%), glutamic acid (11.6%), 

hydroxyproline (10.5%), and arginine (8.9%) [51]. Various gelatin granular sizes are visualized in Figure 4 [52]. 

 
 

Figure 4. Various gelatin granular sizes (Adapted from ref. [52]). 
 

Gelatin was considered a polypeptide (biopolymer) applied widely in food and non-food products, such as 

pharmaceuticals, vitamin capsules, cosmetics, photographic films, paper and paint products, and diverse technical 
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uses. As a water-soluble polymer, it was often used as clarifying agent (beer, wine, vinegar), gel former 

(confectionery, gelled desserts), stabilizer (chocolate milk, yogurt), protective colloid (ice creams), a binding agent 

(meat rolls, cheeses, dairy products), film former (coating for fruits, meats), thickener (sauces, puddings, jellies, 

syrups), emulsifier (cream soups, sauces, meat pastes) in the food industry [53;54]. Several reports had shown that 

it was an important fibrous protein possessing numerous applications due to its unique functional properties. In the 

medical and pharmaceutical industry, it was used for the encapsulation of different drug products, tableting, and 

sugar-coated pills. Gelatin was employed in the healthy and cosmetic field for maintaining joint and bone health, 

preventing osteoporosis, promoting hair growth, improving nail strength and growth, and enhancing moisturizer in 

skincare, lotions, and face-masks, toothpaste, body lotions, shampoos, sunscreens. Furthermore, it had 

photographic (roll film material, X-ray picture), and technical (match industry, adhesives, paper manufacturing) 

applications [55]. The use of gelatin in the manufacture of various applications, such as (a) clarification of 

beverages and juices, (b) confectionary, (c) desserts), (d) tablet coating, (e) soft elastic gelatin capsules, (f) typical 

hard capsule gelatin, (g) gelatin for photographic use, (h) matches are shown in Figure 5 [56]. 

               

             (a)        (b)                       (c)                      (d)              (e)                (f)                (g)              (h) 

      
Figure 5. The use of fish gelatin in the various applications : (a) clarification of beverages and juices, (b) confectionary, (c) 

desserts, (d) tablet coating, (e) soft elastic gelatin capsules, (f) typical hard capsule gelatin, (g) gelatin for photographic use, (h) 
matches (Adapted from ref. [56]). 

3. ADVANTAGES AND DISADVANTAGES 

Pressure-driven membrane processes, such as ultrafiltration (UF) and nanofiltration (NF), were consolidated 

systems to separate, fractionate, purify, and/or concentrate target compounds in food-oriented agro-industrial 

products. The basic properties of membrane separation systems showed several advantages, including easy and 

simple operations, scalability, enhanced product quality, reduced processing time, decreased waste disposal, and 

low operation cost (economic feasibility) [57;58]. Furthermore, membrane separation processes could be used as 

alternatives to traditional techniques or as a novel technology to process food-oriented agro-industrial products. The 

low energy requirement (environmental friendliness) was related to the absence of a phase involving the 

transformations of solution (nutritional value close to or better than that of a fresh product in native form) during the 

membrane process with mild operating conditions (low temperature and pressure) to minimize thermal damage and 

product degradation on thermo-sensitive products. Membrane separations were effective technology, specifically for 

permeated water from certain processes, which could be reused in production activities sustainably [59;60].  

The major problems affecting membrane separation processes were the fouling of the membrane and 

concentration polarization (CP). Based on the terminology introduced by IUPAC, fouling was a process leading to 

loss of performance due to reversible or irreversible accumulation of suspended or dissolved particles, colloidal 

ions, or solute molecules on the external surface, and/or within pores of the wall. The accumulation caused a 

reduction in the pore size or a blockage, thereby increasing the transmembrane pressure (TMP) required to operate 

the process. The stabilized or final flux was more important for long-term operations compared to the initial flux. The 

term CP described the build-up of a boundary layer of highly concentrated solutes nearest to the membrane 

surface. CP caused an increase in resistance to solvent transport, leading to a change in membrane performance in 

terms of permeate flux (productivity) and purity (selectivity). This could create a need to increase the TMP required 

to operate the process, leading to increased processing time and reduced membrane life. Several studies had 

reported that CP served as a precursor of membrane fouling, creating severe problems in the long process time 

range [61;62;63]. This problem could be minimized or prevented by carefully selecting membrane properties (pore 

size, hydrophilicity) and filtration conditions (TMP, Flow rate). Membrane processes were also limited by higher 
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solids content in fluid, the osmotic pressure of the retained component, and high viscosity, which caused difficulty in 

pumping the retentate [64;65]. 

CONCLUSIONS 

In conclusion, the recovery of high added-value components from various food-oriented agro-industrial products 

in agriculture, forest, and fishery (AFF) sectors using Ultra- and Nanofiltration/Diafiltration Modes was presented in 

this review. The membrane separation technology used in the unit process and unit operation in chemical 

engineering could be classified as an athermal technology. Furthermore, it was particularly suitable for extracting 

valuable and desired components from sustainable food-oriented agro-industrial products. This technology offered 

high separation capacity and selectivity while consuming low energy, aligning with an environmentally friendly 

concept. The implementation allowed for optimum recovery of the target product and minimizing waste, adhering to 

the concept of Zero Liquid Discharge (ZLD). The ZLD concept provided an opportunity to implement membrane 

process technologies for food-oriented agro-industrial products. During this DF mode, the new solution phase (new 

buffer) continuously replaced the old buffer in the retentate, maintained product concentration and volume of the 

ultrafiltered or nano-filtered feed solution, removed impurities, influenced the concentration of solutes, controlled the 

separation process, concentrated the ultrafiltered or nano filtered feed or retentate due to removal of permeate. Due 

to the high costs, there was a strong motivation to apply more energy-saving processes in membrane technologies. 

These separation processes were considered green technology due to the non-use of chemicals and additives, 

thereby improving the environment and human health. Future developments on separation, fractionation, 

concentration, and purification processes implementing ultra- and nanofiltration/diafiltration modes were directed 

toward a wide range of applications to get desired compounds from various nutraceutical-oriented products to 

achieve more benefits. Several strategies had also been developed to mitigate the rate and extent of fouling. The 

application of a prefiltration technique was sometimes helpful in removing large particulate matter. The 

popularization and implementation of new technologies in a broad range of applications depended more on the 

basic study of new materials and the transition from laboratory and pilot scale studies to semi-industrial scales. 
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