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Editorial: 

We cordially invite you to attend the World Congress on Food Chemistry & Food Microbiology (WC-

FF-18), which will be held in Le Méridien, Thimphu, Bhutan on October 13th, 2018.  The main 

objective of WC-FF -18 is to provide a platform for researchers, engineers, academicians as well as 

industrial professionals from all over the world to present their research results and development 

activities in Food Chemistry & Food Microbiology. This conference provides opportunities for the 

delegates to exchange new ideas and experience face to face, to establish business or research 

relations and to find global partners for future collaboration.  

These proceedings collect the up-to-date, comprehensive and worldwide state-of-art knowledge on 

Food Chemistry & Food Microbiology. All accepted papers were subjected to strict peer-reviewing by 

2-4 expert referees. The papers have been selected for these proceedings because of their quality and 

the relevance to the conference. We hope these proceedings will not only provide the readers a broad 

overview of the latest research results on Food Chemistry & Food Microbiology but also provide the 

readers a valuable summary and reference in these fields.  

The conference is supported by many universities and research institutes. Many professors played an 

important role in the successful holding of the conference, so we would like to take this opportunity 

to express our sincere gratitude and highest respects to them. They have worked very hard in 

reviewing papers and making valuable suggestions for the authors to improve their work. We also 

would like to express our gratitude to the external reviewers, for providing extra help in the review 

process, and to the authors for contributing their research result to the conference. 

Since August 2018, the Organizing Committees have received more than 60 manuscript papers, and 

the papers cover all the aspects in Food Chemistry & Food Microbiology. Finally, after review, about 

13 papers were included to the proceedings of WC-FF - 18. 

We would like to extend our appreciation to all participants in the conference for their great 

contribution to the success of International Conference 2018. We would like to thank the keynote 

and individual speakers and all participating authors for their hard work and time. We also sincerely 

appreciate the work by the technical program committee and all reviewers, whose contributions 

make this conference possible. We would like to extend our thanks to all the referees for their 

constructive comments on all papers; especially, we would like to thank to organizing committee for 

their hard work.  
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Technology development for producing calcium-

containing foods 
 

[1] D.R. Tavdidisvili, 
[2] M.D. Pkhakadze, 

[3] T.A. Lomsianidze  

Kutaisi Akaki Tsereteli State University, 59, Tamar Mepe Str., Kutaisi, 4600, Georgia 

 
Abstract— The paper dwells on problems related to the osteoporosis, the promissing directions of its prevention and the issues of 

improving the calcium absorption capacity. There has been justified the feasibility of combined using the flax, sesame and curd in 

the production of functional foods. Their optimal ratios in the formula compositions have been determined, and the formulas and 

technologies for producing the novel flour confectionery products have been developed. The paper also describes their organoleptic 

indicators and chemical compositions. The ratios of calcium and magnesium, as well as of calcium and phosphorus in the finished 

product are approximated to the optimal value. It has been established that the content of calcium after baking and during the 

storage of the finished product, changes insignifi-cantly. Also, there have been studied the microbiological parameters of the 

finished product, and the biological, nutritional and energy values of the novel flour confectionery products, as well as the human 

daily demand satisfaction levels for calcium and other nutritive substances have been calculated 

 

Key words: Osteoporosis Prevention Flax meal Sesame Cottage cheese. 

`

  

I. INTRODUCTION 

 

Nutrition is recognized as one of the main factors affecting 

hu-man health, which is satisfying body's needs for nutritive 

sub-stances and energy, and simultaneously, based on today's 

realities, it must be for medical and preventive purposes. This 

can be ach-ieved through production of functional foods. 

They contain the physiological action ingredients, which 

have the beneficial effects on metabolic processes in the 

human body, and besides, they favor the correction of certain 

diseases [1e4]. Over the last decade, the osteoporosis has 

been recognized as a challenging medical and social problem 

[5e7]. According to the World Health Organization, the 

mentioned pathology holds the fourth place after 

cardiovascular, oncology diseases and diabetes. According to 

data of this organization, the number of the osteoporosis-

related injuries is expected to increase about 6 times by 2050, 

which amounted to the epidemic. Years-long experience of 

studying the osteoporosis has shown that none of the 

therapeutic preparations in existence today, can completely 

cure this disease, regenerate bone mass and its quality. Thus, 

the timely prevention of the osteoporosis is of current 

interest. It is established that preventive maintenance of the 

osteoporosis development should start before complete bone 

shaping, but the treatment should start, when the losses of 

bone mass are detected. The timely eradication of the 

osteoporosis requires the adequate intake of calcium and 

vitamin D, physical activity and minimizing the risk-factors. 

In the view of the international working group of the experts 

in the osteoporosis issues and other scientists, a very 

promising way for the osteoporosis prevention consists in 

using the biologically active additives and foods fortified 

with calcium and vitamin D [8e11]. Calcium is not among 

scarce mineral substances. It is contained in large amounts in 

different products. The problem is a low di-gestibility of 

calcium (25e30%). Thus, its deficiency is more com-mon in 

comparison with other mineral substances. The traditional 

source of calcium is represented by milk, cheese and other 

milk products; of plant products, the largest amount of 

calcium is contained in jinjili (sesame), poppy (10e12 times 

more than milk), walnut family, pumpkin and sunflower seeds, 

but it is necessary to take into consideration that the excess 

amount of phytic and oxalic acids contained in these products 

prevents the absorption of calcium, and besides, even leaches 

the bones' cal-cium. Thus, we should consume moderately 

spinach, sorrel, beet, legumes, oats, porridge and other plant 

products. The calcium deficiency in the organism cannot be 

treated by pills. They can only improve the calcium 

absorption. In addition, excessive intake of calcium in form of 

pills, is undesirable for the organism: first, kidney function id 

deteriorated, and secondly, there are evidences that “excess” 

calcium can be deposited on the walls of blood vessels (thus 

hindering blood circulation) by creating microcalcifications in 

the tissue. In order to enable the organism to “intake” calcium, 

it must be provided with the proper “environment”. There are 

some products, in which calcium is accompanied by the 

elements required for digestion. These elements are: milk and 

milk products, all kinds of nuts, dried fruits and fish. Bone 

strength and the absorption of vitamin D are also stimulated 

by proteins and fat-containing vegetable seeds and oils 

[12e14]. The calcium absorption is prevented by the low 

contents of proteins in the food ration, phosphates, sodium, 

alcohol, tobacco, coffee, as well as by the excessive 

consumption of fats and sugar. 
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Scientists have proven that foods based on the 

combination of the milk, cheese or lactic products and plant 

raw materials, favor the correction of metabolic disorders of 

bone [15e21]. The goal of the research was to develop 

technology for producing such flour confectionery products 

intended for the prevention of the osteoporosis, which are 

characterized by high calcium ab-sorption ability and the 

sufficient nutritional and biological values. 

 

II. OBJECTIVES AND METHODS 

 

Research subjects: the samples of flour confectionery 

products we developed, as well as basic raw materials used 

for their pro-duction, such as flax meal, flaxseed powder and 

sesameseed powder. When performing this work, we used the 

standard organoleptic, physicochemical and microbiological 

methods for studying raw materials, semi-finished and 

finished products [22,23]. The mass content of proteins was 

determined by using the Kjeldahl method, the mass content 

of fats e by using the Soxhlet method, the mass content of 

carbohydrates - by using the capillary electrophoresis; the 

contents of calcium, sodium and potassium were determined 

by using the capillary electrophoresis system, and the 

phosphorus content e by using the spectrophotometric 

method. The obtained experimental results have been 

processed by using the IBM SPSS Statistics computer 

program of the mathematical statistics method. 

 

III. RESULTS AND ANALYSIS 

 

When designing formulas and technology, we were 

directly following the principles of the theory of healthy diet. 

To ensure maximum efficiency of product, along with the 

selection of the bio-corrective action foods, we took into 

consideration their inter-compatibility and the positive 

health-promoting properties of in-dividual ingredients. The 

basic ingredients of the basic formula are: skim milk cheese, 

wheat flour, flaxseed powder, sesameseed powder, olive oil, 

egg, and leavening. Based on this formula, we cooked 2 types 

of foods: I version e sugar cookies, which contain 

additionally raisin, honey, sugar powder, flavoring agents 

(vanillin, twist of lemon peel) with additives; II version e 

biscuits, which are made by adding spices and dried greens. 

Such set of ingredients is conditioned by a range of their 

phys-iological effects on the organism and organoleptic 

properties. In particular, the curd contains highly-digestible 

proteins and essential amino acids, and it is distinguished by 

a large amount of calcium, and contains sodium, magnesium, 

iron and other mineral substances, as well as A, E, P and B 

vitamins. The low-fat curd is indispensable in therapeutic 

feeding and dietary nutrition. The flax and sesame seeds 

contain the significant amounts of calcium, magnesium, 

phosphorus, as well as vitamins, vegetable proteins and 

polyunsaturated fatty acids, which serve to enhance bio-

permeability of calcium. The presence of dietary fibers in 

them facilitates gastrointestinal digestion, improves intestinal 

peristalsis and ensures timely detoxification of the organism. 

Flax meal is made of flaxseeds after extracting the oil, and 

consequently, its chemical composition and useful properties 

are the same as for the seeds, just the amount of fat is 

minimized. Raisin contains sugars, dietary fibers, organic 

acids, A and E vi-tamins, vitamin B complex, beta-carotene, 

as well as the significant amounts of potassium and 

magnesium. It has a wide range of physiological effects, is 

considered to be an antioxidant, and pro-motes the prevention 

of cardiovascular and other diseases. Honey contains mineral 

substances, vitamin B complex and C vitamin, and is known 

with its health-improving, bactericidal and medicinal 

properties. Olive oil is easily digested by the organism. Oleic 

acid, vitamins and antioxidants contained therein, accelerate 

metabolic process and promote the prevention of many 

diseases. Spices and dried greens contain the biologically 

active sub-stances and essential oils, which improve immunity 

and promote the prevention of diseases. When designing the 

technologies of product, for controlling the functional 

direction and identification, there were determined the critical 

control points: preparation and dosage of functional raw 

materials, an even distribution of the formula components, and 

temperature mode. The technological scheme for producing 

flour confectionery products envisages rubbing the curd, 

making flaxseed and sesame-seed powders, raisin sorting and 

steeping awhile. Then the curd is added by egg, wheat flour, 

flax meal, the slightly roasted sesame-seed and flaxseed 

powders, leavening and/or sugar powder, hon-ey, vanillin, 

twist of lemon peel (sugar cookies) or greens and spices 

(biscuit). The components are mixed well, shaped properly, 

moved to the greased paper covered cooking sheet, and then 

baked in a baking chamber at the temperature of 160e170 C 

for 20e25 min. To determine the optimal dosage of the 

formula ingredients, there were composed several versions of 

formulas, from which, as a result of the analysis of 

organoleptic profile, we selected the reference samples. Their 

organoleptic characteristics are given in Table 1. At the next 

stage, we determined the chemical composition of the finished 

product (Table 2). The table illustrates that the developed 

product contains a sig-nificant amount of proteins and is 

distinguished by high content of mineral substances. At the 

same time, the amount of magnesium, whose surplus reduces 

the calcium absorption, is too small. Since the fact that both 

flour confectionery products are made by using the same 

formula ingredients, their chemical composi-tions are not 

significantly different, but the only difference is in the content 

of carbohydrates, whose amount is larger than in sugar 

cookies. 

 

It is important to note the physiological effects on biscuit 

that undoubtedly have the greens and spices contained in it. 

According to literary sources, the better calcium absorption re-
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quires the existence of a certain ratio of calcium, magnesium 

and phosphorus. The ratio of the mentioned substances in the 

developed product is approximated to the recommended 

value (Table 3). With its microbiological parameters, the 

finished product complies with sanitary-hygienic 

requirements. No coliform bacte-ria, including salmonelia (in 

25 g of product) have been detected during the storage 

process that points to their sanitary safety. An important 

parameter of any product is its ability to preserve the 

biologically active substances in technological process and 

Table 1  Description of organoleptic indicators of 

product. 

 
Table 2 Quality indicators of flour confectionery 

 
Table 3 Calcium, magnesium and phosphorus ratio. 

 
during the whole period of storage. Study of the content of 

calcium in the finished product has shown that its losses from 

baking and storing are insignificant. In comparison with the 

initial amount, the level of preservation of calcium is 96e98% 

that points to high stability of calcium in the developed 

product. There have been established the storage conditions 

and shelf life of sugar cookies and biscuit: they are stored at 

the temperature up to 19 C and under conditions of relative 

air humidity of 70e75%. Storage duration is 15 days. We 

determined the biological, nutritional and energy values of 

the novel flour confectionery product, as well as the daily 

demand satisfaction level for nutritive substances (Table 4). 

In the calcula-tions, we used data that we obtained on 

chemical composition of product, but data on other 

substances were taken from the tables on chemical 

composition and nutritional value of foods [24]. The analysis 

of Table 4 shows that consumption of 100 g of sugar cookies 

provides 220 mg of calcium, but 100 g of biscuit e 238 mg of 

calcium that satisfies the human daily demand for calcium at 

22,0% and 23,8%, accordingly. The demand satisfaction levels 

for other mineral substances, vitamins and dietary fibers are 

high as well. The developed flour confectionery products are 

distinguished by its biological value. They contain proteins 

and all key amino acids. The daily demand satisfaction level 

for key amino acids is illustrated in Fig. 1. 

 

VI. CONCLUSION 

 

1. There has been justified theoretically and experimentally 

the feasibility of using the food products produced on the basis 

of combining plant and animal raw materials in the 

osteoporosis prevention. 

 

Table 4 Nutritional value of flour confectionery product 

and the daily demand satisfaction level 

 

 
Fig. 1. The daily demand satisfaction level for key amino 

acids. 1 - tryptophan; 2 e leucine; 3 - isoleucine; 4 -valine; 5 

- threonine; 6 -llysine; 7 - methionine; 8 – phenylalanine 

2. Based on scientific principles, there have been 

developed for-mulas and technologies for the flour 

confectionery products. The selection of basic ingredients has 

been justified through a range of their physiological effects 

and organoleptic properties. 
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3. There have determined the contents of calcium, 

magnesium, potassium and phosphorus. The ratio of calcium 

and magne-sium, as well as potassium and phosphorus is 

approximated to the recommended value for better calcium 

absorption. 

 

4. There have been studied the chemical 

composition, organo-leptic and microbiological parameters of 

product, and condi-tions for their storage and service life 

have been established. 

5. The developed flour confectionery product by 

the content of calcium, can be considered to be the 

functional-purpose, effi-cient and safe product intended for 

the osteoporosis prevention. Consumption of 100 g of sugar 

cookies provides 220 mg of calcium, but 100 g of biscuit e 

238 mg of calcium that satisfies the human daily demand for 

calcium at 22,0% and 23,8%, accordingly. At the same time, 

it should be noted that when consuming the developed novel 

product, the human food ration must be added with D 

vitamin, which ensures calcium absorption. 

 

 

6. There have been determined high biological and 

nutritional values of a novel flour confectionery product, and 

the daily demand satisfaction levels for nutritive substances. 

The ob-tained results point to the feasibility of using them in 

healthful and dietary meals. 
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Seasonal Variation in Nutritional Quality of Catfish 

(Clarias gariepinus) from Upper Jebba Basin, 
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[3] 
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[4] 
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[1][4] 

Federal College of Wildlife Management, New Bussa, Nigeria 
[2] 

Department of Zoology, University of Ilorin, Ilorin, Nigeria 
[3] 

Department of Biological Sciences, Federal University of Lokoja, Nigeria 

 
Abstract— Fish protein is regarded as quality protein being rich in essential amino acids with a high digestibility value. The 

biochemical composition of the fish differs with the change in habitat as well as season. Samples of freshwater catfish (Clarias 

gariepinus) from Upper Jebba Basin, Nigeria were analyzed during the dry and wet seasons to study the variation in proximate 

composition of nutrients and mineral content using standard procedures in dry weight basis. The results revealed the presence of 

the moisture content with an average mean of 4.26 ± 1.04% in dry season while wet season recorded 5.63 ± 1.27%. The ash content 

in dry and wet season is 6.10 ± 0.85% and 4.66 ± 0.46% respectively while the crude fibre were generally low with significantly 

variation (P<0.05) between 0.84 ± 0.12% in dry months and 0.57 ± 0.25% in wet months. The average mean values of crude protein 

were slightly higher at 64.47 ± 0.58% in wet months than 63.10 ± 2.10% in dry months. Variation in crude fat content for both 

season were within a narrow range with an average mean of 4.03 ± 0.16% and 4.09 ± 0.03% for dry and wet season respectively. 

Average Nitrogen Free Extract (Carbohydrate) of 20.76 ± 1.43% in dry season was comparatively higher than 19.86 ± 1.55% in 

wet months. The mineral composition of the fish in both seasons varied significantly (P<0.05) in Ca, K, Cu and Zn% mean 

concentration. 

 

Keywords: Composition; Nutrient; Seasonal; Variation 

  

INTRODUCTION 

 

The main components of fish are; water, protein, lipid and 

carbohydrate [1], while sodium, potassium, calcium, 

magnesium, phosphorus, sulphur, iron, chlorine, silicon, 

manganese, zinc, copper, arsenic and iodine are the 

common minerals found in fish [2]. 

These nutrient composition of a particular species often 

appears   to vary from one fishing ground to another [3] 

and from season to season [3-5], but the basic causes of 

change in composition are usually variation in amount and 

quality of food that the fish eats, mobilization of essential 

elements within its system and for reproduction activities 

[5] and the amount of movement it makes. Abundance of 

food supply can markedly change the composition of a 

species. Therefore, if natural primary productivity is 

decreased, as would happen in the wet season months, 

some nutrient reserves might decrease. Furthermore, if a 

fish is an herbivore, it might lose more reserves than a 

carnivore or vice versa [5]. Moreover, fishes when 

overcrowded, insufficiency of food causes low intake and 

changes in composition accordingly [3]. Hence, fish of 

various species do not provide the same nutrient profile to   

their consumers [6,7]. The chemical composition of fish 

varies greatly from one species and one individual to 

another depending on age, sex, environment, season and 

geographical location [8-10]. 

The African catfish, Clarias gariepinus is an ecologically 

important and commercially valued fish for the Nigerian 

fishing industry [11]. These mud fish are frequently and 

widely cultured in ponds and they also occur freely in 

Nigeria natural fresh water [12]. 

Generally, the nutrient profile of catfish shows that it is 

highly nutritious–high in protein, low in fat and 

cholesterol, and a good source of certain vitamins and 

minerals [13]. It is also known for its high tolerance to 

adverse environmental conditions, relatively rapid growth 

and good market value. 

Desire to obtain a nutritionally balanced level of protein 

intake is the major cause of the high catfish demand in 

Nigeria. Information concerning the chemical composition 

of freshwater fishes in general   is of great significance to 

nutritionists concerned with readily available fish sources 

of low fat and high protein food [14-16]. It is of utmost 

importance for the ecologists and environmentalists to 

determine the effects of changing biological and 

environmental conditions on the composition, survival and 

population changes within fish species. However, there is 

less information in the literature as regards to the nutrient 

composition of fish from the tropical lake. 

The knowledge of fish composition is essential for its 

maximum utilization [17]. Although fish is purchased on a 
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weight basis, the edible portion is generally only the fillet 

which usually contain nutrient required from such 

product. Accordingly, edible portion yield (usually fillet) 

of fish is important when comparing price of fish 

purchased on the market. This work compares the 

nutritive value of C. gariepinus in dry and wet season. The 

species was chosen because of its abundance, ease of 

recognition by fishermen, availability year-round, and 

public acceptance as food item. 

 

MATERIALS AND METHODS 

 

Study area 

Jebba Upper Basin was dammed to create Jebba Lake in 

August 1983 as part of a hydroelectric scheme. The basin 

extends from the dam site at Jebba to southern tip of the 

Kainji dam at Kainji. The lake is therefore unique as the 

first and the only man-made lake in Nigeria that has a 

direct flow from another man-made lake located upstream 

to it. It is located in the northern hemisphere between 

latitudes 4° 34’12’’-4° 43’48’’E and falls within the 

Guinea savanna comprising of various species of shrubs 

and high forest plants along the streams and depressions 

in the area. The climate of the study area usually 

alternates between dry and rainy season. The area lies 

within the middle belt of Nigeria with a total annual 

rainfall between 1270 mm and 1524 mm, spread over the 

month of April to October [18]. The highest amount of 

rainfall is observed in the month of August. Monthly 

temperature  is highest in March at about 30°C and lowest 

in August at about 25°C [19]. It has a maximum length of 

134 km, maximum width of 24.1 km, mean and maximum 

depth of 11 m and 60 m respectively, surface area of 1270 

km2, a volume of 13 × 109 m3, and catchment’s area of 

1.6 × 106 km2 [20]. Its tributaries include the Awun, Eku, 

Moshi and Oli rivers. It falls within the savanna zone, but 

specifically Guinea savanna [21]. 

Though the primary purpose of constructing the dams 

is the generation of hydroelectric power, the creation of 

these lakes offered opportunities for a variety of 

development projects such as fisheries, irrigated 

agriculture and improved navigation from the coast up to 

the Republic of Niger [22]. 

The predicted fish catch potential using  primary  

productivity  and morphoedaphic factors of Kainji Lake 

Lower Basin (Upper Jebba Basin) was estimated at 909–

1818 tons/annum (fresh weight) [21]. 

 

 

Source of samples 

Fresh three sub-adult specimens of Clarias gariepinus 

379.33 ± 25.56 g and 33.07 ± 1.50 cm in body weight and 

length, respectively were procured monthly for six months 

representing three month of both dry (February to April) 

and wet season (May to July) making    at least nine fish 

samples per species per season from commercial fishermen 

using gill nets, cast nets, long lining, and gura traps at 

Awuru landing site of Upper Jebba Basin, Borgu Local 

Government Area, Niger state. This fish species size 

(weight and length) were measured using sensitive scale 

and meter rule before being put in sterile polythene bags 

and taken in ice pack to the laboratory. Fish samples were 

further identify taxonomically using standard reference 

sources. The sample was transferred into sterile sample 

container, labeled before taken to laboratory for chemical 

composition analysis [23,24]. 

 

Sample preparation 

Prior to analysis, fish scales were detached and washed 

with running water before edible muscles (fish meat) 

samples portion were carefully filleted, which was taken 

for further processing. Edible muscles were oven dried at 

110°C, powdered with pestle and mortar and stored until 

chemical analysis. Prior to digestion samples were 

separately dried in a laboratory oven at 65°C for three days 

to obtain a constant dry weight of 0.5 g from each sample. 

The dried samples were each ground to powder, using 

laboratory ceramic mortar and pestle, and sieved with  2 

mm sieve readiness for nutrient analysis according to the 

method   of A.O.A.C. [23] at the chemical laboratory of 

National Institute for Freshwater Fisheries Resources 

(NIFFR), Nigeria. 

 

RESULTS 

 

Proximate composition of Catfish (Clarias gariepinus) in 

dry and wet season The proximate composition of dry 

sample of Clarias gariepinus in dry and wet season was 

presented in Table 1. The moisture content with an average 

mean of 4.26 ± 1.04% while wet season recorded 5.63 ± 

1.27%. The mean ash content in dry and wet season is 6.10 

± 0.85% and 4.66 ± 0.46% respectively while the crude 

fibre were generally low at 0.84 ± 0.12% in dry months 

and 0.57 ± 0.25% wet months. 

The mean values of crude protein were slightly higher 

(64.47 ± 0.58%) wet months than 63.10 ± 2.10% in dry 

months. Significant variation (P<0.05) in crude fat content 

were between an average mean of 4.03 ± 0.16% and 4.09 ± 

0.03% for dry and wet season respectively. 

Average Nitrogen Free Extract (Carbohydrate) of 20.76 ± 

1.43% in dry season was comparatively higher than 19.86 

± 1.55% in wet months. 

 

Mineral concentration of catfish (Clarias gariepinus) in 

dry and wet season 

The result of the mineral analysis of the C. gariepinus for 

both  dry and wet season was presented in Table 2. The 

result revealed the presence of both macro elements and 

micro elements in both season though minute quantity of 

these elements are presence except for significant seasonal 
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variation (P<0.05) in Calcium and Potassium which are of 

average mean of 1.05 ± 0.19 and 5.31 ± 0.53 mg/g in dry 

season and 2.09 ± 0.93 and 4.65 ± 2.54 mg/g in wet 

season respectively. Another notable observation is the 

significant variation in Copper (Cu) and Zinc (Zn) 

recorded for both dry and wet season. Overall, the 

essential mineral composition of the fish in both season 

are of valuable quantity (Figure 1). 

 
 

Nutrient 

composition (%) 
Dry season Wet season 

Moisture 4.26 ± 1.04 5.63 ± 1.27 

Ash 6.10 ± 0.85 4.66 ± 0.46 

Crude fibre 0.84 ± 0.12 0.57 ± 0.25 

Crude protein 63.10 ± 2.10 64.47 ±0.58 

Crude fat 4.03 ± 016 4.09 ± 0.03 

Carbohydrate 

(NFE) 

20.76 ± 1.55 19.86 ±1.55 

Values are mean ± standard error. Means in a row without 

superscript are not significant different (P<0.05) 

Table 1: Proximate composition of Catfish (Clarias 

gariepinus) in dry and wet season. 
 

Mineral composition 

(mg/g) 

Dry season Wet season 

Phosphorus (P) 0.08 ± 0.05 0.05 ± 0.02 

Calcium (Ca) 1.05 ± 0.19 2.09 ± 0.93 

Magnesium (Mg) 0.11 ± 0.05 0.09 ± 0.07 

Potassium (K) 5.31 ± 0.53a 4.65 ± 2.54b 

Sodium (Na) 0.68 ± 0.01 0.68 ± 0.06 

Manganese (Mn) 

(100mg/g) 

0.23 ± 0.05 0.20 ± 0.10 

Iron (Fe) (100mg/g) 12.33 ± 1.25 13.00 ± 1.63 

Copper (Cu) 

(100mg/g) 

0.76 ± 0.73a 2.60 ± 0.00b 

Zinc (Zn) (100mg/g) 0.73 ± 0.37a 0.31 ± 0.05b 

Values are mean ± standard error. Means in a row without 

superscript are not significant different (P<0.05) 

Table 2: Mineral concentration of Catfish (Clarias 

gariepinus) in dry and wet season. 

 

 

 
 

Figure 1: Map of the study areas on Jebba Basin. 

 

supply can markedly change the composition of a species. 

Moreover, fishes when overcrowded, insufficiency of food 

causes low intake  and changes in fish quality accordingly 

[5,26]. The high ash content in dry season comparatively 

with wet season is responsible for more mineral 

concentration in the fish during the dry season. The 

findings of the present study with increase in nutrient 

composition (protein) in wet season than that of the dry 

conditions are in conformity with the suggestions put 

forwarded by the previous workers [3,5,26,27]. 

 

CONCLUSION 

 

The present work has elucidated the importance of local 

freshwater commercial fish as good sources balance diet, 

having provides not only palatable meat, but the abundance 

nutrients and minerals.  Catfish contain all requisites 

amount of essential nutrients with a high biological value 

for the human use. Though the consumers do eat fish- flesh 

because of its availability and palatability, but the present 

work has suggested richness of these nutritional 

components seasonally. However, the presence of essential 

nutrients in both seasons is an indication that fish remain a 

valuable food irrespective of the season. 
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Socio-Economic Determinants of Sweet Melon 

Production in Balanga Local Government Area of 

Gombe State, Nigeria 
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Abstract— The potentials of the horticulture sub-sector in solving the prevailing food crisis in Nigeria remain largely untapped 

because of inefficient use of production resources. The study examined socio-economic determinant of sweet melon production in 

Balanga local government area of Gombe state. A two stage sampling procedure was used in drawing a sample size of sixty sweet 

melon farmers from three communities. Data collected were analyzed using both descriptive and multiple regression models. The 

result revealed that the majority of the farmers were male, married, and literate, with small holding. A coefficient of multiple 

determinants, R2 of 0.765 indicated a high relevance of the input in explaining the observed variation in melon production. The 

regression co-efficient of experiences, farm size and house hold size were significant at 5% level of probability, therefore, making 

the three factors important determinant of output from sweet melon production. Based on findings from the study, it is 

recommended that government should provide credit facilities with less bureaucracy and low interest rate to producers; this will 

enable farmers to increase their farm size and in turn increase output 

 

Keywords: Socio-economic; Determinant; Sweet melon; Production; Balanga 

 

 
I. INTRODUCTION 

 
 Sweet Melon (Cucumis melon L.) is a warm, long 

season horticultural crop that is adapted to all climatic 

zones. Annual world production of melon has increased 

from 9 million (700,000 ha) in 1992 to 22 million (1.2 

million ha) in 2002. Major producing countries are China 

with 400,000 ha, West Asia (Turkey, Iran, Iraq) 200,000 ha, 

the America (United State, Mexico, Central and South 

American countries) 165,000 ha, Northern African (Egypt, 

Morocco, Tunisia 110,000 ha. Southern Asia (India, 

Pakistan, Bangladesh 100, 000 ha). European Union (Spain, 

Italy, France Greece, Portugal) 95,000 ha, Romania 50,000 

ha Japan 13,000 ha and Korean republic 11,000 ha FAO [1]. 

Each country has its own specific melon cultivars of the 

crop which are sold in local markets. In Africa, it is an 

economic crop for urban markets, grown in drier region and 

non-high lands. Statistics on production and marketing in 

Africa are not available for most countries except Cameroon 

(3500 ha) and Sudan (1200 ha), Senegal and surrounding 

countries are exporting the melon during the winter to 

Europe FAO [1]. Mature fruits of sweet melon cultivars are 

usually consumed fresh for the sweet and juicy pulp. The 

pulp is also mixed with water and sugar or sometimes with 

milk, and served as a refreshing drink or made into ice 

cream. Immature fruits of non-sweet types, including snake 

melon are used as a fresh cooked or pickled vegetable. They 

can also be stuffed with meat, rice and spice, and fried in 

oil. Sweet melon is often confused with cucumber and often 

used as such. The seeds are eaten after roasting they contain 

edible oil. The Hausa people in Nigeria grind the kernels to 

a paste and make it into fermented cakes. The young leaves 

are occasionally consumed as a pot herb and in soups. The 

leafy stem and also the fruit provide good forage for all 

livestock. In reunion and Mauritius a decoction of seeds and 

roots is used as a diuretic and vermifuge [2]. Sugar content 

and aroma are important factors determining the quality of 

sweet melon. Esters derived from amino acids are important 

components of the characteristics flavour, sulphur 

containing compound also play a role. Several C-9 alcohol 

and aldehydes, including Z-non 6-Enal, are characteristics 

of the melon aroma. To get the best aroma fruits should be 

harvested only 2-3 days before they are fully ripe. The 

edible seed kernel contains approximately 46% of yellow oil 

and 36% protein [3]. Given the increasing popularity and 

importance of sweet melon as a desert to many households 

in Nigeria, it is imperative to understand the problems 

facing the producers of sweet melon. Olukosi and Isitor[4] 

identified several possible factors that are constraints to 

production of fruit and vegetables. These include low farm 

gate price, high cost of labor input, inadequate supply of 

improve inputs and inefficient marketing system Due to the 

increasing demand and importance of sweet melon, 

venturing in to its enterprise holds promising potentials. 

However, there is little or no attention given to sweet melon 

production technology while only a few is done on its 

marketing as well. Thus, there is need for further 
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investigation into socio-economic determinants of sweet 

melon production in Balanga local government area of 

Gombe state and also determine the factors influence sweet 

melon production in the study area. 

 

Problems of sweet melon production 

According to Adamu et al. [5], in his studies of profitability 

of sweet melon production and marketing in Kirfi Local 

Government Area; Bauchi State shows that majority 

(87.5%) of the producers and marketers face the problem of 

transportation due to poor feeder roads, similarly (50%) and 

(62.5%) of the producers and marketers experienced 

inadequate capital to improve their productivity and farming 

business respectively. Moreover, 75% and 37.5% of the 

producers and marketers complained of glut (on-season 

problem) respectively. It is noteworthy that about 31.3%, 

56.3% and 81.3% of all the producers complained of 

inadequate improved seeds, labor, disease attack as well as 

low farm gate price respectively. This indicated that water 

melon producers in the study area undergo the water melon 

business under unpredictable situation as was also reported 

by Singh [6], for vegetable and tomato producers in the 

semi-arid regions and Yamaltu Deba Local Government 

Areas of Gombe State, Nigeria. Similarly, other authors 

reported many problems that are limiting the fruit 

production as, Dieter [7], shows that in his report, 

fluctuation in the price of fruit also contributes a major 

problem in its business. Agricultural production has been 

increasing at (2%) two percent per year while demand has 

been increasing at slightly less rapid rates. This means that 

agricultural prices income have to be low. Similarly 

Adegeye and Dittoh [8], reported that prices of fruits and 

other agricultural produce are often manipulated by 

speculators with adverse effects on the producers and the 

consumers there is too much seasonal variation in price due 

mainly to lack of storage facilities and insufficient supply. 

Also according to the Abbott [9], shows that most fruit do 

not have adequate storage or ware housing facilities. The 

existing infrastructural facilities such as access roads, 

transport, market storage and processing are far from being 

adequate Singh [6]. Food processing plants are virtually 

none existing. These pose a serious problem for effectively 

processing of agricultural producers. Hence, affect the 

effective production of fruit and other agricultural produce. 

In the same studies carried by Adegeye and Dittoh [8], also 

reported that some marketing problems can be traced to lack 

of information about production, for example sellers may 

not be able to identify source of supply of commodities, 

while producers may curtail their production as a result of 

poor sales. Therefore, there must be an information system 

where buyer and seller can be aware of each other problems. 

Also according to them, the problem of transport in 

marketing of fruit and vegetables has many dimension, in 

some cases there are insufficient vehicles to carry goods 

from farm (purchase place) to markets (serving places) and 

from rural market to the towns. In other cases, transport 

accounts for a large proportion of production costs. In some 

instances there are no roads where they exist they might be 

seasonal. Feeder roads are usually few and in most cases 

have to beconstruction and maintained by communal efforts. 

Adegeye and Dittoh [8] reported that all effort has geared 

towards producing more without thinking about how to 

market them. There is need to know about new technologies 

in food storage preservation and marketing. Thus, there is 

need for research on consumers demand and preferences, 

handling and packaging to reduce lose in fruit and vegetable 

as well as in other agricultural produce marketing. 

  

Some of these problems reported by Singh [6] include: 

  

• Problems of price variability. 

• Inadequate processing and storage facilities. 

   

• Lack of information about production and marketing. 

• Lack of transport facilities. 

• Lack of uniform weight and measures. 

• Inadequate research on fruit market, etc. 

 

II. METHODOLOGY 

 

Area of the study 

Gombe state was created on 1st  October, 1996 by the 

military Government headed by General Sani Abacha, the 

commander-in-chief of Armed forces of the federation. It 

was formally under Bauchi state. The state has eleven local 

government councils with its administrative headquarters in 

Gombe. Gombe state shares common boundary with Borno 

state in the east, Bauchi state by the west, Yobe state by the 

north and Adamawa state by the south. It is located in 

latitude 10°15ˈ north and longitude 110 east. Her population 

is estimated of 1.5 million covering the area land mass of 

about 20, 265 square kilometer [10]. The area of the study 

was Balanga Local Government and it has covered three 

distinct areas in the local government namely, Maidara, 

Daban Magarya and Bakasi. The study area is located in co-

ordinates 9058’N 11°41ˈE. Balanga is a local government 

area in the south east of Gombe State, Nigeria bordering 

Adamawa State. It’s headquarters Talasse. It has an area of 

1,626 Km2 and a population of 212,549 at 

the 2006 census. The climate condition of the local 

government area is characterized by two distinct seasons, 

dry and wet. The hottest months are March and April which 
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recorded up to a temperature of about 40-42°c while the 

coldest months are December to February with a minimum 

temperature of about 20-22°C and the area received the 

mean annual rainfall of 321.4 mm/annum [11]. Sample 

procedure and sample size The data for this study were 

generated through the use of structured questionnaire 

complemented with data were collected from sixty sweet 

melon producers in Balanga local government area of 

Gombe state. Purposive sampling technique was used to 

select three villages and proportional sampling was used in 

selecting twenty respondents from each village. Twenty 

questionnaires each were administered to sweet melon 

producers in Maidara, Daban Magarya and Bakasi. The data 

were collected by the researcher withhelp of two well 

trained personnel’s within the period of eight weeks, 

beginning from June-July 2015.  

 

Method of data analysis  

The statistical tools employed in this study include 

descriptive statistics analysis, such as frequency 

distribution, percentage and mean were used for the analysis 

of socio-economic characteristics of sweet melon producers. 

The relationship between the socio-economic characteristics 

and production of sweet melon was determined using 

multiple regressions model. The model was specified as: 

 

Y=f(X1,X2,X3,X4,X5,X6,X7,X8,u) 

 

Where, 

 

Y=Output in Pyramid/Bill (Kg) 

 

X1=Age (Years) 

 

X2=Years of Experience (Years) 

 

X3=Farm Size (Ha) 

X4=Household Size (No. of Person) 

X5=Level of Education (Years) 

X6=Marital Status (1=Married, others=0) 

X7=Extension Contact (Yes=1, No=0) 
 

X8=Membership of Cooperative (Yes=1, No=0) 

 

U=Constant term 

 

The above model was specified and estimated in four 

functional forms. The functional forms tried include the 

linear, exponential, semi-log and double-log. The functional 

form which gives the best fit in term of R2 value was 

selected because it agree with a priori expectation. 

 

III. RESULTS AND DISCUSSION 
 

Socio-economic characteristics of sweet melon producers 
 

Table 1 shows that majority (98.3) of the sweet melon 

producers in the study area were male. This implies that the 

participation of female in sweet melon production in the 

study area is very low. This agrees with the finding of 

Adamu et al., [5] who reported that males dominated the 

farming aspect of water melon in Kirfi Local Government 

Area of Bauchi State Nigeria. This is because most of the 

people in the study area are Muslims and “Purdah” is 

practice for female and house wives (not allowed in to 

farming) as enshrined in the culture of northern Nigeria. On 

marital status of the respondents, the results revealed that 

95% of the sweet melon producers in the study area were 

married while only 5% were single in the study area. This is 

in line with study made by Atman et al., [12] which revealed 

that (98.99%) of vegetable marketers in Yamaltu Deba 

Local Government of Gombe State, Nigeria were married. 

This is because majority of the producers in the area were 

Muslims and their religion permits them to marry at early 

ages. It is clear from the table that majority of the 

respondents were in the age category of 31-45 years 

representing 61.7% followed by those within the range of 

16-30 years with 20%, those within the range of 46-60 years 

represents 18.3%, none of the respondent fall within the age 

of 61-75 years. The result further shows that a minimum of 

19 and maximum of 53 years was recorded with a mean 

ages of the producers as 39 years, standard error of the mean 

was found to be 0.88% and 54.3% co-efficient of variability, 

implying that there is variability in the age of the 

respondents. The result depict that production of sweet 

melon in the study area are mostly carried out by relatively 

middle aged people. This category of people is believed to 

be more flexible in their decision making and adopt new 

ideas more readily, and the aged are risk-aversive. The 

results also indicated that 50% of the respondents attended 

Qur’anic schools, 23.3% had primary education, 16.7% had 

secondary education, while 8.3% had no formal education 

and 1.7% had attained tertiary education. The literacy level 

among the respondents was relatively high. It is expected 

that the sweet melon producers in the study area could 

readily adopt new ideas of agricultural production and can 

make accurate use of production decision. This is in line 

with the study made by Atman et al., [12] which reported 

that literacy status of respondents is necessary to explain the 

strength or weakness observed in their management ability 

and adoption of innovation. Educations are an important 

tool in increasing adoption of improved farm practices and 

ultimately improve in farm production and productivity. On 
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occupation of the respondents, the result indicated that 

43.3% of the sweet melon producers in the study area were 

engaged in farming alone; 33.3% engaged in farming and 

trading/business. 8.3% were into farming and livestock 

rearing while, 8.3% were sweet melon producers and civil 

service, 6.7% of the respondents were engaged in farming 

and others artisan activities such as driving, mechanic and 

car washing. The result means that majority of the 

respondents were full time farmers in the study area. The 

results revealed that majority had between 11-15 and 16-20 

persons in their 

 
Table 1: Socioeconomic characteristics of respondents (Source: 

Field Survey, 2015). 

households, representing 21.7% each, Household size of 1-5 

and 6-10 persons also had 20%. The mean households’ size 

of the respondents was found to be 13 persons with standard 

error of the mean of 0.25, and co-efficient of variability of 

23.7%. The result clearly indicated that, the minimum 

number of persons in a household was found to be one with 

a maximum of 27 persons in the study area. The low 

variability among the household size is most likely 

attributed to polygamous nature in Northern Nigeria, similar 

to what was reported by Umoh [13] in Bauchi metropolis. 

The result also revealed that minimum year of experience 

was found to be 1 year with the maximum of 6 years. The 

mean years of experience of respondents was found to be 

3.1 years, standard error of the mean value of 0.12 and the 

co-efficient of the variability of 28.7%. This means that 

majority of the producers in the study area had not stayed 

long in the business because the fruit production was newly 

introduced to the area. The result indicated that majority 

(51.7%) of the respondents had a farm size category of 1.5-

3.0 hectares following by those in the category of 0.5-1.0 

hectare representing 48.3%. The result further shows that a 

minimum of 0.5 and maximum of 3 hectares was recorded 

with mean hectares of 1.5, standard error (SEX) of 0.008 

and co-efficient of variability (CV) was found to be 1.19%. 

This implies that the farmers have small-scale managed 

farms. Majority (88.3%) of the respondents sourced their 

initial capital through family and friends, 6.7% obtained 

their capital from bank loan while, only 5% obtained 

financial support from co-operative societies. This 

indicated, the only means of financing their business was 

through family and friends. This agrees with the findings of 

Atman et al. [12] who reported that, tomato producers and 

marketers were only financing their business through 

informal means that is through own savings, money lenders, 

family and friends), as none of the respondent’s claimed to 

have obtained money for financing his business from 

government. The result indicated that majority (43.33%) of 

the sweet melon producers engaged in intercropping pattern 

while 33.33% of the respondents were engaged in sole 

cropping and only 23.33% were engaged in both sole and 

inter cropping. This is in line with the study by Yusuf et al., 

[14] which stated that the higher the number of crops in the 

mixture the less the profitability. Also Yusuf [15], 

discovered in his research on Egusi melon that the more the 

number of crops in the mixture the less the yield and the less 

the profitability, which he attributed to the competitive 

effects of the various crop in the mixture (Table 1).  

 

 

 

Regression results for the socio-economic determinants 

of sweet melon production 

Multiple regression analysis was used to determine the 

socio-economic factors influencing the sweet melon 

production in the study area. In order to compare and assess 
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in detail the necessary parameters, four functional forms viz: 

linear, double-log, semi log, and exponential function were 

fitted to the data. The result presented in Table 2 shows the 

estimated impacts of socio-economic factor of respondent 

on production output (age, experience, farm size, house hold 

size, education attainment, married status). Double-log 

function was found to have the best fit and therefore chosen 

as the best lead equation. The R2 of the double-log function 

was found to be 0.768. This implies that about 76.8% of the 

variation in output of the respondent was accounted for by 

joint action of the six independents factor while the rest 

23.2% of the variation was due to error. The overall 

regression result was significant with F-statistic value of 

35.717 at 5% level of probability. The regression co-

efficient of experiences, farm size and house hold size were 

significant at 5% level of probability, therefore, making the 

three factors important determinant of output from sweet 

melon production. The other three factors age, education 

attainment and marital status were not significant and 

therefore, constituted weak determinants of production 

output. Farmers with high experience are more likely to 

produce more sweet melon than their counterparts with low 

experience, and also farmers with large farm size are more 

likely to produce more melon with their counterparts with 

small farm sizes and the farmers with large house hold size 

are more likely to produce more sweet melon than their 

counterparts with small household size which are similar to 

Ugwumba [16]. 

 

IV. CONCLUSION 

 

The study was conducted in Balanga Local Government 

Area, Gombe State. The main objective of the study is to 

obtained information 

 
Table 2: Regression results for the socio-economic 

determinants of sweet melon production 

on socio-economic determinant of the respondents, in 

achieving these objectives; three villages (Maidara, Daban 

Magarya and Bakasi Areas) were purposively selected. 

Sixty respondents were randomly selected from the list 

frame of the sweet melon farmers. The respondents were 

issued with questionnaires, which were filled with the help 

of well trained enumerators and the researcher. Statistical 

tools such as descriptive statistics and multiple regression 

analysis were used in data analysis. The major findings of 

this study revealed that the majority of the sweet melon 

producers were male, married and were within the age 

bracket of 31-45 years with mean age of 39 years. The result 

further showed that the respondent had one form of 

education or the other with Qur’anic education as the 

highest up to 50%, and had 1-5 years experience with the 

mean 3.1 years of experience. Moreover, the result also 

showed that 43.3% of the respondents engage in farming 

alone and mainly sources their initial capital for the business 

through family and friends been (88.3%). The regression 

analysis of the socio-economic characteristics show that 

double-log regression was chosen as the lead equation based 

on the values of R2 of 0.768 with a standardized co-efficient 

of 0.256. The regression co-efficient of experiences, farm 

size and the house hold size were significant at 5% level of 

probability, therefore, making the three factors important 

determinant of output from sweet melon production. 

 

V. RECOMMENDATION 

 

Based on the findings the following recommendations were 

made: 

 

1. Socio-economic characteristic of sweet melon farmers 

should be taken into consideration when formulating 

policies and also when introducing new technologies to 

rural farmers. 

 

2. Provision of credit facilities with less bureaucracy and 

low interest rate to producers. This will enable farmers to 

increase their farm size and in turn increase their output. 

 

3. Extension agent should be mobilized in the area to 

enhance the level of agronomic practices of melon farmers. 

Access to extension agents enhances the chances of having 

access to better crop production techniques, improved inputs 

as well as other production incentives and in turn leads to 

increase in output. 
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Abstract— Based on life cycle assessment (LCA), this paper compares five different methods for food waste treatment. To achieve 

it, the environmental performance of food waste in Shandong University as a case study is evaluated. The case study indicates that 

saving food is the ultimate way to reduce environment impact and the distance for transportation also affects a lot. The result of 

comparison shows that landfill contributes most to climate change, which is about 10 times larger than others. For acidification 

and eutrophication, incineration shows the worst result 7.77 PAF*m2yr. And composting has the largest impact on carcinogens 

with the result 3.49E-05 DALY. On the whole, the waste treatment technologies are recommended in proper sequence from 

anaerobic digestion, heat-moisture reaction, composting and incineration to landfill. 

 

Key words: Food Waste; LCA; Anaerobic digestion; Disposal. 

  

I. INTRODUCTION 

 

According to Gustavsson et al. [1], 1.3 billion tons of food 

is wasted worldwide every year, representing one third of the 

global yearly food production. In China, the volume of food 

waste reached 245,000 tons a day in 2014, accounting for 

about 50% of municipal solid waste [2-3]. However, food 

waste can be valuable resource when it is managed 

reasonably and effectively, meanwhile reducing the impacts 

on the environment [4-5]. Large volumes of food waste 

mainly come from office canteens, university canteens and 

the food service industry. Among all the sources, it is 

interesting to look at university canteens since college 

students may have higher environmental awareness than 

ordinary people and tend to be easier to manage their 

behavior [6]. 

 

There have been many studies on treatment of municipal 

solid waste. Food waste, as a special category of municipal 

solid waste, has the feature of high moisture, salinity, organic 

and oil content, which requires different methods of treatment 

from common municipal solid waste [7]. Common treatment 

methods for handling food waste include anaerobic digestion, 

landfill, incineration, composting and heat-moisture reaction 

[8]. Anaerobic fermentation produces methane as the main 

product and fertilizers as the byproduct, while the drawbacks 

of the technology include high cost, strict startup condition 

and long time for fermentation [9-12]. Landfill is a traditional 

method with the disadvantages of requirements on large area 

of land and great amount of greenhouse gas emissions. 

Incineration is used to produce thermal energy and can 

greatly reduce the volume of waste [13]. However, Chinese 

food waste contains a lot of water, i.e. about 80% by weight, 

and this largely affects the application of incineration in 

practice. Composting is very popular due to simple operation 

management and high economic efficiency [14]. Heat-

moisture reaction can effectively eliminate bacteria and odor 

[15]. So far, the exiting studies have mainly studied a single 

method regarding its associated impacts [9, 16] or compared 

two methods based on a specific case study [14,17]. However, 

there have been very few studies comprehensively comparing 

the various treatment methods from a life cycle perspective. 

Therefore, the paper aims to compare the five commonly used 

treatment methods, namely anaerobic digestion, landfill, 

incineration, composting and heat-moisture reaction, from a 

life cycle perspective. To achieve this aim, a case study was 

implemented in Shandong University in China to provide the 

data and to increase the relevance. 

 

II. DATA AND METHODOLOGY 

 

According to the ISO standard, life cycle assessment 

(LCA) evaluates the life cycle environmental impacts of a 

product or service [18]. The main processes of a LCA include: 

definition of goal and scope, inventory and impact assessment. 

An on-site investigation was performed in the Xinglongshan 

Campus of Shandong University in the spring of 2016. About 

2 tons of food waste is produced by around three thousand 

students per day in the surveyed canteen and we take it as the 

function unit in the LCA. The main contents of the food waste 

include meat (about 11%by weight), vegetable (about 42%), 

cereal (about 22%), water (about 15%) and others (about 

10%). The food waste is sent to a treatment plant by truck and 

the distance between the university and the plant is about 33.1 

km. The data on anaerobic digestion and other technical 

details in reality are collected from the interviews at Shandong 

SIFON Environmental Protection & New Energy Co. LTD. 

The LCA was implemented using Simapro and the assessment 

method Eco-Indicator99 was adopted. 
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Taking the process of anaerobic digestion as an example, 

Fig. 1. (a) shows the system boundary for the LCA, which 

starts from food waste collection, to transportation and then 

to anaerobic digestion. The food waste collection stage in this 

LCA implies the food waste collected by canteen stuff after 

being used for food, which means all the embedded data for 

the other life stages such as cultivation are not included in 

investigation, but come from the database i.e. EcoInvent 8.0. 

The processes of anaerobic digestion can be generally 

divided into four steps: waste crushing, three-phase 

separating, anaerobic digesting and dehydrating, as shown in 

the dotted area in Fig. 1. (a) It is assumed that the starting 

processes including food waste collection and transportation 

are the same prior to different treatments and the study thus 

concentrates on the differences between the treatments of 

food waste as shown in Fig. 1. (b). 

 
Fig. 1. (a) System boundary of waste food treatment using 

anaerobic digestion; (b) system Boundaries of five treatment 

methods 

 

III. LIFE CYCLE ASSESSMENT 

 

3.1. Goal and Scope 

 

This study first analyzed the food waste from the canteen of 

Shandong University and then sent for anaerobic digestion. 

The study investigated every stage in the treatment and 

calculated the environmental impacts in every stage, 

including climate change, acidification/ eutrophication and 

carcinogens. The study then evaluated and compared the five 

different food waste treatment methods regarding their 

environmental aspects. 

3.2. Inventory 

 

Table 1 shows the inventory of food waste from collection to 

anaerobic digestion. 3918 Anqi Gao et al. / Energy 

Procedia 105 (2017) 3915 – 3921    

Table 1. Inventory of waste food treatment by anaerobic 

digestion 

 
Table 2 shows the inventory of five treatment processes. 

The substances we choose are of large amount and also 

representative under each emission category. 

 

Table 2. Inventory of treatment processes of food waste 

 
3.3. Impact Assessment Results 

 

The study aggregated the impacts into three categories: 

climate change, acidification/ eutrophication and carcinogens 

and the results are shown in Table 3. For each category, only 

the three types of substances with the highest impacts are 

considered. From  Table  3,  food  waste  collection  has  the  

most  impact  especially  in  climate  change  and acidification/ 

eutrophication, which is 90.9% and 96.2%. It is reasonable 

because food waste in LCA contains the food’s life cycle 

stages with intensive energy and material consumption such as 

cultivation, manufacture, distribution and cooking. As for the 

rest two processes, transport and disposal has almost the same 

impact. In the transportation, the magnitude of impacts is 

dependent on the distance of transport. In this research, the 

distance from university to waste treatment plant is 33.1km. 

However, if a treatment facility were located close to the 
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campus, the impacts of transportation would significantly 

decrease. In the disposal process, three-phase separating has 

higher environmental impacts, thus more worthy of further 

considering. 

Table 3. Environmental impacts of food waste case study 

 
Table 4. Environmental impacts of food waste by 

different treatment methods 

 
Table 4 shows the comparison between different 

treatment methods and the findings are summarized as 

follows. 

 

• For the impact on climate change, anaerobic digestion has 

the lowest impacts in the five treatment methods and it is 

followed by composting, heat-moisture reaction and 

incineration. In contrast, landfill may create environmental 

impacts of 10 times higher than the other treatment methods. 

The reason is that landfill produces more greenhouse gases 

such as carbon dioxide and methane into the atmosphere and 

only 70% of carbon dioxide is collected in practical 

application [19]. 

• Anaerobic digestion may create least impacts on 

Acidification and Eutrophication and it is followed by heat-

moisture, composting and landfill. Incineration has the 

highest impacts (5.5 times higher than anaerobic digestion 

and 2.5 times higher than landfill) mainly due to the emission 

of nitrogen dioxide. 

• With regard to carcinogens, the ranking of the treatment 

methods is heat-moisture, incineration, anaerobic digestion, 

landfill and composting. Incineration of waste food would 

produce a large amount of dioxins, about twice as much as 

the other treatments, which is a serious type of pollution to 

human health [20]. Although dioxins have fewer impacts than 

the aldrin, arsenic and cadmium, the total magnitude of aldrin, 

arsenic and cadmium is not so much. 

 

To further examine the influences of different treatment 

methods in the whole life cycle of food waste treatment, a 

synthetic analysis of the environmental impacts evaluated 

these five methods. And results turned out the best and worst 

methods are anaerobic digestion and landfill respectively. 

Environmental impact ratio is the proportion of treatment 

process in the whole life cycle stages. For climate change, 

acidification/ eutrophication and carcinogens, ratio of 

anaerobic digestion is 4.02%, 1.33% and 22.62% while 

landfill is 36.28%, 2.89% and 4.51%. It indicates that different 

disposal methods make sense when considering climate 

change and carcinogens, while there is no much difference in 

acidification or eutrophication. 

 

IV. CONCLUSION 

 

The study employed a life cycle assessment to compare 

various treatment methods for handling food waste and a 

canteen in Shandong University, China, was investigated as 

the data source. The main findings are summarized as the 

following: 

 

• The most effective way to reduce environmental impacts of 

food waste is to save food and avoid waste, since food 

preparation and waste collection (please check my comments 

before, and the terms here should be the same as “food & 

collection”) accounts for the largest proportion of 

environmental impacts, regardless what treatment method is 

used. 

 

• The study also found that transportation would be an 

important source of pollution. Therefore, a waste treatment 

plant might be built not too far away from the place where a 

large number of office and school canteens and restaurants are 

located nearby. It would help to reduce the overall 

environmental impacts. 

 

• Landfill occupies large area and the impact on global 

warming is huge therefore the usage of it should be reduced. 

Incineration is inclined to causing acid rain and 

eutrophication. And among the remaining three new 

technologies, based on the features of food waste, anaerobic 

digestion has more advantages. As a preferred choice to treat 

food waste, the processes of anaerobic digestion, like three-

phase separating process, can be optimize to further reduce the 

environmental impact. 
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Abstract— The development of sustainable process technologies was a major concern and a central idea of what Prof. W.E.L. 

Spiess (WELS) and his research group have tried to accomplish throughout a long and productive scientific journey. In the early 

sixties, Freeze Drying was considered as the process with the lowest thermal impact on quality of food. WELS recognized the 

importance of both freezing process and storage conditions (especially water activity) for maintaining a high product quality. His 

group laid the foundation for a better understanding of water sorption in food materials. In fact, their critical evaluation of the 

BET theory initiated fruitful discussions on water sorption in foods. Their work on freezing included studies on crystal growth 

conditions, the impact of Time-Temperature conditions in the Frozen Food Chain (FFC), the development of various Time-

Temperature Indicators and the use of antifreeze proteins in frozen food production. They actually developed the “mother” of all 

electronic Time-Temperature Recorders; that was an electronic temperature data-logger used for the analysis of product 

temperatures and residence times in the FFC. The techniques they developed in their studies of the crystallization process allowed 

the WELS group to develop an osmotic dehydration cell attached to a Confocal Scanning Laser Microscope (CSLM). This 

arrangement allowed them to understand and accurately describe the mass transfer process at cellular level during osmotic 

dehydration. Throughout his productive scientific career Prof. Spiess coordinated several European research cooperation projects 

that were instrumental in the development of a European Network of Food Science/Engineering Institutions and a true “European 

Food Science community 

 

Key words: sustainable food processing; minimal food processing; emerging food technologies; food quality preservation; food 

research leadership 

  

I. INTRODUCTION 

 

In the long history of mankind, cooking as an original 

form of food processing was reportedly discovered 2 million 

years ago [1]. Salting, drying and fermentation were among 

the first processing technologies to be applied by early 

prehistoric communities. Cheese, bread, wine and beer were 

widely known fermentation products in ancient Greece or the 

East Mediterranean basin. The same is true with salted olives 

and olive oil. Christ blessed wheat (“sitos”), wine (“oenos”) 

and oil (“eleon”), making them essential elements in the 

Devine Liturgy. Man has never stopped looking for better, 

more efficient ways of transforming perishable or inedible 

raw materials into stable, wholesome, appealing and 

nutritious food products. Thus, traditional food products and 

local eating habits soon became part of civilization for each 

and every ethnic group. 

 

Safety and quality improvement, nutritional value, 

consumer convenience and acceptance, product and process 

cost minimization have always been fundamental aspects in 

the design of food processing. Conventional thermal 

processes have been effective in microbial and/or enzyme 

inactivation, but they present a severe disadvantage: heat and 

mass transfer depend on size and geometry, thus posing 

severe process limitations. The negative impact of thermal 

processes on sensorial quality and nutritional value has 

triggered extensive research on alternative, non thermal 

process technologies, such as High-Hydrostatic Pressure 

(HHP), High-Intensity Electric Field Pulses (HELPs), 

supercritical fluid technology, ionising irradiation, High 

Pressure CO2 treatment, Ultra sound, Gas-plasma treatment 

and other. Emerging technologies, such as HHP and HELP, 

are based on instant distribution of the active principle 

(pressure, electric field) throughout the food item, independent 

of size and geometry [2]. Such technologies lead to low 

temperature applications that can help to achieve shorter 

process times and/or minimized process effects. As the above 

technologies require sophisticated equipment and need to be 

operated under special conditions in order to comply with 

hygienic standards, it is too early at the moment to predict 

which one will survive the competition against the classic, 

well established processes [3]. Within the frame of “The 

Walter Spiess Symposium on Food Processing Technology”, 

held during the 11th International Conference on Engineering 

and Food – ICEF11 (Athens, Greece, 2011), this presentation 

will try to underline the main contributions of Prof. Walter E. 

L. Spiess (WELS) and his research group in the specific 

scientific field, emphasizing his efforts to promote process 

sustainability; a short presentation of certain emerging 



 

 

  
Food Processing Technology in a Sustainable Food Supply Chain 

 

RS  International Conference     Thimphu, Bhutan                 22   ISBN: 9788192958093 

 

technologies is used to describe promising process 

alternatives and innovative product possibilities. 

 

II. SUSTAINABILITY IN THE FOOD SUPPLY 

CHAIN 

 

The food supply chain (FSC) is a complex network of 

activities that include farming (primary food production), 

processing, distribution, retailing or catering and consumer 

handling. Agricultural (commodity) and food logistics play a 

crucial role in the management of the food supply chain. 

 

Sustainable food supply chains aim at efficient production, 

processing and distribution systems that: 

 

x protect quality 

 

x assure safety 

 

x promote fair and transparent distribution 

(capturing) of created value along the FSC 

 

x enhance consumer access to wholesome and 

healthy food at reasonable prices, and 

 

x support sustainable development of rural 

communities, an absolute requirement for food sovereignty 

 

Sustainable Food Processing (SFP) is an integral part of 

the sustainable food supply chain, which is part of what we 

call “Sustainable Development”. Sustainable development 

rests on certain principles, such as: 

 

x respect to nature 

  

1920 Harris N. Lazarides / Procedia Food Science 1 

(2011) 1918 – 1923 

 

x recognition of the special role of plants as the 

only creatures that bind energy, entropy and pollutants (CO2) 

to create order (chemical compounds) 

x respect to man and human values 

 

x use of regenerated resources 

 

x understanding that man and nature are bound and 

interrelated 

 

x respect to our roots (heredity), tradition and 

culture (civilization) 

 

x social control of production, distribution and 

resource management 

 

A relevant study on the origins and rationale of traditional 

Greek foods showed that sustainability, 

 

extension of shelf life and maximum raw material 

exploitation were the main drivers for the development of a 

large variety of traditional, local foods based on a limited 

number of seasonally available raw materials [4]. SFP is based 

on the use of low energy, low-impact processing schemes to 

produce food with superb quality and nutritional value, close 

to (or better than) that of a fresh product. Sustainable Food 

Processing aims to: 

 

x promote the use of local raw materials and 

ingredients, 

 

x preserve local food civilization (promote local 

food recipes) 

 

x improve product acceptance and healthy food 

profile (quality, nutritional value) 

 

x improve product yield (minimize raw material 

losses) 

 

x minimize the use of additives, with preference to 

natural ingredients 

 

x minimize environmental impact (including that of 

packaging) 

 

x exploit (upgrade) food processing wastes to 

produce valuable by-products or ingredients 

 

x minimize the use of water (through recovery, 

recycling and process modifications) 

 

x minimize the use of energy 

 

x maximize the use of renewable energy resources 

 

x minimize processing and distribution costs 

(achieve low consumer prices) 

 

x minimize energy demands and product losses 

(recalls) in the food distribution chain 

 

The last task is greatly supported by the development of 

reliable, inexpensive shelf-life monitoring 

 

systems, such as Time-Temperature Indicators/Integrators 

(TTI’s). 
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III. SUSTAINABLE FOOD PROCESSING: DRIVER 

FOR A SUCCESSFUL SCIENTIFIC CAREER 

 

The development of sustainable process technologies was 

a central concern and a major driving force for what WELS 

and his research group have tried to accomplish throughout a 

long and productive scientific journey. In the early sixties, 

Freeze Drying was considered as the process with the lowest 

thermal impact on quality of food. WELS soon recognized 

the importance of both the freezing process and the storage 

conditions (especially water activity, aw) for maintaining a 

high product quality. The fundamental role of water in food 

was the starting point for the intensive work of his group on 

Water Activity, especially in the frame of COST projects, 

which he coordinated. Practical results of these projects 

included the development of a standardized procedure for 

measuring sorption isotherms and calibrating relevant 

analytical instruments, the recommendation of Micro-

Crystalline Cellulose (MCC) as a reference material and an 

extensive collection (over 1,000) of food Sorption Isotherms, 

which still serves the food industry as a highly reliable 

reference system. In WELS’s words, these isotherms were 

compiled and published “in friendly competition with the 

group around J. Chiriffe” [5]. The idea behind this data 

compilation was to find the “ultimate sorption-isotherm 

formula”, so that based on the composition of a product one 

could calculate (draw) its isotherm. Through comparative 

analysis with inert gases the real physical surface area of 

dried products was also measured. Over and above these 

fundamental achievements, together with other colleagues 

WELS’ group laid the foundation for a better understanding 

of water sorption in food materials. In fact, their critical 

evaluation on application of the BET theory initiated 

constructive and fruitful discussions on water sorption in 

foods. Their efforts to enhance mass (water) transfer in freeze 

drying by creating special crystallization conditions that 

favour generation of large ice-crystals resulted to major 

contributions in the wider area of freezing. Indeed, frozen 

food quality is based on creation of small ice-crystals during 

freezing and their maintenance throughout storage, 

distribution, retail and consumer handling. Thus, their work 

included studies on: 

 

x crystal-growth conditions 

 

x the impact of Time-Temperature conditions in 

the Frozen Food Chain (FFC) 

 

x the development of various Time-Temperature 

Indicators, and 

 

x the use of antifreeze proteins in frozen food 

production 

 

They actually developed the “mother” of all electronic 

Time Temperature Recorders; that was an electronic 

temperature data-logger used for the analysis of product 

temperatures and residence times in the FFC. That data-logger 

was the first one of its kind (as proven by patents). It was an 

extremely helpful tool for monitoring the conditions in the 

FFC and supported the development of a stochastic model for 

food distribution chains at large. The model allowed statistical 

processing and evaluation of information regarding the quality 

of a product based on its residence time/temperature history in 

the FFC. The practical outcomes of their freezing studies were 

recommendations for the Food Industry and Inspection 

Services. In fact, their system was applied in Germany by 

State Food Inspection authorities and it only became obsolete 

when the much more reliable bar-code systems were 

introduced [5]. Research activities on freezing and chilling of 

fruits and vegetables led to the development and industrial 

exploitation of a sustainable, innovative blanching process that 

allowed to fully recycle blanching water. Besides the drastic 

water economy, this process helped maximize retention of 

nutrients and other desired components, while it discarded 

undesired constituents. In the same area of research, a process 

for effective cleaning and disinfection of heavily soiled, fresh 

green salads was also developed and industrially implemented. 

The process uses a controlled, mild heat treatment that allows 

removal of bitter tasting (i.e. phenol) compounds together with 

a dramatic reduction of microbial load, especially regarding 

food pathogens. Finally, the WELS group offered valuable 

insight on structure (i.e. crispness) of vegetables as it is 

perceived by the nerves of the human chewing system during 

the comminution process in the mouth; an outstanding piece of 

work that was dully acknowledged and awarded by the 

German Dental Society [6]. The techniques they developed in 

their studies of the crystallization process allowed the WELS 

group to enter a third major area of research and gain new 

insight on mass transfer processes in plant cells. The group 

developed an osmotic dehydration cell attached to a Confocal 

Scanning Laser Microscope (CSLM) 

 

[7]. This ingenious arrangement allowed them to 

understand and accurately describe the mass transfer process 

at cellular level during osmotic dehydration. Osmotic 

preconcentration of fruits and vegetables has attracted 

extensive research interest due to substantial advantages with 

respect to low energy demand, quality preservation and new 

product possibilities (i.e. dehydro-frozen fruit) [8]. Osmotic 

processing benefits arise from the fact that water is 

osmotically removed in liquid form (without a phase change) 

at ambient temperatures; thus the submerged product is 

protected against heat and oxygen-induced detrimental effects. 

Direct osmosis of prime quality liquid foods offers a minimal 

processing alternative in the area of liquid food dehydration 

(concentration) [9]. The importance of osmotic treatment as a 

 

common process step in a large variety of minimal 

processing schemes was dully recognized by Prof. Spiess, who 

coordinated a successful EU-FAIR project under the title: 

“Improvement of Overall Food Quality by Application of 
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Osmotic Treatments in Conventional and New Processes”. 

The insight, which was gained into the transport of water 

under osmotic pressure, contributed towards a better 

understanding of the drying process on biological materials in 

general Beyond any doubt, Prof. Spiess’ leadership in several 

European research projects enhanced extensive, long-term 

collaboration schemes among numerous academic and/or 

research institutions, acting as a catalyst for the creation of a 

“European Food Science community”. This must be 

acknowledged as his most valuable contribution to European 

and worldwide developments in Food Science/Engineering in 

the past decades and in the years to come. 

 

IV. EMERGING FOOD PROCESSING 

TECHNOLOGIES – CHALLENGES AND ISSUES 

 

High-Hydrostatic Pressure (HHP) and High-Intensity 

Electric Field Pulses (HELPs) constitute useful paradigms of 

what emerging technologies can offer to sustainable food 

processing, what are the challenges and the issues that need a 

closer look. With both technologies, low process 

temperatures and short processing times help protect quality 

and functionality, minimize use of energy and eliminate 

waste. 

 

Although HHP was first applied to food more than 110 

years ago [10], it attracted increased research interest 20-25 

years ago, especially after the successful introduction of the 

first commercial products (fruit juices) in the Japanese food 

market. Central interest was the extension of shelf life 

without compromising nutrition and quality. Compared to the 

two thermal processing coordinates (Temperature, T-Time, t), 

an HHP process must be defined in a three-parameter domain 

that includes pressure (p-T-t). The result is an increased 

choice of process parameter combinations that can better 

serve the required process/product targets. Based on 

inactivation kinetics for vegetative microbes, a 3-state 

inactivation model was developed for B. subtilis cells [11] 

and validated for several other microorganisms in both model 

and real food systems. Although bacterial spores are pressure 

resistant, high-pressure-induced germination offers a tool for 

pressure-heat inactivation of spore formers [12]. Besides 

inactivation, metabolite production of HHP-stressed 

microorganisms is another interesting area of research. With 

respect to water in foods, HHP has been shown to promote 

self-ionisation of water (to lower pH). What is even more 

interesting is the use of HHP to control phase transitions; 

which offers the possibility for substantial quality 

improvement in frozen foods, since it allows for instant 

freezing with small ice crystal formation, fast thawing of 

frozen food by pressurization or storage of food under 

subzero temperatures without ice formation [2]. Thus, 

pressure assisted freezing and thawing opens new horizons 

for process innovations. HHP can physically modify structure 

and functions, lending itself to various applications [13]. 

HHP-induced gelation of proteins, polysaccharides or 

protein-polysaccharide mixtures offers new modes of 

innovation through structural interventions. HHP can also 

affect non-covalent bonds and induce modified enzyme 

activity. Finally, HHP can be used to modify the structure of 

plant materials, allowing for increased heat and mass transfer 

rates (increased drying rates), improved release of metabolites 

or reduced fat uptake of French fries [2]. Batch and semi-

continuous equipment are now available for industrial 

production of HHP products (juices, purees, milk). HELPs 

was originally tested in the 1960s; it recovered research 

interest due to its promising results on microbial inactivation. 

Irreversible plant membrane permeabilization has been an 

additional driver promoting HELPs research and development, 

due to its great importance in mass transfer [14] and 

dehydration processes (i.e. osmotic dehydration). It also helps 

develop low-energy modes to increase metabolite production 

with parallel, improved extractability. HELPs can alter protein 

or enzyme conformation, resulting in product protection 

against oxidation, off flavors and undesirable color changes 

 

[15]. Engineering aspects of HELP equipment 

(especially the design of process chamber) and process design 

(process homogeneity) are naturally receiving increased 

interest, in an effort to commercialise this promising 

technology. 

 

V. EPILOGUE 

 

According to P. E. Nelson, the 2007 World Food Prize 

Laureate [16]: “Just as society has evolved over time, our food 

system has also evolved over centuries into a global system of 

immense size and complexity. The commitment of food 

science and technology professionals to advancing the science 

of food, ensuring a safe and abundant food supply, and 

contributing to healthier people everywhere is integral to that 

evolution...” This commitment poses a double challenge with 

great impact on future developments in food process 

technology and food sciences in general; we need to 

formulate, process and label food to help the average 

consumer live on a healthier diet, moving away from obesity 

and diet related diseases; we also need to reconsider and 

broaden our role in the sustainable food supply chain, so as to 

increase our visibility, our responsibility and our impact on 

healthy eating and feeding the starving population groups all 

over the world, including our “developed” countries. The food 

security issue has already attracted the sincere concern and 

systematic efforts of Prof. Spiess. In fact, during the last 

IUFoST Conference (Cape Town, 2010) Prof. Spiess openly 

expressed his intention to lead a task-force on Food Security. 

In line with this commitment, his contribution to the 11th 

International Conference on Engineering and Food-ICEF11 

(Athens-Greece, 2011) was chosen to focus on biofuel and 

food security.- 
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Abstract— The purpose of this research activity is to analyze the effectiveness of training of beef cattle fattening industry based on 

waste of brem industry as an indicator of training success. This research was conducted on May 4 to August 28, 2017 in Gebang 

Village, Nguntoronadi District, Wonogiri Regency, Indonesia. The research design used pre-experimental design with one group 

pretest and posttest design. Determination of research location is done by purposive and respondent determination by purposive 

method that is beef cattle rancher who follow training of beef cattle fattening industry based on brem waste in Gebang Village. The 

data used include the primary data from the questionnaires by respondents who are beef cattle ranchers who participated in the 

business training of beef cattle fattening based on the waste of brem industry and secondary data obtained from the Central 

Bureau of Statistics (BPS) of Wonogiri Regency and the Animal Husbandry, Fishery and Marine Office of Wonogiri Regency. Data 

analysis used is descriptive analysis. The results showed that there was an increase in knowledge of respondents who attended the 

business training of beef cattle fattening based on brem industry waste in Gebang Village, Nguntoronadi District, Wonogiri 

Regency. The average post-test result is bigger than pre-test result, so it can be concluded that the training of beef cattle fattening 

business based on industrial waste is successful and effective by showing the increase of knowledge of farmers after the training. 

 

Key words: effectiveness, training, cattle fattening business, knowledge. 

  

I. INTRODUCTION 

 

Wonogiri regency is one of the areas in Central Java which 

has a high population of beef cattle at 157,468 (Central 

Bureau of Statistics, 2016). This shows that Wonogiri 

Regency has the potential to develop beef cattle considering 

the need for meat continues to increase. One effort to fulfill 

the sufficiency of meat in Wonogiri Regency is by increasing 

the production of local breeder cows through the provision of 

alternative feed sources for cattle that is by utilization of 

industrial waste brem. In Wonogiri district there is a brem 

industry center located in Gebang Village, Nguntoronadi 

District. The surrounding community utilize brem industry 

waste for animal feed as a fattener of fattening beef cattle so 

that almost all the people who wrestle this brem industry 

certainly have a business of beef cattle. In the process of 

making brem food, from processed ingredients, only about 

30% who managed to become brem food. The remaining 

70% becomes waste in the form of water and rice waste 

(Probowati et al., 2012). Utilization of industrial waste as a 

livestock feed will reduce the cost of animal feed so it has the 

potential to be developed. Efforts to develop beef cattle farms 

in Gebang Village Nguntoronadi District is with farmers 

following the extension and training activities organized by 

related agencies and universities. According Simamora 

(2006) one of the development of human resources by 

training to improve knowledge and skills. Training will be 

said to be successful if the training is carried out effectively ie 

increasing knowledge, skills and skills to the training materials 

(Hasibuan, 2005). Therefore, it is necessary to know the 

effectiveness of training of beef cattle fattening industry based 

on Brem waste in Gebang Village, Nguntoronadi Sub District, 

Wonogiri Regency, Indonesia. 

 

II. METHODS 

 

This research was conducted in Gebang Village, Nguntoronadi 

District, Wonogiri Regency, Indonesia on May 4 to August 

28, 2017. This research design using Pre-Experimental Design 

with One Group Pretest and Posttest Design. The use of this 

design aims to test the effectiveness of training the beef cattle 

fattening business. This design is done by comparing the 

pretest and posttest results of the respondents as trainees. Site 

selection and sample research using purposive sampling 

method, which is a way of determining the location of 

research based on several considerations in accordance with 

the purpose of research Sugiyono (2006). The location was 

chosen in Gebang Village, Nguntoronadi District, Wonogiri 

Regency because it is an area that has the potential to develop 

beef cattle farms. The determination of the sample is 

determined by purposive method which is the farmer in 

Gebang Village who attended the business of fattening beef 

cattle and able to apply the knowledge gained during the 

training. Researchers considered the selected sample to 

provide information in support of this research (Sunyoto, 
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2009). The type of data used is primary is data collected 

directly by researchers from the respondents and secondary 

data are supporting data obtained from books, as well as other 

sources published by relevant agencies. Data collection 

techniques include interview, observation, literature study, 

recording and pretest and post test. Data were analyzed using 

descriptive analysis. 

 

III. RESULTS AND DISCUSSION 

 

Characteristics of Respondents 

Characteristics of farmers in this activity include age, 

education level, the number of livestock ownership, farm 

work, farming experience and the number of family members 

borne by the farmer. 

1. Age 

Age of farmers who attended the business of beef cattle 

fattening in Gebang Village, Nguntoronadi District can be 

seen in Table 1. 

Table 1. Age of farmers attending training activities in 

Gebang Village 

 
Source: Primary data is processed, 2017. 

Based on Table 1 it is known that the largest number of 

breeders is in the age group 31-45 years as many as 9 people 

with a percentage of 47.37%. This shows the age of breeders 

classified in the productive age to work. The result is 

supported by Labor Law Number 13 Year 2003, a person 

who is categorized as a worker aged 15 to 64 years (Arsyad, 

1999). The age of productive or young breeders is generally 

curiosity towards something higher and interest in adopting 

higher technology introductions (Chamdi, 2003). 

 

2. Level of education 

The level of education of farmers who attended the 

training in Gebang Village, Nguntoronadi District can be 

seen in Table 2. 

Table 2. Educational level of farmers attending training in 

Gebang Village, Nguntoronadi District 

 
Source: Primary data is processed, 2017. 

 

The level of education of farmers is high with graduates of 

high school graduates and sederajad 11 people or equal to 

57.89%, The higher the education level of a person, the higher 

the level of productivity or labor performance (Simanjuntak, 

2001). Education will affect the mindset and attitude of a 

person, especially in terms of decision making and 

management arrangements in managing a business. Education 

makes it easier to accept or consider an innovation that can 

help develop the business better than ever, so farmers are not 

left behind by the increasingly modern technology (Tiafery, 

2016). Soekartawi et al. (1986) states that one's education will 

affect also in running a business effectively and efficiently. 

 

3. Number of livestock ownership 

The number of livestock ownership of respondents who 

attended the training in Gebang Village can be seen in Table 3 

below: Table 3. Number of livestock ownership of the 

respondents who attended the training in Gebang Village 

Nguntoronadi District 

Source: Primary data is processed, 2017. 

Based on Table 3 shows that the number of farmers who 

attended the highest training in Gebang Village is in the 

number of cattle ownership 1-2 tail and 3-4 tails as many as 7 

people with a percentage of 36.84%. In the opinion of 

Sostroamidjojo and Soeradji (1990), the scale of cattle farming 

is illustrated by the small number of livestock ownership, the 

livestock owned by farmers is only one to several. The level of 

livestock ownership is very influential to the size of business 

income of beef cattle (Krisna and Harry, 2014). 

 

4. Respondent's Job 

The work of farmers who attended the training in Gebang 

Village, Nguntoronadi District can be seen in Table 4. 

 
Source: Primary data is processed, 2017. 

 

Based on Table 4 most of the farmers who participated in the 

cattle waste processing training in Gebang Village, 

Nguntoronadi Sub-district, livelihood as 14 peasants with the 
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percentage of 73.68%. Farmers who follow the training are 

the people farmers who have beef cattle as a side business 

with the main work varies. Livestock business is used as a 

side job because the result of the livestock business can be 

used as additional income for the family (Tiafery, 2016). 

Susanto (2003) states that to face business risks such as 

failure of production, farmers do side business as one source 

of income to meet basic family needs. 

 

5. Breeding experience 

The experience of raising the respondents who attended the 

training in Desa Gebang can be seen in Table 5. 

Table 5. The experience of raising the respondents in 

Gebang Village 

 
Source: Primary data is processed, 2017. 

Based on the data in Table 5 indicates that the experience of 

breeding for most of 1-10 years as many as 9 people with a 

percentage of 47.37%. Breeding experience becomes one 

measure of one's ability to manage a farm (Tiafery, 2016). 

The results are supported by the opinion of Nitisemito and 

Burhan (2004), that the more experience the more lessons 

learned in the field. Work experience has a positive influence 

on labor productivity (Adhadika, 2013). 

 

6. Number of family members 

The number of family members who are the responsibility of 

the breeder can be seen in Table 6 below: 

Table 6. Number of family members of respondents in 

Gebang Village, Nguntoronadi District 

 
Source: Primary data is processed, 2017. 

 

Based on Table 6 shows that the number of family members 

that are the responsibility of most breeders is 3 people with 

the number of breeders 6 people and the percentage of 

28.13%. The large number of families will encourage farmers 

to do many activities, especially in finding and increasing the 

income of their families (Soekartawi, 2003). According to 

Nurcahya (2009) that relatively large farming families are a 

source of labor supply, but also a burden of life to be endured 

and endowed by the head of the farmer's family. 

Success of Training Program 

Based on the cognitive aspect of the beef cattle fattening 

business in Gebang Village, Nguntoronadi Subdistrict, 

Wonogiri Regency based on brem industry waste, after the 

training activities to farmers showed improvement as 

presented in Table 7 as follows. 

Table 7. Pretest and posttest results of farmers following 

training activities in Gebang Village, Nguntoronadi District 

 
Source: Primary data is processed, 2017. 

 

This is seen in the pretest score before the training of 54 and 

the post test score after training 69 with the average increase 

in the results obtained is 15. The post-test results are greater 

than the pre-test results, so it can be concluded that the 

training of cattle fattening business cut in Gebang Village, 

Nguntoronadi Sub-district was successful and effective by 

showing improvement of knowledge of farmers after the 

training. 

Increased knowledge as a benchmark in determining the 

effectiveness of a training program. According to Hasibuan 

(2005) that the training will be said to be successful if the 

training is carried out effectively is the increase of knowledge, 

skills and skills to the training materials. 
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IV. CONCLUSION 

 

Based on the knowledge aspect in training of beef cattle 

fattening industry based on brem waste in Gebang Village, 

Nguntoronadi Sub-district, Wonogiri Regency, after training 

activity to farmers showed improvement. The average post-

test result is bigger than pre-test result, so it can be concluded 

that the training of beef cattle fattening business based on 

industrial waste is successful and effective by showing the 

increase of knowledge of farmers after the training. 
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Abstract— Background :At present the dairy industry is both actively & articulately involved in product development. This 

includes new formulations & imitation product designed to compete with or replace existing products based on their superiority 

inconvenience, cost, quality & health benefits, so the progress in product development. The fast going lifestyle of humans is one of 

the reasons for health related diseases. So attempt was made to develop functional milk by using the combination of lemongrass & 

clove both having medicinal properties. 

Method : 

1. The method of optimization of pasteurized homogenized toned milk with sugar (used as a natural preservative), lemongrass & 

clove was separately successfully prepared and subjected for sensory evaluation on 9 point hedonic scale by semi trained judges. 

Different variables of concentrations of sugar, lemongrass & clove were prepared that is 6%, 7%, 8%, 9% & 10% , 0.1%, 0.5%, 

1%, 2% & 3%, & 0.05%, 0.1%, 0.2%, 0.3% & 0.4% respectively. 

2. Selected concentrations of sugar, lemongrass & were combined together for the formulation of functional milk  & were finally 

subjected for sensory evaluation on 9 point hedonic scale by semi trained judges. 

Results:  1. Among the different variables of concentrations, 8% , 1% & 0.1% of sugar, lemongrass & clove were selected 

respectively. 

2. 1% : 0.1% concentration of lemongrass : clove were selected with 8% sugar concentration for the preparation of functional 

milk. 

Conclusions : 1. Seperate optimization of sugar,lemongrass & clove provides a basic idea to finalize the concentrations each raw 

material for the formulation of functional milk. 

 2. 1% : 0.1%  concentration of lemongrass : clove with  8% sugar concentration sample showed better results for all sensory 

parameters. The functional milk have positive effect in improvement of sensorial parameters in taste, mouth-feel, stability & its 

overall acceptability. also addition of lemongrass and clove may play vital functional role & exhibit functional properties in the 

developed product. 

 

Key words: Milk, Functional Milk, Sugar, Lemongrass, Clove, Optimization...... 

  

I. INTRODUCTION 

 

Nutritionists recognize milk and its products as important 

constituents of a well-balanced, nourishing human diet. 

Milk has been described as nature’s nearly perfect food in 

that it provides vital nutrients like proteins essential fatty 

acids, vitamins, minerals and lactose in balanced 

proportions. (Anthony et.al., 2013) 

Milk is regarded as rich source of nutrients as it contains 

high quality proteins, lactose, and flavour enriching fat. 

The perfect composition of milk not only recommends 

itself for growing children but also suited to satisfy energy 

needs of adult. In flavoured milks sugar, flavouring 

agents, colouring matters are added. Milk also provides 

protection against ill health and promotes good health. 

(Berry, 2003) 

Recently, herbal products either in the form of cosmetics 

or food has become more popular in the world market. 

Epidemiological data as well as in-vitro studies strongly 

suggest that food containing phyto-chemical with anti-

oxidation potential has strong protective effect against 

major disease risks including cancer and cardiovascular 

disease, (Kaur and Kapoor, 2002). 

 

Lemongrass (Cymbopogon citratus) is a  widely used herb 

in tropical countries; especially in it is used in 

aromatherapy. Some of the reported phytochemicals are 

essential oils that contain citral α, citral β, nerolgeraniol, 

citronellal, terpinolene, geranyl acetate, and myrecene and 

terpinolmethylheptenone. Two triterpenoids, cymbopogone 

and cymbopogonol and flavones identified as luteolin and 

its 6-C-glucoside have also been isolated from leaves of C. 

Citratus. (Hasimet al., 2015).The plant also contains 

reported phytochemicals such as flavonoids and phenolic 

compounds, which consist of luteolin, isoorientin 2’-O-

rhamnoside, quercetin, kaempferol and apiginin. The 

compounds identified in C. citrates are mainly terpenes, 

alcohols, ketones, aldehyde and esters. Studies indicate that 

it possesses various pharmacological activities such as 

anti-amoebic, anti-bacterial, anti-diarrheal, anti-filarial, 

anti-fungal and anti-inflammatory properties. Various other 

effects like anti-malarial, anti-mutagenicity, anti-

mycobacterial,antioxidants, hypoglycemic and 

neurobehaviorial have also been studied (Hasimet al., 
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2015). Clove (Syzygiumaromaticum) is one of the most 

valuable spices that has been used for centuries as food 

preservative and for many medicinal purposes. This plant 

represents one of the richest source of phenolic 

compounds such as eugenol, eugenol acetate and gallic 

acid and possess great potential for pharmaceutical, 

cosmetic, food and agricultural applications. The 

biological activities of clove and eugenol. A new 

application of clove as larvicidal agent is an interesting 

strategy to combat dengue which is a serious health 

problem. The addition of antibacterial and aromatic 

supplements, to reduce the spoilage, can be added to the 

milk and also medicinal plants like lemongrass containing 

phytochemicals and spices like clove having antibacterial, 

antimicrobial properties were used for the development of 

the functional milk having functional properties and 

nutritional value like functional food. 

 

II. MATERIALS AND METHODS 

 

All the raw material Pasteurized homogenized toned 

milk,lemongrass leaves,clove powder and sugar were 

procured from local market of Kolhapur & were analysed 

for various parameters which are tabulated below.  

 

1. Pasteurized homogenized toned milk  

Table: 1 Physical parameters of Pasteurized 

homogenized toned milk 

Sr. 

No 

Parameters  pasteurized homogenized toned 

milk  

1 Colour  White 

2 Flavour  Pleasant and clean 

3 Taste Clean and slightly sweet 

4 Appearance Liquid 

Table: 2 Chemical Analysis of Pasteurized homogenized 

toned milk 

 
Table: 3 Microbial parameters of Pasteurized 

Homogenized toned milk 

 
2. Lemongrass leaves   

Table : 4 Chemical Analysis of Lemongrass leaves 

Sr.N

o. 

Parameter Lemongrass leaves  

1 Moisture  11.35 ± 0.01% 

2 Ash 7.15 ± 0.21% 

3 Carbohydrates  19.64 ± 0.51gm 

4 Protein  22.59 ± 0.01% 

5 Fat  2.43 ± 0.04% 

6 Crude Fibre  37.53 ± 0.67% 

7 Vitamin A  1.25 ± 0.02 mcg 

8 Vitamin C  2.43 ± 0.06 mcg 

9 Vitamin B1 2.33 ± 0.04 mcg 

10 Vitamin B2 0.23±0.06 mcg 

11 Manganese 2.57±0.04 mcg 
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Table:  5 Qualitative tests for Phytochemical of 

Lemongrass leaves 

 
 

3. Clove powder 

Table: 6 Chemical Analysis of clove powder 

 
Table: 7 Qualitative tests for Phytochemical  of clove 

powder. 

4. Sugar 

Table: 8 Physical Parameter of Sugar

 

Figure.1 Process flow chart for preparation of   

Functional Milk 

 

1. Preparation of Control Sample 

Table : 9Optimization with sugar 

Trial 

Percentage

(w/v) 

Appe

aranc

e 

Col

or 

Flav

our 

Tas

te 

Con

siste

ncy 

Overall 

Acceptabili

ty 

6 % 6.5 7.5 7.0 7.0 7.5 7.0 

7 % 7.5 7.5 8.0 8.0 8.0 8.0 

8 % 8.0 8.0 8.5 8.5 9.0 8.5 

9 % 7.5 7.5 8.0 8.0 7.5 8.0 

10 % 7.0 7.0 6.5 6.0 7.0 6.5 

 

Observation-8% (W/V) concentration were selected due to 

it’s better results. 

2. Preparation and Optimization of clove powder for 

functional milk  

Table: 10 Optimization of clove powder 

Trial  

Percentag

e (w/v) 

App

eara

nce  

Col

or  

Flav

or 

Tast

e  

Consi

stency  

Overall 

Accepta

bility  
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0.05 % 7.5 7.0 7.0 7.0 7.5 7.5 

0.1 8.0 8.0 8.5 8.5 8.0 8.5 

0.2 7.5 7.5 8.0 8.0 7.5 7.5 

0.3 6.5 7.0 6.5 6.5 7.0 6.5 

0.4 6.5 6.0 6.5 6.0 6.0 6.0 

Observation- 0.1% (w/v) concentration was selected due 

to its better results of sensory and overall acceptability. 

3. Preparation and optimization of lemongrass leaves 

for functional milk 

Table : 11 optimization of dried      lemongrass leaves 

Trial  

Percen

tage 

(w/v) 

App

eara

nce  

Co

lor  

Flav

or 

Tast

e  

Consiste

ncy  

Overall 

Acceptab

ility  

0.1 7.5 8.

0 

6.5 6.5 7.5 7.0 

0.5 7.0 7.

5 

7.0 7.0 7.5.5 7.0 

1 8.0 8.

0 

8.0 8.5 9.0 8.5 

2 8.0 8.

0 

8.0 8.0 8.0 8.0 

3 8.0 8.

0 

7.0 7.0 7.5 7.5  

Observation- 1% (w/v) concentration were selected due     

due to its better results for sensory characteristics. 

 

4. Development of Functional Milk  

Functional milk was prepared using the pre-optimized 

concentrations of raw materials by following the steps 

mentioned in the flowchart. 

 

5. Packaging of Functional Milk  

200 ml glass bottles were procured from the       market 

.Filling the prepared functional milk into  that glass bottle 

after that capping . 

 

6. Storage 

Filled bottles were stored at 4 ± 2ºC for the best use and to 

avoid microbial growth due to high storage temperature. 

 
Figure.2 Prepared Functional Milk 

 

III. RESULTS 

  

Prepared   functional milk was analyzed for phychemical, 

microbiological parameters and qualitative phytochemical 

screenings were also tested. 

1. Effect of addition of lemongrass leaves and Clove 

powder on sensory parameters. 

 

Table: 12 Optimization of functional milk 

Sample  

Sample  

 

Parameters 

 

Functional milk 

prepared  

Appearance  8.5 

Colour 9.0 

Taste/Flavour  8.5 

Mouth feel  9.0 

Consistency  9.0 

Overall Acceptability 9.0 
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Table : 13 Quantitative analysis of  total phenolic 

content in  lemongrass leaves and clove powder 

 
Table : 14   Activity of antioxidant for 

Lemongrass leaves and clove powder  

 
 

Table : 15 Antimicrobial activity for lemongrass leaves 

and clove powder 

 

 
 

 

 
Fig no. 3  Zone of inhibition of Gram negative bacteria 

and Gram positive bacteria 

Table   : 16 Physicochemical analysis of functional milk 

Sr. 

No 

Parameters  Functional milk  

1. Total solid  19.24 % 

2. SNF  15.83 % 

3. protein  3.24 % 

4. Fat  3.41% 

5. Saturated fat  2.413  % 

6. Acidity (as lactic acid ) 0.14 % 

7. PH 6.74 

8. Total carbohydrates 11.95% 

9. Ash content  0.64 % 

10. Energy  91.45 Kcal 

11. Vitamin B2 646.9 mg/100 ml  

12. Vitamin A  1062.5 mg/100 ml  

13. Calcium  196.81 mg/100 gm  

14. Sodium  41.4 mg/100 gm  

15. Iron  9.43 mg/kg  

16. Potassium  78.22 mg/100 gm 

17. Magnesium  47.18 mg/kg  

18. Citral Absent 

19. Eugenol Present  

20. Antioxidant  Absent  

21. Coliform  ˂1 cfu/ml 

22. Total plate count  67 cfu/ml 

23. Yeast & mould  ˂ 1 cfu/ml 

24. Total phenolic content 

(mg%)  

01.85 

 

Table   : 17 Qualitative Phytochemical Analysis 

Sr. 

No 

Parameters Functional milk  

1. Tannins  + 

2. Saponins + 

3. Alkaloids  - 

4. Glycosides - 

5. Flavonoids  + 

 

Table : 18  Quantitative analysis of  total phenolic 

content in  functional milk 

Sr. 

No 

Phytochemicals  Total content  

1. Total phenolic content (mg/g 

extract ) 

01.85  

  

Table : 19  Activity of antioxidant for  functional milk 

Sr. 

No 

Parameters Total content 

1. Total antioxidant capacity (mg 

%) 

1.68 

 

Table : 20 Antimicrobial activity for  functional milk 

Sr. Sample Unit  Zone of inhibition  
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No  Name  Escherichia coli Staphylococc

us  

Aureus 

1. Function

al milk  

mm 18  0 

Storage study of functional milk 

Table : 21 Effect of refrigeration storage on 

physicochemical parameter of the milk  . 

Storage  

days 

Physico-chemical parameters 

TS  Acidity 

(%)  

pH  

0  19.24 0.140 6.74 

3  19.22 0.140 6.72 

6  19.22 0.142 6.71 

9  19.18 0.145 6.67 

12  19.15 0.149 6.63 

15  19.15 0.153 6.54 

18 14.20 0.190 4.70 

 

Table: 22 Effect of refrigeration storage on microbial 

quality of the product. 

Storage 

days  

Microbial parameter 

Total plate count 

(cfu /ml)  

Yeast and mold 

count (cfu/ml)  

0  67 <1 

3  72 <1 

6  77 1 

9  94 2 

12  1500 2 

15  11200 2 

18  To Many To Count 

(TMTC) 

100 

 

IV. FINAL DISCUSSION ON RESULTS 

 

1) Addition of lemongrass & clove gradually increased the 

nutritional value of the milk.(ref .results of analysis of 

functional milk) 

 

2)  Phytochemicals, antioxidant values, antimicrobial 

values present in lemongrass & clove shows that the 

prepared product have the medicinal potential value to use 

as functional product in the health treatment. (Ref. Table of 

Qualitative tests of phytochemicals, antioxidant, 

antimicrobial   analysis of functional milk). 

 

3)  Storage study shows that there is increase in the 

shelflife of product under   the refrigeration temperature. ( 

Results of storage study) 

 

4) Gradual increase in nurtional value of  preparaed 

Product  have  the positive effect on sensory parameters , 

stability, consistency of the preapared milk.( Ref. Sensory 

evaluation of functional milk). 

 

5) Microbial analysis of  preparaed milk   shows that the 

improvement in the microbial quality of milk over the milk 

used.(Ref. Analysis of functional milk &  Analysis Of 

PHTM).   

 

6) There is increase in values of parameters like fat, SNF, 

protein, total solids over the milk used.( Ref. Analysis of 

functional milk). 

 

7)  Energy value of preparaed milk shows that the prepared 

prdouct is Rich source of energy.( Ref. Analysis of 

functional milk). 

 

V. CONCLUSION 

 

The conducted study suggests that ,pasteurized 

homogenized toned milk can effectively combined with 

different concentrations of medicinal plants like 
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lemongrass and spice like clove to produce a option for 

functional food having highly acceptable sensorial 

parameters ,nutritive value ,good shelf life and functional 

properties of better health. Commercialization of this 

study with market survey will add an innovation in dairy 

industry due to it’s high potential value and present 

lifestyle of human beings. 
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I. INTRODUCTION 

 

Chronic kidney disease (CKD) is associated with oxidative 

stress and systemic inflammation, which promote 

cardiovascular disease (CVD), the leading cause of 

morbidity and mortality in this population, mainly in 

hemodialysis (HD) patients [1]. Mechanisms involved in the 

inactivation of the oxidative stress and inflammation have 

been stressed for being considered promising approaches to 

minimize cardiovascular complications. Among several 

strategies that are being studied to reduce these 

complications, physical exercise (PE) could represent a new 

non-pharmacological approach [2]. In fact, Koufaki et al. [3] 

demonstrated that „some‟ physical activity compared to 

„none‟, leads to cardiovascular mortality risk reduction of up 

to 50%. Furthermore, CKD patients who performed 

exercises 2-5 times weekly have lower mortality compared 

to those practicing only once a week [4]. A recent study 

showed that nondialysis CKD patients had 26% higher risk 

for death when there was a reduction on 0.1 m/s in gait 

speed test [5]. In a cohort of 2837 dialysis patients, the 

mortality of those patients who declared to practice PE was 

5% compared to 11% in sedentary patients [6], Accordingly, 

epidemiological reports show that physical inactivity is an 

independent risk factor for development and progression of 

the rate of loss of kidney and cardiovascular function [3]. 

Recognizing this situation, several guidelines, including 

those of the Kidney Disease: Improving Global Outcomes 

(KDIGO) CKD clinical practice guideline [7], the National 

Kidney Foundation Kidney Disease Outcome Quality 

Initiative (K/DOQI) clinical practice guidelines [8], and the 

American College of Sports Medicine [9], recommend that 

patients with CKD practices regular PE, aiming for at least 

30 minutes 5 times/week [7]. Despite being increasingly 

highlighted, PE is not yet routinely recommended by renal 

multidisciplinary care teams, regardless of meriting early 

intervention for optimum disease prevention and 

management [3]. In an attempt to improve PE adoption and 

adherence, a range of exercise programs have been 

developed for CKD patients, such as aerobic exercise, 

resistance exercise, and combined aerobic and resistance 

exercise; moreover several investigators have prescribed 

exercise training during routine HD treatment (intradialytic 

PE) [10-14]. A notable quantity of research has been 

conducted on PE in CKD patients, being the aerobic exercise 

the most studied, such as cycle ergometer or bicycle training 

[2]. These exercise programs vary according, intensity, 

duration and the use of different exercise frequencies; 

however, all of them have stressed the importance of a 

consistent practice of training between two or three times a 

week with moderate or vigorous intensity for 30 minutes or 

more [10]. The resistance exercise programs consist in 

progressive resistance training of upper extremity 

strengthening with free-weight dumbbells, lower extremity 

strengthening with weighted ankle cuffs, or use of the Thera-

band stretch strap and other specific progressive resistance 

training for shoulders, hip, and abdominal musculature [10]. 

Regular PE seems to improve physical capacity, muscle 

strength, cardiovascular function, and health-related quality of 

life, including benefits on depressive symptoms, which may 

reduce mortality and hospitalization in CKD patients 

[10,11,15]. According to Seong [10] no studies in CKD 

patients have been carried out to establish the impact of 

exercise on cardiovascular outcomes, even so, a few studies 

have examined the effects of PE on potential mediators of 

cardiovascular risk, such as oxidative stress. This mediator 

results from an imbalance between reactive oxygen species 

production and insufficient endogenous antioxidant defense 

mechanisms. As follows, oxidative stress promotes the 

activation of factors that induce the inflammatory processes, 

establishing a vicious cycle. This mechanism is directly 

related to the increased risk of developing CVD in CKD 

patients [2]. Although chronic PE can improve oxidative stress 

and inflammation in HD patients [12-14], acute PE seems to 

exacerbate them [2,16]. Gordon et al. [12] described that 

oxidative stress markers decreased after 4 months of Hatha 

yoga training in HD patients. Wilund et al. [13] examined the 

effects of 4 months of intradialytic exercise training (cycling) 

and also observed that this exercise may improve CVD risk by 

decreasing novel risk factors including oxidative stress 

markers. Furthermore, previous results from our research 

group [14] showed that chronic resistance exercise (during 6 

months) exerted anti-inflammatory effects in HD patients. 
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In a recent study our research group assessed the effect of 

acute intradialytic strength PE and demonstrated that acute 

exercise was unable to reduce oxidative stress and 

inflammation, and in addition, it seems that reduced plasma 

SOD levels may exacerbate oxidative stress in these patients 

[2]. A previous study conducted by Fatouros et al. [16] 

examined the effects of acute aerobic PE and also observed 

an increase of oxidative stress markers in HD patients, 

probably due to diminished antioxidant defense. Overall, is 

PE beneficial to patients with CKD, mainly in HD? The 

answer is “yes”. Regular PE leads to increased physical 

capacity, muscle strength, cardiovascular function, 

improved health-related quality of life, and decreased 

morbidity and mortality without decreasing renal function in 

this population. Aerobic PE is the most common form of 

training in CKD patients and seems to be effective in 

improving CKD complications; however, resistance exercise 

may also be an alternative. Not only is the nature of exercise 

important, but also the duration of intervention and the 

frequency and intensity of sessions are crucial points to be 

discussed 
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Abstract— Salmonellosis and Escherichia coli infection is a major public health concern both in developed and developing 

countries. The use of antimicrobial therapy is the main mode of treatment for infections caused by E.coli and Salmonella spp . The 

majority of these infections are associated with the consumption of products such as poultry, meat, water, vegetables, eggs, milk, 

seafood, and fresh produce contaminated with Salmonella and E.coli. The objective of this study was to check the prevalence of 

antibiotic resistant E.coli and Salmonella spp from freshly cut raw poultry meat and to know the antimicrobial sensitivity pattern 

of these isolates to common antibiotics. Total number of 50 retail poultry meat  samples was studied from different locations across 

Mumbai. All samples were randomly selected from each ward and all the samples were found to be contaminated with E. coli and 

Salmonella spp. Out of 50 samples all of them showed the presence of E.coli and salmonella .103 E.coli isolates and 282 Salmonella 

isolates were identified. The E. coli and Salmonella isolates were found to be resistant to multiple antibiotics including Ampicillin, 

Gentamicin, Vancomycin, Tobramycin, Streptomycin, Ciprofloxacin and Ceftriaxone. Using the CLSI 2015 breakpoints for disc 

diffusion, 0.97% (1/103) E.coli isolates and 1.42% (4/282) Salmonella isolates were  intermediately resistant to Ceftriaxone and the 

remaining isolates were resistant to all the other  antibiotics used in the study. This study highlights the urgent need for 

surveillance and check on the rapid spread of antibiotic resistance via the food borne pathogen route to the human population. 

 

Key words: Antibiotic resistance, E.coli, raw poultry, Salmonella. 

  

I. INTRODUCTION 

 

According to the WHO, E. coli and Salmonella are the 

most common and frequent pathogens responsible for 

food poisoning and food related infections and 

Escherichia coli alone is responsible for 25% of the infant 

diarrhoea in developing countries .E. coli O157:H7 as an 

important cause of bacterial diarrhoea, and that the 

spectrum of illnesses caused by this pathogen include 

asymptomatic carriage, nonbloody diarrhoea, 

haemorrahgic colitis, thrombotic thrombocytopenic 

purpura, and hemolytic uremic syndrome[1].Also an 

E.coli O157:H7 outbreak resulted in 21 people 

hospitalized and 3 cases of hemolytic uremic syndrome 

(HUS) and illness in at least 61 persons [2].E.coli inhabit 

the gut of human and animal, also it is common flora of 

the gut and voided in faeces and also remain viable for 

few days into the environment and therefore could be 

used as an indicator for recent faecal contamination of 

food products. Studies have soon some modes which 

could transmit E. coli O157:H7 to humans may include 

direct or indirect association with cattle and bovine 

derived vehicles include raw milk, cheese and butter [3], 

unpasteurized milk. Produce items associated with 

outbreaks include spinach, lettuces, apple cider and juice,  

 

coleslaw, and sprouts [3] both drinking water and 

recreational waters have been the sources of E. coli 

O157:H7 that caused human illness outbreaks [4]. E. coli 

O157:H7 outbreak has also been associated with restaurant 

that ground locallyproduced beef for hamburgers on site 

[5]. Salmonella is among the leading cause of food borne 

illness a Salmonellae can enter and survive in the farm 

environment for long periods of time. Prevalence of 

Salmonella spps in the environment of farm ranges from 

10 to 26% and presence of Salmonella in feed and feed 

ingredients is also highlighted into recent studies. 

However, very low levels of Salmonella have been 

obtained from drinking water samples from broiler farms. 

Conversely, recovery of Salmonella was easily 

accomplished in samples from standing water where the 

bacteria can persist in biofilm formation. Shell eggs are a 

most common vehicle for S. enteritidis in humans leading 

to Salmonellosis a major outbreak occurred in 1994 where 

it was reported that previously carried S. enteritidis 

contaminated liquid eggs cause the cross contamination of 

ice-cream[6].Serovar Enteritidis is known to be very well 

adapted to the hen house environment, the bird, and the 

egg. Most commonly, hens are infected with S. enteritidis 

by vertical transmission and through transovarian infection 

eggs may become contaminated. Due to the rapid and 
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widespread emergence of S. typhi serotypes with 

resistance to multiple antibiotics and also changing modes 

of bacterial presentation, typhoid fever is becoming one of 

the increasingly difficult to diagnose and treat 

parasite[7].The emergence of multidrug-resistant strains 

of S. typhi and E. coli has made it necessary to develop 

more effective antibiotics and vaccines  . However despite 

recent advances in antibiotics research a lot more needs to 

be done to mitigate the antibiotics problem with better 

understanding and surveillance. Studies world over 

indicate  a need of continuous surveillance and sharing of 

antimicrobial susceptibility data for Salmonella and E. 

coli among countries worldwide since the organism has 

been gaining resistance at a higher rate also to ensure the 

effectiveness of control programmes. 

 

II. MATERIALS AND METHODS: 

 

All media and  Antibiotic discs used in the study were 

obtained from Hi media laboratories ,Mumbai, India and 

the chemicals used in the study were of analytical grade 

obtained from local manufacturers.  

a. Sampling: A total of 50 samples of freshly cut 

chicken was collected aseptically from the local poultry 

shops across Mumbai city ,Maharashtra , India. 

Approximately 50 grams of chicken samples was 

collected into a sterile plastic container and was 

transported to laboratory in an ice box container and was 

processed within 2 hours of collection. 

b. Total plate count : The total plate count of the 

chicken samples were carried out as soon as the arrived in 

the laboratory using plate count agar by serial dilution 

methods  

   c . Isolation of Salmonella: Salmonella was isolated by 

the conventional method recommended by FDA and 

Andrew 1996. The pre enrichment was carried out by 

inoculating 25 gm of chicken in 225 ml of peptone water 

and was incubated for 37°C for 24 hours. For enrichment 

of salmonella 1 ml of the pre enrichment broth was 

inoculated into 9 ml of selenite cystine broth aseptically 

and was incubated at 37°C/24 hours. Then a loopful of the 

enrichment media as streaked onto the XLD (xylose 

lysine deoxycholate agar) plates in duplicate incubated at 

37°C for 24 hours .Suspected colonies of Salmonella 

(minimum of five to eight colonies) from each selective 

agar plate were subjected to biochemical tests  which 

includes catalase test, TSIA (triple sugar iron agar test), 

citrate test confirmation  antimicrobial sensitivity was 

performed . 

d. Isolation of E.coli:  For the enrichment of E.coli 1 ml of 

the pre enrichment broth was inoculated into 9 ml of 

MacConkey broth aseptically and was incubated at 

37°C/24 hours. After incubation a loopful of the 

MacConkey broth culture was streaked on MacConkey 

agar plates in duplicate and as incubated at 37°C for 24 

hours. Pink colonies obtained after incubation (minimum 

of five to 8 colonies) on the MacConkey agar plates  was 

then subjected to biochemical tesst IMViC i.e. Indole 

,Methyl red, Vogues -Proskauer test, Citrate), TSIA (triple 

sugar iron agar test).After confirmed as  E.coli the isolates 

were subjected to antimicrobial susceptibility testing 

e. Antibiotic sensitivity: The antimicrobial susceptibility 

testing  was carried out using the Kirby-Bauer disk 

diffusion technique .The media used for testing was Muller 

Hinton (MH) agar. The antibiotics were placed aseptically 

on to the MH agar and were incubated at 37°C for 16-18 

hours and zone of inhibition around the antibiotics was 

measured. Clinical and Laboratory Standards Institute 

(CLSI) 2015 guidelines were used to interpret results 

[16].The following antibiotics were 

used:ampicillin(AMP,10mcg),vancomycin(VA,30mcg),ge

ntamicin(GEN,10mcg),ciprofloxacin(CIP,5mcg),rifampicia

(RIF,5mcg),tobramycin(TOB,10mcg),streptomycin(S,10m

cg),ceftriaxone(CTR,30mcg) antibiotics were 

manufactured by Himedia (Mumbai, India) 

 

III. RESULTS 

 

The total aerobic viable  counts obtained from samples 

across the different wards in the city ranged from log 

values 6.7  to 3.6per gram of sample .Indole positive E.coli 

isolates ranged from log values 2.30 to 1.2 and 

Salmonellae ranged from log values 2.47 to 1. As given in 

the Figure 1 and 2 below highest percentage  of antibiotic 

resistant  isolates were obtained from the eastern suburbs 

of Mumbai .  

 
Fig 1: Average antibiotic resistant Salmonella (%) 

isolates from different locations across Mumbai 

Figure 1 

 
Fig 2: Average antibiotic resistant E.coli (%) isolated 

from different locations across Mumbai 

Discussion :  A number of studies from different parts of 

the world including Thailand  (8) Qatar (9) Bangladesh (10 

)and northern India(11) have highlighted the prevalence of 
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antibiotic resistance in isolates of E.coli and Salmonella in 

poultry meat and other meats indicating unhygienic 

veterinary practices followed indicators of heavy load of 

antibiotics in poultry. Our results also corroborate these 

studies and highlight a crying need to address this 

important food safety issue. We found almost all isolates 

to be resistant to the antibiotics tested  0.97% (1/103) 

E.coli isolates and 1.42% (4/282) Salmonella isolates 

were  intermediately resistant to Ceftriaxone.  

 

IV. CONCLUSION 

 

The findings of our study provide evidence to suggest the 

existence of a reservoir of antibiotic resistance genes in  

poultry also infections with multidrug-resistant pathogens 

limit the options available to treat infectious disease of 

animals and humans. The high prevalence of multidrug-

resistant E.coli and Salmonella observed in this study, 

mainly suggests there is a need for creating awareness on 

judicious use of antibiotics , dosage pattern and also to 

improve education and communication on the issue of 

antibiotic use in various human and veterinary medicine. 

Finally, we hope that the results obtained will make a 

positive impact in the field of public health 
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Abstract— Presence of pathogen was found on raw chicken samples collected form retail poultry shops of Pune. To identify source 

of contamination, samples of hand swab, knife and cutting surface swab were also collected. Hardwood trunk which is used as 

cutting surface was found contaminated with E.coli and S.aureus in the range of log 3 to log 5. Unhygienic environment and poor 

cleaning practices were responsible for microbial load on this surface. Therefore this study was undertaken. Food grade and 

economical sanitizing agent was prepared using the mixture of salt and citric acid to provide effective cleaning. After portioning of 

chicken, this solution was spread on the overall surface and allowed to stand for 10 secs followed by scraping with Stainless Steel 

scraper to clean and remove traces of chicken pieces. The effectiveness of this sanitizer was checked by conducting a before and 

after swab analysis of the cutting surface. This spray was found effective to reduce E.coli and S.aureus counts by two log values. 

Hence maximum use of this sanitizing agent shall be promoted at retail level to maintain microbial quality of contact surfaces and 

to achieve microbial safety of raw chicken 
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Oil Addition in Food Waste Composition and 

Amount Biodegraded at Various Food Waste 

Loading    
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Abstract— Oil was added (20%) to the food waste composition used in this part of the study and the extent of biodegradation of 

food waste and oil was investigated.  The biological solubilization system was operated at different food waste loading (10, 20 and 

40 kg/m3/d) with the food waste containing 20% of oil.  At 10 kg/m3/d food waste loading, almost 50% of the total oil input was 

decomposed and even though food waste loading was increased, the amount of decomposed oil for each run remains the same (0.78 

kg/m3/d on the average).  Oil input of 1 kg/m3/d or lower is acceptable to the biological solubilization system and could result to 

total decomposition while increasing the oil loading beyond 1 kg/m3/d will not result to further oil decomposition.  The oil loading to 

the system was considerably high resulting to difficulty in achieving higher percentage of oil decomposition.  Thus, the system can 

probably lead to a higher rate and more efficient oil decomposition and waste mineralization when oil loading is reduced (1 kg/m3/d 

or lower). 
 

Key words: amount biodegraded, biological solubilization, food waste loading, oil 

 

 

INTRODUCTION 

 

Large amounts of food wastes generated from kitchens, 

restaurants and food industries is a growing concern 

especially in Japan.  Incineration and landfill of food wastes 

are conventional methods but are becoming inattractive due 

to problems on hazardous emissions and lack of space, 

respectively [1]-[3].  Thus, researches in trying to find the 

proper treatment technology for these wastes are 

continuously being undertaken.  Biodegradation has been one 

of the most attractive methods of treatment for food waste 

since aside from water content (about 80%), food waste is 

composed of biodegradable organic matter [4]-[6].  Other 

components of food wastes however, are not easily 

biodegraded.  This adds to the difficulty in finding the 

appropriate treatment procedure.  Oil for instance, is present 

in considerable amounts.  A study conducted by Minowa et 

al. [7] regarding the direct conversion of garbage (another 

term for food waste) to oil by thermochemical liquefaction 

proved that food wastes contain substantial amounts of oil.  

From the results of their findings, 27.6% (on an organic basis 

at certain conditions set for the operation) was the highest oil 

yield obtained.  Even with the application of on-site 

treatment technology, such as the use of garbage disposers or 

grinders, wastewater discharged from domestic and industrial 

sources after crushing food waste, often include lipid 

materials such as fats, oil and grease [8],[3],[9].  This 

therefore results to an increase in the organic loading in 

sewage systems and other operational disturbances including 

clogging of pipes due to deposition [10],[11]. 

 

The new food waste treatment technology, known as 

biological solubilization and mineralization system, 

introduced in our previous study [12], reduces the organic 

loading to sewage systems because food wastes are not only 

solubilized but part is mineralized prior to disposal as 

wastewater.  In this part of our study, various amounts of oil 

were incorporated in the food waste composition and using 

the new technology we proposed, we investigated the extent 

of biodegradation of food waste and oil. 

 

II.  MATERIALS AND METHODS 

 

A.  Food Waste Composition 

The food waste composition used in this part of the study, as 

listed in Table 1, was varied in such a way that 20 % of salad 

oil was added to the mixture. 

 

Table 1.  Composition of food waste used (Standard 

Garbage – SG) 
Components Composition  

(% w/w – wet basis) 

Vegetables Cabbage 14 

Carrot 14 

Fruits Apple 11 

Banana 13 

Meat Fried Chicken 8 

Others Rice 8 

Egg 8 

Used Tea Leaves 3 

 Oil 20 

Total 100 
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B.  Support Media and Microorganisms 

Similar to the previous experiments done, rice hulls were 

used as support media in this set of experiments.  Activated 

carbon pellets (130 g) and solid activated sludge (200 g) were 

also used to inoculate the reactor contents prior to operation. 

 

C.  Sampling and Analyses 

Effluent samples were collected periodically and subjected to 

various analyses.  Dissolved organic carbon (DOC), 

suspended solids (SS), carbon content, nitrogen content and 

oil analyses were done for all the samples obtained.   

 

The amount of oil and grease extracted was calculated using 

equation 1. 

 
mg oil and grease/L = (A – B)   x  1000   (1)

                             sample volume (mL) 

 

whereA  =  total gain in weight of the tared flask 

 B  =  calculated residue from solvent blank 

 

Daily monitoring of the weight of reactors were also done.  

All the analyses were done according to Standard Methods 

(APHA-AWWA-WPCF, 1989). 

 

D.  Operating Conditions 

The operating conditions set for this part of the study are 

listed in Table 2.  Only the food waste loading was varied to 

determine the extent of biodegradation of oil as well as 

waste. 

 

Table 2.  Operating conditions of the runs 

CONDITIONS RUN 1 

 

RUN 2 RUN 3 

Food Waste 

Loading (kg/m
3
/d) 

 

10.0 

 

20.0 

 

40.0 

Water Supply 

Volume (L/h) 

 

7.0 

 

7.0 

 

7.0 

Water Supply 

Frequency 

(times/h) 

 

2 

 

2 

 

2 

 

III.  RESULTS AND DISCUSSION 

 

A.  DOC and SS in effluent 

 

Similar trends as of the previous experiments were obtained 

for the DOC and SS analyses done.  For the first few hours 

after feeding food waste into the reactors, concentrations 

increased and started decreasing until the values leveled off 

after twelve hours.  This trend has been observed in all the 

experiments (previous and current) performed.  An increase 

in the DOC concentration in the beginning signifies the 

dissolution of the soluble components of the waste and 

leveling off implies that most of the waste had been 

solubilized.  For SS however, since the waste was just fed to 

the reactors at the start, there was large amount of SS 

produced from solubilization, and as the waste was 

solubilized, SS concentrations became constant.  It can be 

observed from Figure 1 that as the food waste loading 

increases, the DOC concentrations in effluent also increase.  

The same behavior was observed for SS as shown in Figure 

2.  Doubling the food waste loading also doubles the DOC 

and SS concentrations.  There is a direct relationship between 

time and DOC or SS concentrations. 
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Figure 1.  DOC concentrations within 24 hours after 

feeding food wastes into reactors 
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Figure 2.  SS concentrations within 24 hours after feeding 

food wastes into reactors 

 

B.  Oil Concentrations in Effluent (n-Hexane extracts) 

 

The concentrations of n-hexane extracts are shown in Figure 

3.  Increase in food waste loading increase the concentration 

of n-hexane extracts in effluent.  This observation is just 

reasonable since the percentage of oil added to food waste 

also increased.  It can be observed however, that beyond the 

food waste loading of 10.0 kg/m3/d, the concentrations of n-

hexane extracts determined were fluctuating.  At a loading 

rate of 10.0 kg/m3/d, the concentrations are stable. 
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Figure 3.  N-hexane extracts concentrations within 24 

hours after feeding food wastes into reactors 

 

 

C.  Carbon Mass Balance 

 

The distribution of carbon in each run was determined by 

carbon balance.  The results of the calculations were plotted 

and are shown in Figures 4a and 4b.  It can be observed that 

almost the same percentages of carbon in SS and DOC (about 

20 and 10%, respectively) resulted for all runs (run 1 to 3).  

On the other hand, the percentage of carbon in oil calculated 

for the runs ranged from 38% to 62% while that converted to 

inorganic carbon (carbon in CO2) ranged from 15% to 40%.  

It is very apparent that the increase in food waste loading 

decreased the percentage of mineralization in the system.  

The difference among the runs performed lies on the amount 

of carbon in oil or amount of carbon in CO2 and not on the 

concentration of organics (DOC and SS) in effluent. 

 

0% 20% 40% 60% 80% 100%

% Carbon
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C in Oil DOC C in SS C in CO2

 
 

Figure 4a.  Carbon balance (percentage of carbon 

distribution) 

 

 

 

 

 

 

 
Figure 4b.  Carbon balance (actual amount of carbon 

distribution) 

 

Upon determining the amount of decomposed oil in each of 

the runs, the results were compared.  Figure 5 shows the n-

hexane extracts concentration in effluent.  It can be observed 

that at 10 kg/m3/d food waste loading, about 50% of the total 

oil input was decomposed.  It is evident that regardless of the 

food waste loading, the amount of decomposed oil for each 

run remains the same (0.78 kg/m3/d on the average).  With 

the results obtained, it was found out that beyond 10 kg/m3/d 

food waste loading (containing 20% of oil equivalent to 2 

kg/m3/d), the same amount of oil decomposition resulted.  

This implies that beyond 2 kg/m3/d loading of oil to the 

system, no further oil decomposition will occur.  Almost 50% 

of the total oil input of 2 kg/m3/d was decomposed.  This 

suggests that 1 kg/m3/d of oil was decomposed.  Thus, this 

loading of oil (1 kg/m3/d or lower) to the system will result 

to total decomposition and is acceptable in the system.  The 

oil loading to the system (20% of food waste composition) 

could have been high causing difficulty in attaining higher 

percentage of oil decomposition.  In addition, since it was 

found out that excess oil in food waste could inhibit the 

biodegradation [8], this could have contributed to the 

obtained percentages of conversion of carbon to CO2 (15% 

to 40%).  Lowering the oil loading to the system could 

probably lead to a higher rate and more efficient oil 

decomposition and waste mineralization.  Thus, through the 

biological solubilization system, oil input of 1 kg/m3/d or 

lower could result to total decomposition. 
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Figure 5.  Amount of oil decomposed at different food waste 

loading 

 

 

IV.  CONCLUSIONS 

 

The biological solubilization system was operated at different 

food waste loading (10, 20 and 40 kg/m3/d) with the food 

waste containing 20% of oil.  At 10 kg/m3/d food waste 

loading, almost 50% of the total oil input was decomposed 

and even though food waste loading was increased, the 

amount of decomposed oil for each run remains the same 

(0.78 kg/m3/d on the average).  Thus, through the biological 

solubilization system, oil input of 1 kg/m3/d or lower is 

acceptable to the system and could result to total 

decomposition.  Meanwhile, increasing the oil loading 

beyond 1 kg/m3/d will not result to further oil 

decomposition.  Difficulty in achieving higher percentage of 

oil decomposition may be due to the high oil loading to the 

system.  Thus, the system can probably lead to a higher rate 

and more efficient oil decomposition and waste 

mineralization when oil loading is reduced (1 kg/m3/d or 

lower). 
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Abstract— An eating disorder is an illness that is characterized by irregular eating and it includes inadequate or excessive food 

intake which can ultimately damage an individual’s well-being. The most common forms of eating disorders include Anorexia 

Nervosa and Bulimia Nervosa, that affect both females and males. Anorexia Nervosa is a psychological and potentially life-

threatening eating disorder. It is defined by the persistent restriction of energy, protein, vitamin and minerals intake. However, 

Bulimia Nervosa is described by the ingestion of an abnormally large amount of food in short time period, followed by an attempt 

to avoid gaining weight by purging. Hydrogel has been investigated as a carrier for transdermal drug delivery system. Hydrogel act 

as transdermal penetration enhancers for many pharmaceutically active molecules, but choice for selecting transdermal drug 

carrier depend on several factors such as type of ingredients and physic-chemical properties of the active components. Hydrogel 

microstructure is strongly affected by condition such as temperature, nature of its chemical components, additives, amount of 

water, and time. Also, stability of physio- chemically unstable pharmaceutically active molecules is an area of concern in dose form. 

We selected gelatin based semi interpenetrating hydrogel patch for transdermal delivery of vitamin D and E as hydrophobic and 

Folic acid as hydrophilic vitamin as model in combination with sucrose, calcium, potassium and zinc salts. 0.1 M Phosphate buffer 

(pH 7.4) was   used to prepared water- in-oil and oil-in water olive oil-lecithin based microemulsion. Skin flux of vitamin and 

miners were determined using mice skin as model using Keshry Chine diffusion cell. Skin flux of Vitamin D3 and E was 8.6 µg/ 

cm2/h and 7.1 µg/cm2/h, respectively, for six hrs study time where as skin flux for folic acid 13.3 µg/cm2/h. 
 

Key words: Transdermal, Vitamin D, hydrogel, Vitamin E, Folic acid. 

 

INTRODUCTION 

 

An eating disorder is an illness that is characterized by 

irregular eating and it includes inadequate or excessive food 

intake which can ultimately damage an individual‟s well-

being. The most common forms of eating disorders include 

Anorexia Nervosa and Bulimia Nervosa,that affect both 

females and males. Anorexia Nervosa is a psychological and 

potentially life-threatening eating disorder. It is defined by 

the persistent restriction of energy, protein, vitamin and 

minerals intake [1-3]. However, Bulimia Nervosa is 

described by the ingestion of an abnormally large amount of 

food in short time period, followed by an attempt to avoid 

gaining weight by purging. In both cases, patient highly 

malnourish[4-5]. Therefore, it is necessary to deliver 

nutrition through alternative route.  

 Delivery of foreign molecules through skin under control 

route is called transdermal delivery system (TDS)[6-10].  

Using skin as a gateway for delivery is a non-invasive 

method of drug administration for local release of 

pharmaceutically active molecules because it avoids the 

variability in rates of adsorption and metabolism encountered 

in oral treatment [11].  However, stratum corneum layer of 

the skin act as barrier and act as the first defense system 

against the entry of external agents which remarkably limits 

the applicability of transdermal delivery system. Hydrogel 

act as transdermal penetration enhancers for many 

pharmaceutically active molecules, but choice for selecting 

transdermal drug carrier depend on several factors such as 

type of ingredients and physic-chemical properties of the 

active components [12]. Herein, we report the possibility of 

transdermal permeation of vitamin D3, E, and folic acid 

together by gelatin based hydrogel patch through hairless 

mice skin [13]. 

 

II EXPERIMENTS 

 

Materials: Gelatin (Ge) (Type B) and glutaraldehyde (25% 

AR), were obtained from Sigma chemical. Vitamin D3, K 

and folic acid purchase from local chemist. 

Hydrogel synthesis: Semi-interpenetrating polymer networks 

(IPNs) based gelatin which is cross-linked selectively with 

glutaraldehyde (3%) were synthesized and purified. Loading 

of vitamin D3, E, and folic acid in hydrogel were carried out 

the swelling of hydrogel azeotropic solution (phosphate 

buffer saline (PBS) 90%, ethanol 6 % and tetrahydrofurane 

4% v/v, pH 7.4) having known concentration of vitamin D3, 

E, and folic acid. Quantification of loading were calculated 
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by knowing the remaining concentration vitamin D3, E, and 

folic acid in solution.  

Preparation of skin sample. Male Swiss albino mice skins 

(20–25 g, 70–75 days old) were used for in-vitro permeation 

studies.  After approval from local ethical committee, 

animals were procured from central animal house facility of 

All India Institute of Medical Sciences (New Delhi, India) 

Animals had free access to pellet diet (Lipton India Ltd.) and 

water. Abdomen hairs of the mice were removed by applying 

hair remover cream (Annefrench, Geoffrey Manners & Co., 

India), 48 h before sacrificing by cervical dislocation. 

Subcutaneous fat and connective tissues were removed from 

intact skin prior to in-vitro study. 

In-vitro release kinetics. For in-vitro release study of vitamin 

D3, E, and folic acid together by gelatin based hydrogel 

patch through hairless mice skin., vertical Keshary & Chien 

diffusion cell was used (volume 22 ml and active area 3.2 

cm2). Epidermal layer was equilibrated with receiver 

compartment fluid consisting azeotropic solution (phosphate 

buffer saline (PBS) 90%, ethanol 6 % and tetrahydrofurane 

4% v/v, pH 7.4) for 45 min. Then after predetermined dose of 

hydrogel patch   was applied on skin. Receiver compartment 

was filled with azeotropic solution (Vitamin D 3, E and Folic 

acid were found to be highly soluble in receiver fluid) kept 

on continuous stirring at constant temperature 37 ± 0.5 oC 

with external circulation of water. For each experiment, 500 

µg each of Vitamin D3, E, and Folic acid was loaded in   1-

gram weight of hydrogel patch. Samples were collected at 

predetermined time, and volume of acceptor compartment 

was maintained with fresh solution. Quantification of 

Vitamin D 3 (405nm) , E (225 nm) and Folic acid (275 nm)  

in receiver compartment of Keshary & Chien diffusion was 

carried out by UV-vis spectrophotometer at using quartz cells 

with 1cm light path length [14-16]. 

Data Analysis. The steady state skin flux (Jss) of MTX was 

determined from Fick‟s law of diffusion (equation 1), and the 

permeability co-efficient (P) was calculated by using 

equation (2). 

Jss = (V /A)x (dC/dt)                (1) 

P = Jss CP -1                          (2) 

Whereas, Jss is the steady-state skin flux in mg.cm2/h, V is 

the volume in ml of receptor compartment, A is the active 

diffusion area in cm2, C and CP are the receptor and initial 

concentration of Vitamin D3, E and Folic acid, respectively, 

in mg/mL, and „t‟ is the time in hr. The steady state skin flux 

was calculated from the slope of the cumulative amount of of 

Vitamin D3, E and Folic acid in reviver compartment of 

diffusion cell versus time plot graph using linear regression 

method. A statistical analysis was performed using the 

Student‟s t-test. Six experiment  

 

 

 

 

III. RESULTS AND DISCUSSION 

 

Figure 1 shows release kinetics of Vitamin D3, E and Folic 

acid, respectively. Fig.1 a represent release kinetics of 

vitamin for control sample and Fig1b represent releases 

kinetics by using gelation patch as an enhance.  First 20 

minutes the release rate was reasonably slow, this may be due 

to homogenization of carrier in skin itself.  For six hr 

experiment, skin flux for folic acid is 13.3 µg/cm2/h which is 

33 time higher than control sample. Whereas, skin flux for 

vitamin D3 and E was 8.6 and 7.1 µg/cm2/h, respectively            

(Fig.2a) and Fig.2b shows permeability of Vitamin D 3 , E  

and Folic acid   through  hair less mice skin by gelatin patch  

.   This is owing to the interaction of amino group of gelatin 

patch and water molecules of hydrogel with stratum 

corneum, increasing the movement of the hydrocarbon chain 

of the intercellular lipid domains of the stratum corneum and 

the hydration of the skin, and perturbing its architecture. The 

extent of perturbation in the stratum corneum depends on the 

content of water, and as water content increases in stratum 

corneum, disordering of lipid layers‟ increases, which refers 

to an increase in motional freedom of the lipid hydrocarbon 

chain, the fluidity in stratum carenum of the skin along with 

diffusion of diffusion of molecules through the startum 

corneum [8,11-12]. Figure 1a and 2a show folic acid high 

skin flux than vitamin D3 and H, this is due to hydrophilic 

nature of folic acid.   

 
Fig.1 In-vitro release kinetics of Vitamin D 3 , E  and Folic 

acid   through  hair less mice skin (a) control sample (b) by 

gelatin patch. Data shows here is average of six 

experiments. 
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Fig.2 In-vitro release kinetics of Vitamin D 3 , E  and Folic 

acid   through  hair less mice skin by gelatin patch  (a) Skin 

Flux (b)  Permeability. Data shows here is average of six 

experiments 

 

IV CONCLUSION 

 

Based on experimental data we conclude that gelatin based 

semi interpenetrating hydrogel patch is effective transdermal 

or transdermal delivery of hydrophobic molecules such as 

vitamin D and E and hydrophilic folic acid through hairless 

mice skin.  
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Nutraceutical and therapeutic potential of 

Cyamopsis tetragonoloba: A Review    
 

[1]
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 Priya Kumari Jain 

Abstract— Cyamopsis tetragonoloba (L).Taub. commonly known as Guar belongs to family Fabaceae. It is a drought hardy, deep-

rooted, annual legume grown in India as a vegetable, fodder or green manure crop. It has evidenced hypocholesterolemic, anti-

ulcer, anticoagulant, hemolytic, antimicrobial, antiasthmatic, cytoprotective, anti-diabetic, anticholinergic, anti-inflammatory, 

reversible antifertility, antihelminthic and wound healing activity. It is considered to be a valuable source for food products. In 

pharmaceutical formulations, it has been used in colonic drug delivery and also as controlled-release carrier, as a binder in topical 

products and as a suspending, thickening and stabilizing agent. In the present investigation, this plant was found to be repository of 

various phytochemicals. Further, the plant showed promising antioxidant, hypoglycemic and hypolipidemic potential but did not 

demonstrate any antimicrobial efficacy. 
 

Key words: Antihelminthic, Cyamopsis tetragonoloba L., phytochemicals. 

 

INTRODUCTION 

 

Nature has been an origin of natural products since several 

decades and a huge quantity of contemporary drugs have 

been derived from natural sources. Many of these extracts 

were depended on the utilization of the agents in 

conventional medicine. Natural products systems continue to 

perform a vital part in health care, with about 80% of the 

world’s population depending for their fundamental health 

care (Owolabi et al., 2007). Over the hundreds of years, the 

consumption of medicinal plants has become an essential 

element of regular life despite the improvement in present 

pharmaceuticals and biomedical research. Around 3500 

medicinal flora are habitats of India. Our conventional 

systems of medicines, viz., Yunani, Siddha, Ayurveda and 

Homeopathy etc. have consumption of medicinal plants for 

therapy. In India, medicinal plants require minimum worth 

and secure health care remedies (Jain, 1968). Cyamopsis 

tetragonoloba (L).Taub. commonly known as Guar belongs 

to family Fabaceae. Guar is mainly grown in India, Pakistan, 

United States, and recently in China. It is native to the Indian 

subcontinent and crop is mainly grown in the dry habitats of 

Rajasthan, Haryana, Gujarat and Punjab (Anonymous, 2006). 

In addition to its major cultivation in India, guar is regarded 

as a cash crop in the southwest part of the United State, 

especially in Texas and Okladoma grown to limited extent in 

other parts of the world like Australia, Brazil and South 

Africa (Khare, 2004). Guar does not survive in a wild state 

and is considered to have originated from an African species 

imported to India as horse fodder by Arabian traders. It was 

turned into a gum-producing crop during the Second World 

War in the United States. Guar is a coarse, upright, bushy, 

drought-resistant, ranging from2-9 feet in height. There are 

both dwarf and tall cultivars. However, the plant morphology 

is highly variable. 

Taxonomical Classification  

Kingdom  : Plantae 

Unranked/Clade        : Angiosperms 

Unranked  : Eudicots 

Unranked  : Rosids 

Order   : Fabales 

Family   : Fabaceae 

Genus   : Cyamopsis 

Species   : tetragonoloba 

Synonym  :  Cyamopsis psoralioides 

Vernacular Name: Sanskrit - Bakuchi, dridhabija, 

gorakshaphalini, gorani; Hindi - Gowar, guar; Gujrati – 

Guwar; Marathi - Bavachi, gowar; Tamil - Kothaveray; 

Telgu.- Gorchikudu; Kanad - Gorikayi; Panjabi - Kulti, guar, 

kuwara; English - Cluster bean (Rowe et al., 2009). 

Phytochemistry of Cyamopsis tetragonoloba 

Green pods: In low concentrations: β-carotene, vitamin E; in 

medium concentrations: iron, protein; in high concentrations: 

ascorbic acid, vitamins i.e. thiamine, riboflavin, niacin, 

carotene vitamin C, and folic acid (Bhosle and  Kothekar, 

2010). 

Seeds: Rich in proteins; gallic acid; carbohydrate; calcium; 

methionine; enzymes i.e. α-D galactosidase, exo-β-D-

mannanase; antitryptic agent; fatty acids i.e. plasmatic, 

stearic, arachidic, oleic, linoleic and linolenic acid; 

polyphenolics i.e. gallic, chlorogenic, caffeic and ellagic 

acids, gallotannins, kaempferol-3-glucoside, kaempferol-7-

glucoside-3-glycoside, kaempferol-3-rutinoside. Seed also 

contain galactomannan (Trease and Evans, 2006). 

Leaves: Saponins; polyphenols; Dried leaves: flavanoid tetra 

glycoside; tannin- condensed tannins gallic acid, gentisic, 

quercetin etc; calcium extremely high; leaves also contain 

Galactomannan (Sultana et al., 2012). 

Traditional Uses 
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Fruit - Removes biliousness i.e., used to treat night blindness 

(Anonymous, 2006). 

Seeds - Used in curing sprains, swellings and arthritis, as 

anti-oxidant, antibilious, laxatives and in polluting boiling, 

dry seeds trypsin inhibitor. Boiled seeds are used as poultice 

in plague, enlarged liver, head-swellings and swellings due to 

broken bones (Anonymous, 2006). 

It has also proven as a useful substitute for locust bean gum. 

It is mainly used as a bonding agent, hydrocolloid, 

emulsifier, stabilizer, gelling agent, soil natural thickener, 

stabilizer, natural fibre, flocculants and fracturing agent. In 

cold or hot water, guar gum diffuses and swells almost 

immediately to form a highly viscous thyrotrophic sol. 

Therapeutic uses of Cyamopsis tetragonoloba 

Turner et al., 1990 conducted a study on patients of 

hyperlipidaemia for duration of 6 weeks and concluded that 

LDL and plasma cholesterol levels of patients were seems to 

be low in comparison to controlled group. Takahashi et al., 

1993 reported an effect of partially hydrolysed guar gum on 

fecal outcome in disease patients for 4 week and found to be 

fecal weight and output frequency was more while pH was 

low. 

Antidiabetic potential of the petroleum ether extract of Guar 

gum in streptozotocin induced diabetic rats has been studied 

by Nasrya et al (2013). Antihypercholesterolaemic influence 

of dietary tender cluster beans in cholesterol fed rats has been 

reported by Pande et al., (2012). Antihyperglycemic and 

antihyperlipidemic effects of guar gum on streptozotocin 

induced diabetes in male rats have been reported by Saeed et 

al (2012). Changes in insulin and corticosterone levels may 

partly cause by the guar gum and low molecular weight 

pectin in rats has been reported by Grizarda et al (2001). 

Mukhtar et al., (2004) reported effect of aqueous extract of 

Cyamopsis tetragonoloba Linn. beans on blood glucose level 

in normal and alloxan-induced diabetic rats. Hypolipidemic 

effects of a guar gum and xanthan gum mixture in rats fed 

high sucrose diets have been described by Yamamoto (2001). 

Cyamopsis tetragonoloba showed marginal anti-

hyperglycemic effect on blood glucose level in normal fasted 

rats (Saeed et al., 2012). The effect of guar gum obtains from 

endosperm of the seeds on indexes of protein absorption and 

utilization was also investigated along with its anti-diabetic 

and hypocholesterolemic potential. In spite of fact that 

diabetes elevated blood lipids in all animals, guar gum diet 

significantly decreases serum concentration of cholesterol 

and triglycerides, furthermore, a concomitant increase in 

HDL-cholesterol with a substantial elevation of HDL/LDL 

cholesterol ratio was found. The gum promoted a general 

improvement in condition of diabetic rats, in body weight 

gain and indexes of protein absorption and utilization 

(Anonymous, 2006).  

The ethanol and aqueous extract of fruit and leaves exhibited 

significant anthelmintic activity but extracts from stem part 

were not effective against test worms (Singh and Devi, 

2016). 

 Anticoagulant activity of low-molecular-weight sulfated 

derivatives of galactomannan from Cyamopsis tetragonoloba 

(L.) seeds has been reported by Mestechkina et al., (2006). 

Guar extract inhibits acetylcholine induced contraction of 

isolated guinea pig ileum, suggesting anticholinergic activity 

(Badugu, 2012). Guar produced a marked cytoprotective 

effect against all the necrotizing agents used in the study. The 

extract not only increased the gastric wall mucus 

significantly but also restored the ethanol-induced depletion 

of non-protein sulfhydryl content in the glandular stomachs 

of rats (Rafatullah et al, 1994). Low molecular weighted 

sulfated derivatives of galactomannan from seeds of 

Cyamopsis tetragonoloba was tested for their anticoagulant 

effect by Hassan et al in 2010. 

 

II. CONCLUSION 

 

Guar has been widely studied and it seems to be the most 

commonly spreading in agricultural areas throughout the 

world. It possesses various biological activities starting from 

its various phytochemical contents. It offers many 

opportunities to investigate the various functions and 

prospects in pharmaceutical studies. It is believed that 

detailed information as presented in this review on its 

nutraceutical and various therapeutic potential of the extracts 

and the constituents might provide incentive for proper 

evaluation of the use of the plant in medicine. Further work, 

however, still needs to be carried to reveal the structure 

activity relationship of these active constituents. Outcome of 

the future research in the aforementioned areas will provide a 

convincing support for the future clinical uses of Cyamospis 

tetragonoloba in modern medicine. 
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