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ABSTRACT 

 

The purpose of this study was to determine the effect of drying methods and beheading of 

dried sardines on nutritional, microbial and sensory qualities. Fresh sardines from Lake 

Victoria were dried by three different solar drying methods (solar dryer, rack and ground). 

Dried sardine from each drying methods were divided in two portions (whole body and 

beheaded part). Analytical samples were analysed using AOAC and ISO standard methods 

for nutritional and microbial qualities. Both sardines body parts samples were subjected to 

sensory evaluation for Qualitative Descriptive Analysis and consumer liking using 1 – 9 

Hedonic scale. Results showed significant differences (p<0.05) in drying methods and 

body parts, with solar dried samples having a higher protein and fat content than rack and 

ground in all body parts. Ground dried samples had higher ash and moisture content than 

respective counterpart. There were no significant differences (p< 0.05) in drying methods 

on mineral composition, but there were significant differences (p< 0.05) in body parts with 

whole body having higher Potassium content 4852±052 mg/Kg DM than 2241.5±0.33 

mg/Kg DM in beheaded part. Moreover, the results showed that ground dried sample had 

higher microbial count than rack and solar dried samples, but there were no E. coli and S. 

aureus detected. Sensory evaluation results showed significant differences (p<0.05) in the 

mean intensity score in colour and sandiness attributes with solar dried samples having 

higher silver colour intensity value of 6.6±0.24 as compared to 5.9±0.42 in ground dried 

samples. However, the ground dried samples had higher sandiness intensity with value 

5.9±0.25 than rack and solar samples. Therefore, the findings suggest that samples dried 

using solar dryer have comparatively good nutritional value and quality followed by rack 

dried sardine.  
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CHAPTER ONE 

 

1.0 INTRODUCTION 

1.1 Background Information 

Sardines (Rastrineobola argentea) are among the most important fish species found in 

Lake Victoria Baniga et al. (2017). They are an important natural source of protein and 

other nutrients, which plays a crucial role in human nutrition and food supply across the 

globe, particularly among the low income society (Akinrotimi et al., 2015; Konyole et al., 

2012). Currently, sardines and other fish serve as animal protein needed for growth and 

development, improve health status (Nyarko et al., 2011), reduces child mortality  and 

improve maternal health, especially among the children and women who are more 

vulnerable to malnutrition in developing countries (Mlauzi and Mzengereza, 2017; Béné et 

al., 2016). They are also good source of long chain omega-3 polyunsaturated fatty acids 

(PUFAs), mineral and vitamins when eaten whole (Powell et al., 2017). The consumption 

of PUFAs is linked with development of brain and nervous tissue in infants and reduces 

incidence of coronary heart diseases (Khoddami et al., 2009). 

 

Despite  such health benefits postharvest handling and processing practices such as open 

drying on bare ground expose sardines to contamination and result in quality compromised 

(Nyarko et al., 2011; Mbunda, 2013; Isaacs, 2016; Baniga et al., 2017). In Tanzania it is a 

common practice to remove heads and intestines from sardines. This is because these parts 

have shown to contain sand, which normally contaminate sardines during drying. 

Consequently, removal of head before cooking at home to get rid of the sand is an 

inevitable common preparation technique inflicting both quantitative and qualitative 

sardine losses. Therefore, application of proper processing, handling and drying practices 

may reduce contamination and nutritional losses. 
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1.2 Problem Statement and Justification of the Study  

Sardines have a great potential in improving the nutritional status of the larger part of our 

population (Abdulkarim et al., 2017). It plays an important role in human diet due to its 

high nutritional value (Lynch et al., 2016). The demand and consumption of sardines are 

on the rise due to availability and low cost (Kirema, 2012). Unfortunately, subsequent 

preparation methods prior to cooking require thorough cleaning including removal of head 

and intestines of the sardines, though they may be consumed as whole which make them 

good source of not only protein but also minerals, fat and vitamins (Ogonda, 2014). The 

heads are removed due to the belief that they contain sand which contaminated during 

drying process which in turn leads to huge postharvest losses (Thomas, 2016). The heads 

and intestines part of sardines have been reported to be rich in protein, minerals and 

unsaturated fatty acids (Khoddami et al., 2009). 

 

Considering their importance of sardines, there is a need for investigating their nutritional 

value, microbial quality and consumer acceptability of dried sardines with or without their 

heads. There are some losses which normally neglected during head removal which can no 

longer be neglected at all by people especially in developing country such as Tanzania 

which is constantly suffering from rampant malnutrition and food insecurity due to loses 

occurred before consumption (Powell et al., 2017). 

 

Despite of adequate literature review, information on the effect of beheading on the 

nutritional, microbiological and sensory quality of dried sardines is limited. Therefore this 

study will be conducted to seek the missing information of beheading and whole body of 

dried sardines. The obtained information will serve as a basis for development and advice 

of proper postharvest handling, processing method and proper pre- cooking methods. 
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Furthermore, the information will serve as basis for reducing the nutritional loss and 

enhance food security in community. 

 

1.3 Study Objectives 

1.3.1 Overall objective  

The overall objective of this study was to determine the effect of drying methods and 

beheading of dried sardines on nutritional, microbiological and sensory qualities. 

 

1.3.2 The specific objectives of the study  

i. To determine the effect of drying methods and beheading of dried sardines on 

proximate and mineral analyses. 

ii. To determine the effect of drying methods and beheading of dried sardines on 

microbial quality.  

iii. To determine the effect of drying methods and beheading of dried sardines on 

sensory profile and acceptability. 
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CHAPTER TWO 

 

2.0 GENERAL LITERATURE REVIEW 

2.1 Description of Sardines Used in this Study 

2.1.1 Sardine  

Silver cyprinid/sardines (Rastrineobola argentea) and other fishes are mainly consumed  

as fresh or traditionally processed in smoked, sun-dried and salted-sun dried products in 

Tanzania (Baniga et al., 2017). The contribution of sardines and other fish to exports is 

low. This is the result of a combination of factors including the absorption of fish 

production by local markets and poor quality control systems that make it difficult to meet 

international export standards. However, some few are exported to Kenya, European 

countries, United Arab Emirates (UAE) (Breuil and Grima, 2014). 

 

2.1.2 Nutritional and health benefits 

Fish including sardines are an important food of excellent nutritive value (Pelagic et al., 

2010). It provides high quality protein content ranging from 19.1 - 21.8% and lipid from 

4.4 - 7.8 % (Oganda et al., 2014; Legros and Luomba, 2011), essential free fatty acids, 

vitamins A, B, D and a variety of minerals such as calcium, potassium, phosphorus, iron, 

copper and iodine (Pelagic et al., 2010). According to Robert et al. (2014) sardines has 

high content of  Omega-3 Polyunsaturated Fatty Acids (PUFAs),which  has great benefits 

to health since is related to their different contributions to the prevention or promotion of 

coronary heart diseases. They can be used as an essential ingredient in compliment food 

for infants, lactating women and young children. For this reason Kanyole et al. (2012) 

reported that, sardines has been used in preparation of complementary foods in some 

Kenyan communities, with a good  acceptability and tolerance of such foods among 

infants and young children, as well as their caretakers. 
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2.1.3 Post harvest losses 

Post-harvest of sardines losses occur at any stages of the distribution chain from capture to 

consumption. It has been of a great concern for development practitioners who wish to 

improve the livelihoods of fishers, processors and traders, and the contribution of fish to 

food security (Ibengwe and Kristófersson, 2012). Most fishermen do not care about food 

safety practices of the product thus; bad handling practices cause contamination of 

sardine’s product by both physical, chemical and biological such as sand and 

environmental microorganisms, which in turn lead to huge post-harvest losses (Thomas, 

2016).  

 

2.1.4 Sardine processing methods 

The fishermen and other processors are processing sardines as a means of preservation. 

They use different processing methods such as sun-drying, solar drying, deep frying and 

hot smoking (Onyango et al., 2015). Other method includes cooking and milling into fish 

powder and using it as an ingredient of health foods (Kirema, 2012). Sardines processing 

provide important nutrients availability, for example, studies have shown that the use of 

spices and salt, including smoke-drying to preserve sardines fish, are well documented 

(George, 2006). Spicing, salting and smoking of fish are the main factors that contribute to 

the relish, antimicrobial activity, improved sensory quality and shelf life in sardines. 

 

2.1.5 Sardine contamination 

After harvested, sardines were transported, handled, stored, processed and preserved by 

different methods including, sun-drying on sand, on grasses, on rocks, on old fishing nets 

placed on the beach sand and on racks (Ibengwe and Kristofersson, 2012). Some of these 

methods are subjected to contamination by biological, chemical and physical (Baniga et 

al., 2017). Drying on raised racks, solar drier are preservation method that prevents 
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contamination with sand particles and other physical hazards and reduces microbial 

contamination. In most cases sardines are dried directly on sand along the beaches with 

high risk of physical and microbial hazards contamination (Baniga et al., 2017; Ibengwe 

and Kristofersson, 2012) leads to removal of head prior to cooking. 

 

2.1.6 Proximate composition analysis for food macronutrient content determination 

in dried sardine 

Proximate analysis involves the method for quantitative analysis of different 

macronutrients in food; it is based on the Weende analysis that was developed in 1860 by 

Henneberg and Stohmann in Germany. It is not a nutrient analysis rather it is a partitioning 

of both nutrients and non-nutrients into categories based on common chemical properties 

(Abdulazeez et al., 2013). It involves partitioning of compounds in a food into six 

categories based on the chemical properties of the compounds. These include; moisture, 

ash, crude protein, crude lipid, crude fibre and nitrogen free extract (digestible 

carbohydrates) (Ogonda et al., 2014). 

 

Proximate analysis of dried sardines focuses on the moisture content, fat, protein and ash 

contents. Carbohydrates and non-protein compounds are present in negligible amount and 

are usually ignored for routine analysis in fish (Cui and Wootton, 1988). However, it has 

been determined that sardines are rich in proteins with amino acid composition that is well 

suited for human dietary requirements (Ogonda et. al, 2014). 

 

2.1.7 Mineral analysis and importance of trace elements in fish 

Minerals in food are usually considered trace elements and are mostly not required in large 

quantities in the body. Their main importance is that they act as cofactors for enzymatic 

activities, for example nickel which is a cofactor for enzyme urease or magnesium that is a 



10 
 

cofactor for hexokinase enzyme in bacteria (Nair, 2008). Magnesium and potassium are 

involved in action potential within the body and sodium is important for maintenance of 

cell structure, calcium plays an important role in muscle contractions, strengthen bones 

and iron is an important component of haemoglobin (Crisler et al., 2012). Different 

entities within an environment have differing mineral concentration of different elements. 

To be able to determine the mineral content of an entity and then its mineral composition 

studies can be performed on food, soil, water and even animal feeds (Tang et al., 2015). 

Several fish species also have been investigated for the presence of minerals such as 

catfish, sardines, arius maculate and many other fish and some of the mineral elements 

identified include calcium, magnesium, iron, sodium and zinc (Tenyang et al., 2014). 

 

2.1.8 Sensory evaluation 

Sensometric is one of the important component of sensory science as it used for analysis 

sensory data, interpretation and presentation of sensory findings perceived through the 

senses of sight, smell, touch, taste and hearing. The sensory evaluation can be divided into 

two categories as objective and subjective. In objective testing, the sensory attributes of a 

product are evaluated by a trained panel. In subjective testing, the reactions of consumers 

to the sensory properties of products are measured. Quantitative descriptive analysis is a 

standard sensory tool that has an important role in research and product development. 

When performing descriptive analysis a panel of assessors rates for each tested product the 

perceived intensity of defined attributes on scales. For a sensory panel to produce reliable 

data it is required that a consensus has been obtained prior to analysis regarding 

identification and perceived intensity of sensory characteristics of products (Tomic et al., 

2013).  
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For this to be fulfilled training is required as well as monitoring of the panel’s 

performance. This is done in order to capture the variance in the ability of individual 

assessors to reproduce judgments, to compare individuals with one another and with the 

panel mean, and to test the ability of the panel overall to discriminate between the sensory 

differences in a set of products attributes. Based on aspects of assessor and panel 

performance as for agreement, repeatability, ranking, discrimination of the product and 

reproducibility of statistical results (Emmanuel et al., 2012). 

 

 In subjective testing, the reactions of consumers to the sensory properties of products are 

used in product development and market research of the products. The hedonic responses 

of consumers were largely confined to finding out what ordinary consumers think about 

fish products on likes and dislikes. 

 

2.1.9 Sensory quality of fish 

The term quality in fish refers to the aesthetic appearance and freshness or degree of 

spoilage which the fish has undergone. It may also involves safety aspects which 

influences  the degree of various physical, chemical, biochemical and microbiological 

changes occurring post mortem in fish (Olafsdottir, 2004). In monitoring of the quality of 

fish in the in food industry and daily life consumption. Sensory assessment has always 

played a key role in quality and freshness evaluation in sardines and fish products. 

 

The various sensory characteristics, such as outer appearance, odour, texture, smell and 

colour are still very important in quality control. Parameters related to origin, handling and 

defects are also considered important in the quality systems in the fish processing industry. 

It implies more than just how the fish looks. It involves more than how good the fish is to 

eat. Eating quality is perhaps the most important component of overall quality and is a 
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greatly influenced by how well the fish is kept and defects that have occurred during 

handling and processing. 
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Abstract 

In this study, the effect of drying method and beheading on nutritional and microbial 

quality of dried sardines was assessed. Fresh sardine samples were purchased from 

fishermen and dried using three different methods i.e. solar dryer, rack and direct on bare 

ground for 10 hours. The dried samples were subjected into proximate, mineral and 

microbial composition using Randomized complete block research design with drying 

methods and different body parts serving as main principal factors. Results showed 

significant differences (p<0.05) in all parameters assessed between drying methods and 

body parts, with solar dried samples having higher protein 31.4-35.1 g/100 g DM and fat 

5.8-6.7 g/ 100 g DM contents than ground 22.4-27.1 g/ 100 g DM, 4.1-5.7 g/ 100 g DM 

for whole body and beheaded sardines respectively. Ground dried samples had higher ash 

13.2-17.4 g/100 g DM and moisture 13.1-14.7 g/ 100 g DM contents than respective 

counterpart. There were no significant differences (p>0.05) in drying methods interns of 

mineral composition, but there were significant differences (p< 0.05) in chemical 

composition in different body parts with whole body having higher Potassium content 

4852±052 mg/Kg DM than beheaded part 2241.5±0.33 mg/Kg DM. The results on 

microbial quality showed that ground dried sample had higher Total plate count and 

coliforms colony count in all body parts than rack and solar dried samples, but there were 

no E. coli and S. aureus detected. Among the drying methods solar and rack dried sample 

showed relatively close relationship in quality attributes than ground dried samples. In 

conclusion solar drying method has significant effect on quality characteristics of dried 

sardines and seems to be an appropriate technology for high product quality and overall 

sardine’s postharvest loss reduction in the country. 
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3.1 Introduction 

Sardines are freshwater fish which comprise of about 44% of total catch fish in Lake 

Victoria (Oduor-Odote et al., 2010). The dried form of this fish is the most spread 

commodity and can be sold in small portions to meet needs of both rural and urban people 

in Tanzania (Baniga et al., 2017). They are important food of excellent nutritive value 

providing high quality protein content ranging from 19.1 - 21.8% and lipid (4.4 - 7.8 %) 

(Pelagic et al., 2010: Oganda et al., 2014; Legros and Luomba, 2011). They also contain 

essential free fatty acids, vitamins and minerals (Pelagic et al., 2010; Robert et al., 2014). 

Sardines have high content of Omega-3 Polyunsaturated Fatty Acids (PUFAs), which have 

great benefits to health, preventing coronary heart diseases (Kanyole et al., 2012). 

  

Drying of sardines have been done using a number of techniques varying from traditional 

to modern (improved) methods based on the end product and quality requirement. Sun 

drying is the most common traditional drying method in Tanzania. This involve spreading 

of sardines on the ground near lake shore beaches, mats, tarpaulins, mosquito nets and big 

stones (Isaacs, 2016) and Immaculate et al. (2012). However, the quality and safety of the 

final sun dried products are compromised due to physical, chemical and biological 

contaminations leading to both quantitative and qualitative (nutritional) losses (Ochieng et 

al., 2015; Al-Reza et al., 2015). Sand is one of the physical contaminants of sardines 

especially in the head. As a result sardine beheading prior to cooking and consumption is a 

common practice in Tanzania. It is one the common sardine preparation practices in the 

country (Ibengwe and Kristófersson, 2012; Thomas, 2016). However, nutritional and 

health benefits of sardines are realized when eaten whole Tenyang et al. (2014). 

 

In Tanzania improvements has been made on the traditional sun drying techniques and 

advocated with the major objective of postharvest losses of sardines and other marine 
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products. Solar drying and use of raised rack to minimize or stop some of the limitation of 

open sun drying are among the major techniques advocated (Immaculate et al., 2012). 

Solar drying method dries products in an enclosed chamber hence prevents product being 

dried from contamination due to environmental and human activities factors. Furthermore, 

it dries product quickly, hygienically with little or no energy inputs. Therefore, taking into 

consideration of the present loss against high nutritional value of sardines, there is a need 

to significantly control their safety and quality by using such improved processing 

methods. 

 

Unfortunately, the information on effect of drying methods and beheading on dried 

sardines on proximate, mineral and microbial quality is limited. Therefore this study was 

conducted to establish the missing information and suggest a suitable improved drying 

method to reduce postharvest losses. 

 

Key words: Sardines Beheaded and Whole body, Proximate composition, microbial 

quality 

 

3.2 Material and Methods 

3.2.1 Study Location  

The study was conducted at Mswahili landing sites near the Lake Victoria shore in 

Nyamagana District, Mwanza region and at the National Fish Quality Control Laboratory 

(NFQCL) in Nyegezi, Mwanza. Fresh sardines were collected and dried at Mswahili 

landing sites while all laboratory analyses were conducted at (NFQCL) Laboratory. 
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3.2.2 Materials  

3.2.2.1 Sardines 

Fresh sardines were purchased from selected fishermen at Lake Victoria in March, 2019. 

Samples were collected from the fishermen in order to ensure sardines freshness and for 

proper postharvest handling prior to preparation and drying. A total of 36 kilogram of 

fresh sardines were collected for the study. The indicated amount had predetermined to 

give 11 kilogram of dried sardines in each drying method. 

 

3.2.2.2 Drying equipment  

i. Solar Dryer  

The solar dryer was constructed using well-prepared timber, transparent glass (5 mm 

thickness) and wire mesh. The drying system consisted of two solar air heaters with a total 

glazing area of 1.0m
2
 made from wooden frames and transparent glass (5 mm thickness), 

the collectors were connected direct to the drying chamber. The drying chamber consisted 

of 3 trays made of wooden frames and wire mesh, spaced 0.20 m apart each with area 1.0 

m
2
 shown in Plate 3.1 (A).  

 

ii. Rack dryer  

The traditional rack was constructed with some modifications (Oduor-Odote et al., 2010). 

It was made from locally available materials such as bamboo, tree branches, wire mesh 

and well design timber. The constructed rack was 1.2m width, 6.0m length and 1.0 m 

height as shown in Plate 3.1 (B). The top was then covered with wire mesh. The mesh was 

chosen because it does not rust and is therefore ideal for use to avoid quality loss of 

finished product.  
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iii. Ground drying site  

In order to simulate sun drying process at the beach, sand obtained from the beach was 

spread to make a bed of similar size as of cabinet dryers. Sardines samples were spread 

directly over the bed of sand and allowed it to dry. The heat from the Sun drying hit direct 

to sardines. The movements of air remove moisture causing the sardines to dry as shown 

in the Plate 3.1 (C).  

 

 

 

 

 

 

 

 

Plate 3.1: Three different drying equipment used for drying fresh harvested sardines 

from Lake Victoria in March, 2019. (A) is solar dryer, (B) is rack and (C) is 

ground drying area 

 

A B 

C 
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3.2.3 Methods 

3.2.3.1 Research design  

The Randomized Complete Block Design (RCBD) was used in this study. The principal 

factors were drying methods (Ground, Solar and Rack) and different parts of dried 

sardines (Whole body and Beheaded). The effects of these factors on proximate, minerals 

and microbial content during drying and processing were determined. The mathematical 

model expression used was; 

                                         yij = µ + τi + βj + εij ………………………………………...   (Eq 1) 

Where: µ = the overall mean, τi = the i
th
 treatment effect (Samples), βj = the j

th
 block effect 

(Body parts), εij = the random effect. 

 

Figure 3.1: Experimental Design 

 

3.2.3.2 Sample collection 

Freshly harvested sardines were purchased from fishermen early in the morning at 

Mswahili fish landing site, in March, 2019. About 36 kg of fresh sardine samples were 

washed in potable water to remove dirt and drained in baskets, then divided into 3 portions 

of 12 kg each before transferred to the solar dryer, rack and ground drying site for drying.  
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Plate 3.2: The three pictures above shows different procedures for collecting 

Sardines from the Lake. A shows fishermen arrived at Mswahili landing 

site for carrying sardines and the two, B and C show the boat with 

harvested Sardines arrived at Mswahili (March, 2019) 

 

3.2.3.3 Drying procedure 

The drying characteristics of fresh sardines were done by procedure explained by Ochieng 

et al. (2015). Purchased sardines were thoroughly washed with clean water and all 3 

batches were transferred and spread in clearly demarcated areas on wire mesh trays to 

remove excess water before sorted to remove snails, by catches in particular Furu and 

other dirty. Each group sample was transferred to each drying method i.e. solar dryer, rack 

and ground as indicated in Figure 3.2. 

A 

B C 
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i. Solar drying 

From each selected batch of sardines being dried, 12 kilogram of clean sample was 

transferred to the solar dryer chamber and spread the sardines evenly over the trays.  

Sardines were not too close to each other, so that you should still be able to see through. 

The sardines were checked every now and then on the drying progress and flipped. The 

dried sardines were removed from the dryer after being dried to 11% moisture contents 

after 10 hour and packed in polyethylene bag of 1 kg each, and transported to NFQCL for 

proximate and microbial analyses.  

 

ii. Rack drying  

The sample to be dried was placed on the top of drying rack and was spread evenly over 

the wire mash allowing it to dry direct from the sun. Dried samples were offloaded after 

10 hours packed in polyethylene and stored in a freezer prior to analyses. 

 

iii. Ground drying  

The selected cleaned sample being dried was placed on bare ground reserved area near 

Victoria lake shore. A 12 kilogram sardine sample was spread on top, allowing it to dry 

for about 10 hours. The heat from the sun hit directly to sardines and movement of air 

remove moisture causing the sardines to dry. After complete drying, the sardines were 

removed, sieved to reduce sand and packed in polyethylene bag of 1kg each and stored in 

freezer before analysis. 
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                                                                                                        Sardines 36 Kg                                                

                           

                                                                                                                 Furu 

                                                                                                                 Snail 

   

                                                                                                        Portable water                                                                                                    

 

 

                                                                                                                   Excess Water 

 

 

 

 

 

 

 

 

Figure 3.2: Flow Chart of Sardines Drying Processes 
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Package in polythene bag (1kg) and stored at 4
0
C 
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3.2.3.4 Laboratory analyses 

i. Proximate Analysis 

The proximate composition (moisture, protein, fat and ash) of the dried sardines samples 

used in this study was determined using standard methods (AOAC, 2000). All samples 

were analyzed in duplicates and concentrations were reported on dry weight basis. Total of 

48 samples from three drying methods (Ground, Solar and Rack) with two parts (Whole 

body and Beheaded) sardines were prepared. A homogenate from well-mixed samples 

from each individual drying method was obtained and apportioned in 500 g batches. Each 

batch was then milled using a food blender. The sardines representative samples were then 

well repacked in polythene bags in 500 g batches and labeled. The individual sample was 

stored in refrigerator until analysis.  

 

a. Moisture Determination 

Moisture analysis was performed by air oven method (AOAC, 2000).The empty dish and 

lid was dried at 105
o
C for 3 hour, cooled it in desiccator and weigh empty dish and lid. 

About 2 g of milled samples were used for moisture determination by drying at 105
o
C for 

3 hours to constant weight. After drying, the dried sample was reweighed the dish and its 

dried sample. The equipment displayed the reading in weight lost, which is equal to the 

amount of water evaporated. The remaining weight of each sample was recorded by 

tarring the percentage displayed which presented the weight of dry sample that remained. 

The dry matter/moisture content was obtained using Equation 2 

Dry matter content (%) =   (W1-W2) ×100   …………………..………….  (Eq 2) 

                                              W1  

 

Where: W1=weight (g) of sample before drying, W2 = weight (g) of the sample after 

drying. 
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b. Ash Determination 

Total ash content was determined from pre-dried Sardines samples according to AOAC 

(2000) method. About 5 g of dried and milled sardines sample was placed into a pre-

heated and pre-weighed crucible and lid in furnace incinerated in a muffle furnace at 

550oC overnight until grey ash was obtained. Total ash content of dry matter basis was 

calculated as difference between weight of sample before and after incineration. Ash 

content was determined using Equation 3. 

           Ash (%) =   Weight of ash      × 100   ………………………….. (Eq 3) 

                             Weight of sample  

 

c. Crude Protein Determination 

Crude protein content was determined by the micro-Kjedahl methods according to AOAC 

method (AOAC, 2000). A factor of 6.25 was used to convert percent nitrogen to percent 

protein. Dried and milled sardines samples of about 1.0 g were weighed into digestion 

tubes. About 10g of Kjeldahl catalyst (mixture of 9 g potassium sulphate (K2SO4) and 1.0 

g copper sulphate (CUSO4) was added into each tube with samples. 200 ml of 

concentrated sulphuric acid (conc, H2SO4) was added to each tube containing samples and 

digested except for sample as blank boiled briskly until solution became clear. The digest 

was cooled and immediately connected flask with digestion to a condenser immersed in 

standard acid and 5 drops of indicator was used until all NH3was distilled. Titration of 

excess standard acid distilled with standard NaOH solution was done. A blank test was 

included in each sample run. Hence, the calculation for the total Nitrogen and crude 

protein in dried Sardines samples were obtained as shown in Equation 4 

% Protein = (A-B) × N× 14.007 × 6.25 ………………………………….. (Eq 4) 

                                     W  
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Where: A = volume (ml) of 0.2NHCl used sample titration, B = volume (ml) of 0.2NHCl 

used in blank titration, N = Normality of HCl, W = weight (g) of sample, 14.007 = atomic 

weight of nitrogen and 6.25 = the protein-nitrogen conversation factor for fish and its by-

products. 

 

d. Crude Fat Determination 

Crude fat was extracted by Soxhlet ether extraction method (AOAC, 1995) using 

procedure according to official method 920.85 protocol. About 5g of the dry milled 

Sardines samples were used for crude fat determination. The sample was placed into 

extraction thimble, plugged with cotton wool and assembled to the Soxhlet apparatus. 

Petroleum ether (90 ml) into flask was used for continuous extraction for 6 hours. 

Petroleum ether was then evaporated near to dryness. Pre-weighed flasks containing fat 

were dried in the oven at 102
o
C for 2 hours, cooled in a desiccator and weighed. Then % 

crude fat was determined using the formula shown in Equation 5: 

        % Crude fat content = (W2-W1)  × 100 …..……………………… (Eq 5) 

                                                  S  

 

Where: W2= weight of pre-heated and pre-weighed flask with crude oil after drying in the 

oven (g), W1= weight of empty pre-heated and pre-weighed flask (g) and S = weight of 

dry sample taken for analysis (g). 

 

3.2.3.5 Mineral analysis 

Dried milled sardines samples were prepared in duplicate. 10 g of each sub- sample was 

initially transferred into pre-cleaned 100 ml beaker and digested it with 15 ml of 1:1 (v/v) 

HNO3: H2O2. After the addition of 15 ml of HNO3 and H2O2, the digestion was continued 

on hotplate with temperature gradually increased to 160
o
C for about 2hours until volume 

was reduced to 3- 4 ml. The digested samples were cooled and filtered with what man 
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filter paper No.42 and the samples were made up to 25 ml mark volumetric flask with 

ultra-pure water. Direct analysis for K, Fe, Ca, Zn, and Mg were made by atomic 

absorption spectrometry (AAS) in parallel with the Blank sample. Mineral content of 

sardines was determined by flame photometry for minerals as described in (Jones and 

Case, 1990). Appropriate dilutions were then made to enable all sample readings to fit in 

the calibration curve where necessary. The dilutions were finally incorporated in the 

calculation of the final mineral concentration.  

 

3.2.3.6 Microbial analysis  

About 25 g of dried sardines sample portions were aseptically weighed and mixed with 

225 ml of sterile Buffered Peptone Water (BPW) and transferred into a sterile stomacher 

bag and homogenized for 60 s using a Stomacher (Seward 400, UK). The homogenate 

were then analyzed as described below according to methods of the International 

Standards Organization (ISO) used by the NFQCL and Tanzania Bureau of Standards 

(TBS). 

 

i. Total Plate Count 

Total number of microorganisms were analyzed according to the ISO 4833-2 (2013) and 

(TZS118:2007) standard procedures. The homogenate obtained from three drying methods 

sample (Solar dryer, Rack and Ground) and its tested portions (whole, head and beheaded 

sardines). Aseptically transferred 1ml from initial suspension (10
-1

) to 9 ml BPW test tube 

to make serial dilution (10
-2

, 10
-3

, 10
-4

, 10
-5

 and 10
-6

). About 10 to 15 ml of the plate count 

agar (PCA) was maintained at 45°C, poured into each Petri dish and carefully the 

inoculum was mixed with the medium by rotating the Petri dishes and the mixture was 

allowed to solidify by leaving the Petri dishes standing on a cool horizontal surface. After 

complete solidification, prepared dishes were inverted and placed in the incubator at                
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30 ± 1 °C for 72 hours. Duplicate petri dishes of each dilution were incubated. After the 

specified incubation period the colonies were counted from dishes containing less than 

300 colonies. The counted number of colony forming units (CFU) per gram were 

calculated and results recorded using the following formula depicted in Equation 6:  

∑C       ……………………………………………….. (Eq 6) 

v (n1 + 0.1n2)d 

                             

 

Where: ΣC = the sum of colonies counted on the dishes retained, n1 = the number of 

dishes retained in the first dilution, n2 = the number of dishes retained in the second 

dilution, d = the dilution factor corresponding of the first dilution and v = volume of 

inoculums used. 

 

ii. Total Coliform  

Total coliform was determined as described in ISO 4831 (2006) procedures. This method 

was based on MPN procedures using the lauryl sulphate tryptose broth (LSTB). The 

homogenate was prepared from sardine’s portion (whole, head and beheaded sardines). 

The 3 tube MPN method was used; 10 ml of the 10
-1

 dilution was inoculated into each 

three tubes containing 10 ml of double strength LSTB. Then 1 ml of each 10
-1

 dilution was 

inoculated to each of the three tubes containing 10 ml of single LSTB. The same 

procedure was repeated for 10
-2

 and 10
-3

 dilutions. Tubes were incubated at 37°C for 48 

hours. Tubes showing changes from purple to yellow were identified as positive for fecal 

coliforms. Counts per gram of sardine’s portions were calculated from Most Probable 

Number (MPN) tables. From the positive detected tubes, aseptically transferred a loop to 

BGBB tube and incubated at 37°C for 48 hours for recovery and identification of 

respective coliforms and E. coli from MPN tables and interpreted the result as CFU/g. 

 

CFU/g =             
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iii. Analysis of Escherichia coli 

From MPN results, selective enrichment media was inoculated with initial suspension of 

the test. The tube was then incubated at 37 
o
C for 48 h and examined for gas production. 

Then the tube was sub-cultured to a tube containing a liquid selective EC broth. The tube 

obtained was then incubated at 44 
o
C for 48 h and examined for gas production and then 

taken to indole-free peptone water for indole production test. Tubes showing all of the 

above behaviors were taken to enumeration since they depicted the presence of E. coli. 

 

iv. Enumeration of Coagulase-Positive  S. aureus 

Baird-Parker agar was used for the selective isolation of gram-positive Staphylococci 

species. The medium was used to isolate Staphylococcus aureus where 0.1 ml portions of 

appropriate dilution were spread and plated in duplicate GP agar plates. Moreover, the 

plates were incubated at 37
o
C for 48 hours whereby the counted colonies appeared black 

and shiny with narrow white margins. The suspected colonies were aseptically transferred 

in 5 ml of brain heart infusion broth and incubated at 37
o
C for 24 hours. Lastly, while 

Baird parker agar plates inoculated aerobically at 37°C for 24 h results were calculated as 

CFU/g of test samples. 

 

3.2.3.7   Statistical data analysis 

Data was analyzed using R commander software version 3.5.0 for analysis of variance 

(ANOVA) to test if there were significant (p < 0.05) differences in the proximate 

composition (crude ash, crude protein, fat and moisture content), microbiological safety, 

and minerals content of beheaded and non-beheaded (whole body) sardines. Mean 

separation was done by Turkey Honest Significant Difference at P<0.05 significant level. 

Principal Component Analysis (PCA) was used to determine the systematic variations in 

the data and results were represented in tabular and graphical forms. 
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3.3 Results and Discussion 

3.3.1 Effect of drying method on proximate composition 

3.3.1.1 Effect of drying methods on proximate composition within each body part of 

sardines  

The effects of drying methods on proximate composition of sardines are shown in 3.3 (A-

D). There were significant (p < 0.05) variation in proximate composition between drying 

methods in each body part analysed. With ground and rack dried samples in both beheaded 

and whole body sardines having higher moisture contents than solar dried counterpart 

samples Figure 3.3 A. The ground dried samples had higher ash contents of 13.2-17.4 

g/100 g DM than rack and solar dried samples with lower values of 9.8-12.9 g/ 100 g DM. 

(3.3 B). On the other hand, the solar dried samples had higher protein contents of 31.4-

35.1 g/100 g DM than ground dried samples with lower value of 22.4-27.1 g/ 100 g DM as 

depicted in Figure 3.3 C. Fat content differed significantly (p<0.05 between drying 

methods with solar dried samples having higher values of 5.8-6.7 g/ 100 g DM than lower 

values of 4.1-5.7 g/ 100 g DM in ground and rack dried samples (Figure 3.3 D). 
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Figure 3.3: Effect of Drying Methods on Proximate Composition of Sardines within Each Body Part. (A-D) variation of proximate 

composition in (g/ 100 g DM), Bars having mean values with different letters are significantly different at p < 0.05 
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Variations in moisture content among drying methods of sardine might be attributed to 

factors such as the modes of heat transfer on drying surfaces, surface area, air velocity, 

drying time, and frequency of turning the products during the drying period. The lowest 

moisture content in the solar cabinet could be due to the faster drying rate as the dryer 

generates more heat resulting into faster drying and relatively lower moisture contents.  

 

The findings of this study are similar with those of Abraha et al. (2017) who observed an 

average temperature of 45
o
C and relative humidity of 42% at an air speed of 1.06 m/s

2
in 

solar drying caused low moisture content in the dried sardines. Furthermore, the observed 

moisture contents comply with the East African Standard (2014), which specifies that 

dried R. argentea shall comply with the requirement that its maximum moisture content is 

12%. 

 

Therefore control of moisture content in dried products such as sardine is important 

because for each dried product, there’s an ideal range of moisture content values that 

maximizes profit, nutrition and tastiness while keeping the product safe from microbes and 

mold. Low moisture content in dried sardines enhances their shelf life while higher levels 

in ground dried product indicated that sardines were not dry enough. Similar variation in 

moisture contents due to different drying method were also reported by Sablani et al. 

(2003), Cyprian et al. (2017) and Chaula et al. (2019), who found that sardines dried on 

ground and on raised racks were not dry enough to stop enzyme activity, lipid oxidation, 

and hydrolytic reactions, which are favored by high water activity.  

 

The observed variation in protein contents between the dryers might have been contributed 

by low moisture content, high temperature and air flow rate in solar dryer that facilitates 
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fast drying and moisture contents reduction. The protein contents in dried products 

increases as the moisture content decreases and vice versa. Therefore observed high 

proteins value in solar dried sardines was due to low moisture content. The findings were 

similarly supported by Wisuthiphaet et al. (2015), and Khoddami et al. (2012) who 

reported that, the high content of moisture in fish is associated with lower protein and lipid 

content. The difference in fat contents between drying methods could be attributed by the 

differences in their drying modes and final moisture contents. Fat content was high in solar 

dried sample, due to low moisture content because of high drying rates and proper drying 

in solar dryer. Similar findings were observed by Oduor et al. (2015) and Abraha et al. 

(2017) on effect of fat of fresh and dried fish. This result is also in agreement with the 

result found by Nurullah et al. (2006) who reported that fat and protein contents of the 

solar tunnel dried products were much higher than the traditional sun dried products. 

 

The observed higher ash content of the ground dried sardine could be due contamination 

from unhygienic drying area. This result was contrasting the augment reported by Abraha 

et al. (2017) that, ash content increases as moisture contents decreases. However in ground 

dried sardines sample ash contents were increased as moisture content increased. 

 

3.3.1.2 Effect of beheading of sardines on proximate composition in each drying 

methods 

Figure 3.4 (A-D) shows the effect of beheading sardines on some proximate composition 

parameters in each drying method. The two body parts differed significantly (p<0.05) in 

proximate composition parameters in each drying method with the beheaded samples 

having lower than whole body. It had moisture contents of 13.1-13.4, ash contents of 9.7-

13.2, protein contents of 22.5 - 31.4 and fat content of 3.6-5.9 g/ 100 g DM than respective 

higher values of 14.2-14.7, 12.9-17.4, 27.1-351 and 5.5-6.7 g/ 100 g DM in whole body 

samples. 
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Figure 3.4: Effect of beheading on proximate composition within each drying method, (A-D) Variation of proximate 

composition (g/ 100 g DM). Bars having mean values with different letters are significantly different at 

p<0.05 
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The principal component analysis biplot Figure 3.5 shows that, PC1 accounted for 61.7% 

of systematic variation in proximate values due to different drying methods and it is a 

contrast between solar dried samples associated with high fat and protein contents on one 

side and ground dried samples associated with high moisture and ash contents on the other 

side. It shows that ground dried samples were highly associated with ash content. PC2 

accounted for 32.3% of the variability on proximate values and it is clearly a contrast 

between beheaded and whole body sardine samples with the later observed to have higher 

proximate values than the former. This is further supported by a cluster analysis 

dendogram Figure 3.6 which shows different clusters of drying methods and different 

body parts i.e. whole body and beheaded sardined samples. 

  

 

Figure 3.5: PCA Biplot showing systematic variation in sardine samples due to 

drying methods and body parts.  

Key: GB 1&2 =ground beheaded, GW 1&2 =ground whole body, RB 1&2 =rack beheaded, RW 1&2 =rack 

whole body, SB 1&2 =solar beheaded, SW 1&2 =solar whole body 
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Figure 3.6: Dendogram showing different clusters of drying methods and different 

body parts i.e. beheaded and whole body parts 

 

The lower protein, ash and fat content in beheaded sardines could be due to the removal of 

head from the whole body sardines. The head of sardines and other fish contains important 

nutrient such as proteins, minerals and fat. The effect of beheading process results in 

losses of some nutritional composition of sardines. This finding was also supported by 

Khoddami et al. (2012) on his study on  quality and fatty acid profile of the oil extracted 

from fish waste (head, intestine and liver) which showed that head, intestine and liver 

contains high amount of protein, ash and fat. The findings suggest that, beheading prior to 

cooking results into loss of nutrients required by the body functions. 

 

3.3.2 Effect of drying methods on mineral contents  

3.3.2.1 Effects within each part of the body of sardine  

Table 3.1 shows variations of mineral content (mg/Kg DM) of dried sardines from 

different drying methods in both beheaded and whole body samples. It shows that, there 

were no significant (p>0.05) variations in mineral contents between drying methods in 
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each body part analysed. Potassium was found to be the most abundant mineral in all 

drying methods and both body parts followed by Magnesium, Zinc and Calcium was the 

lowest.  

 

Table 3.1: Shows effect of drying methods on mineral contents within whole and 

beheaded sardine samples (mg/Kg DM) 

Body part Drying method  Calcium Magnesium Potassium Zink 

Beheaded      

 Ground 30.6±0.10
a
 199.5±0.707

a
 2259±0.71

a
 33.922±0.16

a
 

 Rack 30.1±0.22
a
 197.5±0.71

a
 2239±0.81

a
 30.8835±0.59

a
 

 Solar 30.6±0.31
a
 201.5±0.71

a
 2241.5±0.33

a
 33.4175±0.83

a
 

Whole      

 Ground 34.3±0.02
a
 494±1.41

a
 4841±1.41

a
 57.8165±0.42

a
 

 Rack 34.5±0.30
a
 495±1.41

a
 4784±1.31

a
 56.3465±0.93

a
 

 Solar 34.7±0.30
a
 496.5±0.71

a
 4852±052

a
 59.7885±0.63

a
 

Values are expressed as mean values with the same superscript letters are not significantly different at 

p>0.05. 

 

The present study showed that dried sardines are good sources of mineral elements. The 

abundance of these mineral in dried sardines may be due to the facts that the fish body 

needs these elements for structure and function of the body. These findings are in 

agreement with the results of previous study by Hei and Sarojnalini (2012), who reported 

that the values of major elements in fish were obtained in the decreasing order 

K>Na>Mg>Ca in their study on proximate composition, macro and micro mineral 

elements of some smoke-dried fishe. The some authors also reported that the mineral 

contents in fish depend on ecological habitant, sex, fish maturity, diet and body size.  
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3.3.2.2 Effect of beheading on mineral contents  

Table 3.2 shows variations of mineral content (mg/Kg DM) between sardine’s body parts 

from different drying methods. Results showed that there were significant (p<0.05) 

differences in all mineral contents between whole body and beheaded samples in all 

drying methods. Potassium content was found to be high in whole body and low in 

beheaded with value of 4841±1.41 mg/Kg DM and 2259±0.71 mg/Kg DM respectively. 

Calcium and zinc were observed to be the lowest minerals in all drying methods. 

 

Table 3.2: Effect of beheading on   mineral contents of different sardines parts 

(mg/kg) 

 Drying method Body part Calcium Magnesium Potassium Zink 

Ground Beheaded 30.6±0.10
a
 199.5±0.7

a
 2259±0.71

a
 33.922±0.16

a
 

 Wholebody 34.3±0.02
b
 494±1.41

b
 4841±1.41

b
 57.8165±0.42

b
 

      

Rack Beheaded 30.1±0.22
a
 197.5±0.71

a
 2239±0.81

a
 30.8835±0.59

a
 

 Wholebody 34.5±0.30
b
 495±1.41

b
 4784±1.31

b
 56.3465±0.93

b
 

      

Solar Beheaded 30.6±0.31
a
 201.5±0.71

a
 2241.5±0.33

a
 33.4175±0.83

a
 

 Wholebody 34.7±0.30
b
 496.5±0.71

b
 4852±052

b
 59.7885±0.63

b
 

Values are expressed as mean values with different letters are significantly different at p<0.05 

 

Figure 3.7 shows bi-plot with the two first significant principal components from principal 

component analysis (PCA). The results shows that, PC1 account for 80.02% of systematic 

variation in minerals values of dried sardines and it is a contrast between whole body dried 

samples associated with high Magnesium, Zinc and Potassium contents on one side and 

beheaded samples associated with high Calcium contents on the other side. PC2 accounted 
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for 19.71% of the variability on one side and it is clearly a contrast between ground dried 

samples associated with no/low mineral contents and the rest. The cluster analysis 

dendogram Figure 3.8 support the above findings by showing different clusters of drying 

methods and different body parts such as whole body and beheaded sardine samples. 

 

Figure 3.7: PCA biplot showing systematic variation in sardine mineral contents due 

to drying methods and body parts 

 

 

Figure 3.8: Dendogram showing different clusters of drying methods and different 

body parts i.e. beheaded and whole body parts 
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The higher mineral content in the whole body than beheaded sardines could be due to the 

fact that whole body containing large proportion of bony parts of fish. It is observed that, 

the larger skeletal mass of the fish, the greater the mineral percentage contents. The 

agreement in this, Sofoulaki et al. (2018) and Antony et al. (2016) reported that some 

elements (e.g. P, Mg, Mn) to be found mainly in the bones.  

 

Many other studies by Pal et al. (2018) and Ekmekcioglu et al. (2016) reported that 

composition of these important minerals elements such as P, Mg, Mn, Ca, Fe Zn, have 

been founded mainly in the bones like head and other skeletal muscles of fish. Khoddami 

et al. (2012) agrees that minerals are constituents of fish head. 

 

Therefore this result provides evidence that, whole body sardine contain larger proportion 

of bony than beheaded part. This suggests that high consumption of minerals will be 

obtained from eating whole body sardine. Beheading process leads to losses of essential 

mineral that support a wide variety of body functions such as building and maintaining 

healthy bones and teeth, heart and brain working properly Sofoulaki et al. (2018) reported 

this healthy benefit. 

 

3.3.3 Effect of drying methods and beheading of dried sardines on microbial quality  

3.3.3.1 Effect of drying methods on microbial quality  

The effects of drying methods on microbial load (CFU/g) of dried sardines are shown in 

Table 3.3. Total Plate Count (TPC) of sardine samples from each body part varied 

significantly (p<0.05) between drying methods. Ground and rack dried samples in both 

beheaded and whole body sardine sample had higher (TPC) content than solar dried 

correspondent sample. Total Plate Count (TPC) in ground dried sardine sample had higher 

value of log10 6.91 CFU/g than that in rack dried sample containing colony count of log10 
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4.23 CFU/g and solar drying was the lowest colony count of log 10 3.89 CFU/g. On the 

other hand, Ground dried samples had higher coliforms counting of log10 2.38 CFU/g than 

rack and solar dried sardine samples with value of log10 1.36 CFU/g in rack and log10 0.95 

CFU/g in solar dried whole body respectively. There were no significant (p>0.05) 

differences in Staphylococcus aureus and E.coli in all drying methods results were 

reported as ―limit of detection‖. 

 

Table 3.3: Microbial quality of sardine samples from different drying methods in 

each body part in log CFU/g 

Body part Drying 

methods 

TPC 

Log CFU/g 

Coliform 

(log MPN) 

S. aureus 

CFU/g 

E. coli 

CFU/g 

Beheaded Ground 6.98
a
 1.63

c
 <1.0*10^

2
 < 0.3*10^

1
 

 Rack 4.54
b
 1.105

a
 <1.0*10^

2
 < 0.3*10^

1
 

 Solar 3.65
c
 1.36

b
 <1.0*10^

2
 < 0.3*10^

1
 

      

Whole body  Ground 6.91
a
 2.38

a
 <1.0*10^

2
 < 0.3*10^

1
 

 Rack 4.23
b
 1.36

b
 <1.0*10^

2
 < 0.3*10^

1
 

 Solar 3.89
c
 0.95

b
 <1.0*10^

2
 < 0.3*10

^1
 

Max Lim      

Means value with different superscript within the same column are significant different at P<0.05). 

 

The quantity of bacteria in foods serves as a universal indicator of cleanliness and safeness 

of the product and moisture content seems to be an exact indicator of the susceptibility of 

a product to undergo microbial spoilage Immaculate et al. (2012). The TPC microbial 

contamination was observed to be higher in ground dried samples than solar and rack 

samples which were beyond the specifications of 5 log10 CFU/g (set by Tanzanian 
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standard for fish and fishery products (Tanzania Standards, 1988). The major factors of 

increasing bacterial counts could be due to low drying temperature, high moisture content 

and environment contamination from unhygienic drying conditions and insufficient time. 

Similar finding was reported by Immaculate et al. (2012) studied the biochemical and 

microbial qualities of sun dried Sardinella fimbriata.  

 

Furthermore, ground drying method which involves spreading the sardines on open 

ground where it exposes to contamination, infestation and adverse weather conditions 

leading to high microbes load. This also was seen in the study by Abraha et al. (2017) on 

quality of dried fish. The study done by Baniga et al. (2017) reported similar observation 

that sun drying of sardines directly on the ground produces product of low quality in 

appearance and high levels of contamination with sand and microbial load. 

Moreover, the total plate counts in rack dried sample were relatively lower than in ground, 

within the acceptable food standard specifications of below 5 log10 CFU/g (Tanzania 

Standards, 1988). This may be attributed to low moisture content and drying carried out 

under hygienic conditions. Drying on racks reduce contamination of sardines from 

environment i.e. with dust, sand and bird faeces from the beach area. It also protects 

sardines from ground water contact providing high quality product, and moisture content 

is relatively low which slow down microbial growth.  Similar findings were also reported 

by Owaga et al. (2009). 

 

Furthermore drying of sardines on solar dryer reduces TPC to an acceptable microbial 

standard load in fish. The observed lowest load of microbes in solar dried samples may be 

attributed to low moisture content and drying carried out under hygienic conditions. The 

high drying rate per unit time coupled with low moisture content which reduces microbial 

activities. It has been reported that a fish well dried or moisture content reduced to 15%, 
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will not be affected by microbes and if further dried to 12% the growth of mould will 

cease and thereby it increases the shelf life Chaula et al. (2019) and Immaculate et al. 

(2012). Similarly Relekar et al. (2014) and Abraha et al. (2017) found low initial TPC in 

fish dried in solar tent drier.  

 

Similarly, the results showed higher coliforms colony count in ground dried sardines than 

in rack and solar which was above the specifications of 2 log10 CFU/g (set by Tanzanian 

standard for fish and fishery products (Tanzania Standards, 1988). This variation may be 

occurred due to contamination from onshore lake water on boat which is a source of 

contamination and unhygienic environment on lake shore. This effect was also observed 

by Thomas (2016) and Kussaga et al. (2017) on microbiological contamination of fish 

from Lake Victoria. 

 

In the present study, the fish dried by solar dryer methods have lowest total coliforms 

content throughout the study period. These may be due to hygienic practices followed 

during processing and drying time of sardine. This agrees with study by Abraha et al. 

(2017) who reported coliform reduction in solar tent dryer. 

 

On other hand, sardine’s samples dried by various methods, namely solar dryer, rack dryer 

and ground drying was totally free from E. coil. This may be attributed to use of clean 

potable water for washing of sardines and maintaining a totally hygienic conditions during 

drying operation. Similar analysis by Relekar et al. (2014) reported that fish dried from 

solar tent drier, raised bamboo platform and black polythene was totally free from these 

pathogenic organisms. He attributed the total absence of these pathogens to hygienic 

preparation and improved methods of fish drying. This result was contrasting from studies 

by Mdegela et al. (2015) and Baniga et al. (2017) which reported presence of E. coli, due 
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to the fact  that on shore of Lake Victoria is faecally polluted through a number of sources 

including human activities, untreated or improper treated faecal contaminated wastes from 

households (urban sewage), food industries, hospitals, livestock and surface water-runoff. 

 

Similarly, the sardines dried by various methods were free from S. aureus during entire 

period of sample collection and analysis. This was due to hygienic conditions during 

handling, drying and analysis. In agreement with this, Relekar et al. (2014) reported that 

dried fish prepared from solar tent drier, raised bamboo platform and black polythene are 

absolutely free from Staphylococci when fish dried under hygienic condition.  

 

The variation between this study and other could be due to proper postharvest handling 

and preparation of sardine’s samples. The use of tap water instead of onshore Lake 

Victoria water for cleaning sardines prior to dry reduces contamination. Hence solar dryer 

produces high quality product with acceptable characteristics.  

 

3.3.3.2 Effect of beheading on microbial quality 

Table 3.4 shows the effect of beheading sardines on microbial quality of dried samples 

There were significant (p<0.05) variations in coliform content between the two body parts 

with the beheaded samples having lower values than whole body in all drying method. 

Ground beheaded had lower of Coliform colony count of log10 1.63 CFU/g with whole 

body having high value score of log10 2.38 CFU/g while rack having value of log10 1.105 

CFU/g for beheaded and log10 1.36 CFU/g for whole body and solar has lowest value of 

microbial contamination colony count of log10 0.60 CFU/g for beheaded with count log10 

0.95± CFU/g for whole body. There were no different (p> 0.05) differences in TPC in all 

body part and were no E. coli and Staphylococcus aureus detected. 
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Table 3.4: Microbial quality of different parts of sardine samples in each drying 

method (log CFU/g) 

Drying 

methods 

Body part Total plate 

Log CFU/g 

Coliform 

(log MPN) 

S. aureus 

CFU/g 

E. coli 

CFU/g 

Ground Beheaded 6.98
a
 1.63

a
 <1.0*10^

2
 < 0.3*10^

1
 

 Wholebody 6.91
a
 2.38

b
 <1.0*10^

2
 < 0.3*10^

1
 

Rack Beheaded 4.54
a
 1.105

a
 <1.0*10^

2
 < 0.3*10^

1
 

 Wholebody 4.23
a
 1.36

b
 <1.0*10^

2
 < 0.3*10^

1
 

Solar Beheaded 3.65
0a

 0.60
a
 <1.0*10^

2
 < 0.3*10^

1
 

 Wholebody 3.89
a
 0.95

b
 <1.0*10^

2
 < 0.3*10^

1
 

 Max Lim     

Means with different superscript within the same column are significant different at P<0.05). 

 

The observed insignificant variations between the two body parts in (TPC) microbial load 

indicated that beheading has no effect on microbial quality. However, variation observed 

in coliforms colony count. The primary habitat of coliforms is in the large intestine of 

animals and human beings. The presence of coliforms indicated that sardines beheading 

was handled and processed under unhygienic condition. On the contrary, Relekar et al. 

(2014) reported free from total coliforms throughout the study period. Therefore, good 

manufacturing practices can reduce the occurrence of coliforms in both beheaded and 

whole body sardines parts which exposes health risk to consumer. 

 

3.4 Conclusion and Recommendations 

3.4.1 Conclusion  

The present study reveals that different solar drying methods have a significant role on the 

proximate composition, mineral and microbial quality of dried sardines. It was observed 

that the hygienically dried samples using solar dryer had comparatively good nutritional 
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value and microbial quality. In general, the rack and solar dryer dried sardines are having 

better quality than ground dried sardines. The solar dryer is the useful method to reduce 

beheading effect, since it produce product of good quality of no sand contamination. It is 

also reduces time of drying of sardines. The saving of time and improvement of the quality 

in the dry sardines helps people getting better products quality but beheading results into 

losses of nutrition such as protein, fat and minerals. Therefore it is advisable to adopt and 

practice sardines solar and racks assisted sun drying method for better product quality and 

enhanced nutritional losses while reducing beheading effect. 

 

3.4.2 Recommendations 

It is observed in this study that, different solar drying methods have a significant role on 

quality and safety of dried sardines. Unhygienically processing environment, sand 

contamination and microbial implication make them less acceptable and unfit for human 

consumption. This leads to huge postharvest losses. Due to this, the following 

recommendations may be put forward; 

i. Implement Good Manufacturing Practices (GMP) and Good Hygiene Practice 

(GHP) along the sardine supply chain to ensure quality and safer product. Training 

of fishers and Processors on food hygiene should be a priority done. 

ii. Intensive and continuous fishers and processors awareness raising and sensitization 

on employing improved drying methods such as solar dryers, rack methods are 

highly needed. By using improved method, good quality dried sardines product is 

achieved in short drying time as compared to conventional method. 

iii. Lastly, it is recommended that, further studies to analyses fat/ lipid oxidation rate 

between whole body and beheaded dried sardines from solar and rack dryer to 

increase shelf life of the product. 
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Abstract 

Effects of solar drying methods and beheading on sensory profile and consumer 

acceptability of dried sardines were investigated in this study. Fresh sardines were dried 

using solar dryers, rack and ground drying methods. Dried sardines were divided into two 

groups; whole body and beheaded. The samples were then subjected into descriptive 

sensory analysis using 13 trained panelists, who quantitatively describe the intensities of 

six descriptors using 9 point line scale (1=low intensity while 9 high intensity). The same 

samples were also assessed for their consumer acceptability and preferences by 63 

consumers using 9 hedonic scale and 5 point scales (1 was most preferred and 5 was least 

preferred) respectively. The results showed significant (p<0.05) differences in mean 

intensity scores of silver colour, sandiness and golden colour attributes with solar dried 

samples having higher silver colour intensity values of 6.6±0.24 than respective lower 

values of 5.9 in ground dried samples. However, the ground dried samples had higher 

sandiness intensity score than rack and solar dried samples. Moreover, there were 

significant (p<0.05) differences in acceptability with solar dried sample having higher 

mean hedonic score value 7.1 than ground and rack samples of values 5.3 and 6.5 

respectively. The beheaded dried samples had higher mean hedonic values 7.3 than whole 

body samples scored 6.2. Solar dried and beheaded samples were the most preferred by 

consumers with colour observed to be the drivers for consumer liking. In conclusion, solar 

drying method and beheading have significant effect on sensory attributes of dried 

sardines especially on silver colour and absence sandiness which dependent on the drying 

method employed. 

 

Key words:  Beheaded sardines and Whole body sardines, Quantitative Descriptive 

Analysis, Consumer Acceptability, Preference Mapping 
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4.1 Introduction 

Sardines are of greater nutritional importance foods as they make a significant 

contribution in supplying wealth of proteins, fat, essential vitamins and minerals that 

improve the quality of the diet (Isaacs, 2016). However, despite of their nutritional and 

health benefits, fresh sardines are highly perishable resulting into huge postharvest losses 

and quality losses; occur very rapidly after catch (Dewi et al., 2011; Musa et al., 2010). 

According to Ochieng et al. (2015) the postharvest loss in sardines is estimated to be 30-

40 % in Lake Victoria. Some of the major contributing factors are poverty, inadequate 

postharvest handlings and preservation methods, lack of appropriate processing 

technology and storage facilities, as well as fishing systems.  

 

Drying of sardines is one of the oldest techniques for food preservation known to man. 

Open sun dry is a traditional low cost sardine’s preservation method practiced in many 

parts of the world Oduor-Odote et al. (2010). However, this method is often rudimentary 

and unhygienic as the products are unprotected from rain, dust and infestation by insects, 

rodents, and other animals resulting into poor quality products failing to meet the required 

local and international standards (Ochieng et al., 2015). Loss of sensory properties, sand 

contamination and microbes infestation are examples of quality loss in open dried sardines 

causing head removal prior to cooking and consumption at home (Isaacs, 2016). 

 

Solar drying seems to be alternative to open sun drying for improving sardines quality and 

reduce their postharvest losses as they dry produces quickly and hygienically using zero 

energy (Oduor-Odote et al., 2010). However, it has been noted that, these advantages have 

not well been utilized in drying of sardines. 
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The sensory properties are what consumers perceive directly and are the ultimate measure 

of product quality (Tomic et al., 2013). They give the first impression whether to purchase 

or consumer a food product. Therefore, analysis of sensory quality serve as a guide for 

understanding deviation from specifications and for application of appropriate corrective 

measures during processing and storage of food products. The analysis is made possible 

through employment of basic techniques such as descriptive sensory analysis and 

consumer tests (Emmanuel et al., 2012). Descriptive analysis is a sensory methodology 

that provides quantitative descriptions of all the sensory attributes of a food or product 

products, based on perceptions of a group of qualified assessors while consumer test is a 

methods used to assess whether the consumers like the product, prefer it over another 

product or find the product acceptable based on its sensory characteristics (Lawless and 

Heyman, 2010). Despite adequate literature review, information on the sensory quality of 

whole body and beheaded solar dried sardines in Tanzania is limited. Therefore, this study 

was carried out to establish the missing information. The obtained information will serve 

as a basis for deciding the best drying method which produces good quality product with 

appealing sensory properties and high consumer acceptability. 

 

4.2 Material and Methods 

4.2.1 Study location 

The study was conducted at Mswahili landing sites near the Lake Victoria shore in 

Nyamagana District, Mwanza region and Sokoine University of Agriculture (SUA).  Fresh 

sardines were collected and dried at Mswahili landing sites near the Lake Victoria shore in 

Nyamagana District while sensory analysis was conducted at the Departments of Food 

Technology, Nutrition and Consumer Sciences (DFTNCS) laboratory at SUA. 
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4.2.2 Materials  

4.2.2.1. Sardines 

Fresh sardines were purchased from selected fishermen at Lake Victoria in March, 2019. 

The samples were collected from the fishermen in order to ensure sardines freshness and 

for proper postharvest handling prior to preparation and drying. A total of 18 kilogram of 

fresh sardines was collected for the study. The indicated amount had predetermined to 

give 5 kilogram of dried product in each drying method. 

 

4.2.2.2 Drying equipment  

i. Solar Dryer  

The solar dryer was constructed using well-prepared timber, transparent glass (5 mm 

thickness) and wire mesh. The drying system consists of two solar air heaters with a total 

glazing area of 1.0 m
2
 made from wooden frames and transparent glass (5 mm thickness), 

the collectors were connected direct to the drying chamber. The drying chamber consists 

of 3 trays made of wooden frames and wire mesh, spaced 0.20 m apart each with area 1.0 

m
2
 shown in Plate 4.1 (A). 

 

ii. Rack dryer  

The traditional rack was constructed with some modifications (Oduor-Odote et al., 2010). 

It was made from locally available materials such as bamboo, tree branches, wire mesh 

and well design timber. The constructed rack was 1.2 m width, 6.0 m length and 1.0m 

height as shown in Plate 4.1 (B). The top was then covered with wire mesh. The mesh was 

chosen because it does not rust and is therefore ideal for use to avoid quality loss of 

finished product. 
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iii. Ground drying  

In order to simulate sun drying process at the beach, sand obtained from the beach was 

spread to make a bed of similar size as of cabinet dryers. Sardines samples were spread 

directly over the bed of sand and allowing it to dry. The heat from the sun hit direct to 

sardines and movement of air remove moisture causing the sardines to dry as shown in the 

Plate 4.1 (C). 

 

 

 

 

Plate 4.1: Three different drying equipment’s used for drying fresh harvested 

sardines from Lake Victoria in March, 2019. (A) is solar dryer, (B) is rack 

and (C) is ground drying area. 

 

A B 

C 
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4.2.3 Methods 

4.2.3.1 Research design  

The Randomized Complete Block Design (RCBD) was used in this study. The principal 

factors were drying methods (Ground, Solar, and Rack) and different parts of dried 

sardines i.e. whole body and Beheaded. The effects of these factors on sensory attributes 

during drying were determined. The mathematical expression was 

Yij = µ + τi + βj + εij ……………………………………………………………………………………………... (1) 

Where: µ = the overall mean, τi = the ith treatment effect (drying methods), βj = the jth 

block effect (Body parts), εij = the random effect.  

  

4.2.3.2 Sample collection 

Freshly harvested sardines were purchased from fishermen early in the morning at 

Mswahili fish landing site, in March, 2019. About 18 kg of fresh sardine sample was 

washed in portable water to remove dirt and drained in baskets, then divided into 3 

portions of 6 kg each before transferred to the solar dryer, rack and ground drying site for 

drying. 

 

4.2.3.3 Drying procedure 

The drying characteristics of fresh sardines were done by procedure explained by Ochieng 

et al. (2015). The samples were washed in freshwater to remove dirt and drained in 

baskets, then transferred to the solar dryer, rack and ground drying site. All the 3 batches 

were spread in clearly demarcated areas on wire mesh trays to remove excess water and 

sorted to remove snails, by catches in particular Furu, and wastes. The selected samples 

were then transferred to each drying method i.e. solar dryer, rack and ground. All samples 

were dried for 10 hours and packed in 1 Kg polyethylene bag for sensory analysis. 
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4.2.4 Sensory analysis  

4.2.4.1 Quantitative Descriptive Analysis (QDA)  

A descriptive sensory profiling was conducted at the Department of Food Technology, 

Nutrition and Consumer Sciences by trained panel of 13 assessors, comprising of 5 males 

and 8 females with age ranging from 15 to 30 years. The assessors were selected and 

trained according to ISO Standard (1993). In a pre-testing session Plate 4.2(A-B), the 

assessors were trained in developing sensory descriptors and the definition of the sensory 

attributes. Six attributes, silver colour, aroma, bitterness taste, chewability, aroma and 

mouth feel (sandiness) were developed and agreed by consensus as depicted in Table 4.1. 

A nine point line scale was used for rating the intensity of an attribute with value 1 point 

for the lowest intensity of each attribute and 9 points for the highest intensity. The test was 

carried out in two sessions and each assessor evaluated six samples per session. The 

samples were coded with 3- digit random numbers and served to each panelist in a 

randomized order and instructed to rate the attributes intensities using a scale. Water was 

served alongside samples for rinsing mouth before evaluating other samples during the 

test. 

 

Table 4.1: Definition of sensory attributes used in descriptive sensory analysis  

Parameter Attribute Definition 

Colour Colour hue Yellow/red to red/blue 

 Colour intensity Clear/Strong colour 

Aroma Fishy/Sardiny Aromatics associated with fish or sardine 

Taste Bitterness The taste associated with coffee 

Texture Chewability/Hardness The force to compress a sample via first 

compression (The force required to bite through 

the sample 

 Mouthy feel/sandiness Presence of sand particles in the mouth 

Source: The Panelist Team Trained (April, 2019) 
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Plate 4.2: Training sessions of panelists. Left (A) is panelist at the training room 

while right (B) is panelists perform the pre-testing of the sample (April, 

2019). 

 

4.2.4.2 Hedonic test  

The test was carried out in the Department of Food Science Laboratory by 63 untrained 

consumers aged 15 and above years arrived in groups of 10 using a 9 point hedonic scale 

(where 1 = dislike extremely and 9 = like extremely) as described by Lawless and Heyman 

(2010). Six boiled coded sardines samples from three sun drying methods (Whole and 

Beheaded) were placed on disposable plates coded with three digit random numbers and 

the plates were served to the panelists in a randomized manner around 10.00 a.m to 2.30 

p.m. The panelists were instructed to rate the silver colour, aroma, taste, and texture, 

mouth feel and acceptability attributes indicating their degree of liking or disliking by 

putting a number as provided in the hedonic scale. Testing completed in two sessions and 

was conducted under the same conditions as for the sensory descriptive test. 

 

4.2.4.3 Preference test 

The test was conducted at the Department of Food Science Laboratory by 63 panelists 

using 5 point ranking scale (1- most preferred to 5- least preferred) as described by 

Lawless and Heyman (2010). The samples were served to the panelist and were coded 

A B 



62 
 

with 3 randomized digits from statistical random tables. Then panelists were asked to 

choose the sample that they preferred based on ranking scale. The test was completed in 

one session and each panelist evaluates six samples. 

 

4.2.4.4 Relationship between sensory and consumer data (Preference Mapping) 

Relationship between sensory and consumer liking to determine the drivers for liking was 

done by external preference mapping using partial least square regression technique. 

Quantitative descriptive analysis data were regressed into consumer lining.  

 

4.2.5 Statistical data analysis 

The data were analysed by using R statistical package (R Development Core Team, 

Version 3.0.0, Vienna, Austria) for one-way and two way analysis of variances to 

determine the significant differences and interaction between the factors means at 

(p<0.05). Means were separated by Turkey’s Honest Significant Difference at p<0.05. 

Principal component analysis (PCA) and partial least squares regression (PLSR) were 

performed to assess the systematic variation between variables). The main sources of 

systematic variation in the average sensory descriptive results were determined by using 

Principal Component Analysis (PCA) while the relationship between descriptive data and 

hedonic liking from the consumers were determined by PLSR. The variables were 

standardized and full cross-validation was made described by Martens and Martens 

(2001). 

 

4.3 Results and Discussion 

4.3.1 Quantitative Descriptive Analysis (QDA) 

4.3.1.1 Effect of drying methods on sensory profile  

Table 4.2 shows the mean intensity scores of sardine samples from different drying 

methods. Colour and sandiness intensities differed significantly (p<0.05) in sardines 
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samples from different drying methods with solar dried samples having higher silver 

colour values of 6.6 and golden colour of  6.2 than respective lower values of 5.9 and 5.9 

in ground dried samples. However, the ground dried samples had higher sandiness 

intensity than rack and solar dried samples. No significant (p>0.05) differences were 

observed in other attribute intensity scores between the drying methods. 

 

Table 4.2: Mean intensity scores of sardines samples from different drying methods  

Drying methods Attributes 

 Silver Golden Taste Chewability Sandiness Aroma 

Ground 5.9±0.42
b
 5.9±0.31

b
 2.7±0.31

a
 3.0±0.42

a
 5.9±0.25

a
 6.4±0.17

a
 

Rack 6.2±0.17
ab

 5.8±0.57
b
 2.9±0.21

a
 2.7±0.29

a
 1.6±0.25

b
 6.2±0.54

a
 

Solar 6.6±0.24
a
 6.2±0.25

a
 2.7±0.33

a
 2.8±0.45

a
 1.5±0.1

b
 6.4±0.43

a
 

 

Values are expressed as mean ±SD (N=13) Mean values with different superscript along the column 

are significantly different at p<0.05 

 

In general, the drying method significantly affected the intensities of some sensory 

attributes of dried sardines. The higher  silver colour retention in solar dryers could be due 

to its higher temperature and higher drying rate which give shorter drying time and low 

moisture content. Combined all together, minimize the effect of oxidation and hence 

produces high quality dried sardines. Similar analysis was reported by Abraha et al. 

(2017), Relekar et al. (2014), and Adam and Sidahmed (2012), which provides accurate 

and detailed description of the sensory properties of the dried fish under their study. In 

dried sardine colour is among the most important quality attribute regarding consumers 

purchase decision and also an effective quality indicator of freshness. Appearances of 

silver colour in solar dryer indicate that sardines were in good condition while yellowness 

or dark colour is an indication of deterioration of sardines quality (Abraha et al., 2017) 
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reported. This finding agrees with Immaculate et al. (2012) who reported that degradation 

of sardines muscles always encountered during drying and long-term storage. Sablani et 

al. (2002), has been agrees that, the change in the brightness or silver colour of dried 

sardines can be taken as a measurement of browning and Cyprian et al. (2017), reported 

the same that open sun dried sardine is more vulnerable to lipid oxidation than indoor 

dried product, cause extensive browning which is a significant drop of the silver colour 

and an increase in the redness and yellowness of dried sardine.  

 

Furthermore, the higher sandiness intensity in ground dried sardine sample could most 

likely be attributed by direct drying on sand prepared around Victoria lake shore. Similar 

result was reported by Ibengwe and Kristófersson (2012) and Thomas (2016) reported 

effect of traditional sun drying method of sardine. Onyango et al. (2015) and Baniga et al. 

(2017) also observed similar finding that ground sun drying method produces sardines 

with a lot of sand in their mouth.  

 

The insignificant variation in some sensory attribute intensities implies that drying method 

had no effect on aroma, chewability and taste attributes intensity of dried sardines. This 

result agrees with Abraha et al. (2017) on his study conducted using one-way analysis of 

variance indicated that drying had no effect on the organoleptic properties of fish. 

However, it contrasts with studies by Feng et al. (2017) in fish and Mongi et al. (2013) in 

fruits and vegetables who reported changes in sensory properties during drying. 

 

4.3.1.2 Effect of beheading on sensory profile  

The variation in sensory attribute intensity between the two bodies parts are shown in 

Figure 4.1 There were significant variations sandiness and aroma intensity values between 

the two body parts with whole body having more intensity of sandiness and aroma than 
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beheaded samples. The beheaded part of sardines has higher intensity of silver colour than 

whole body sardine. No significant differences (p>0.05) were observed in other attribute 

intensity values between the two body parts. 

 

6a
5.9a

2.8a 3a
3.5a

6.7a6.5b
6.1a

2.8a 3a 2.8b

6.3b

0

2

4

6

8

Silver Golden Taste Chewability Sandiness Aroma

M
e
a
n

 
In

te
n

s
it

y
 
s
c
o
r
e

Sensory attributes

Whole Beheaded
 

Figure 4.1: Mean intensity values of sardine samples with different superscript along 

the column are significantly different at p<0.05 

 

The observed variations between whole body and beheaded intensity score in sandiness 

suggest that, the removed head was more loaded with sand than the whole body which 

resulted from physical contamination during processing. Baniga et al. (2017) similarly 

observed that most of the sand in dried sardine’s samples was found in mouth and 

stomach. Hence beheaded sardines have low sandiness intensity due to head removal. On 

the other hand, the beheaded sardines have high silver colour indicating freshness and low 

lipid oxidation due low moisture content. The removed head and belly contained fat and 

moisture which favors lipid oxidation in whole-body sardines. Similar effect reported by 

Nadia et al. (2011) on effect of lipid oxidation in fish. 

 

However, whole body sardine samples had high aromatics sardine flavour intensity 

attribute due to the presence of head. It showed that head and intestines associated with 
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sardine aromatic flour. The removed head contributed to low sardine aromatic flavour 

intensity in beheaded dried sardine. Similar finding reported by Fu et al. (2015) on study 

of effect of drying methods and antioxidants on the flavor and lipid oxidation of silver 

carp slices found that cooking and other processing methods have significant effect on the 

flavor of foods. 

 

4.3.2 Consumer studies 

4.3.2.1 Consumer characteristics 

Characteristics of the consumer panel participated in the study are shown in Table 4.3. Out 

of total panelists, 33 (52.4%) were female while 30 (47.6%) were male all of whom were 

undergraduate students with age raged from 15-30 years old who are pursuing different 

degree programs at the University. The findings showed that almost half (49.2%) of the 

panel members consumes sardines once in month and 15% consumes sardines once per 

week. Almost 55 (80.5%) of panelist prefers beheaded sardined to whole body sardines. 
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Table 4.3: Characteristic of consumer panel for sardine samples (n = 63) 

Characteristics Category Frequency Percentage 

Sex    

 Male 30 47.6 

 Female 33 52.4 

 Total 63 100 

Age     

 15-30 63 100 

 >31 0 0 

 Total 100 100 

Group fit    

 Undergraduate 63 100 

 Postgraduate 0 0 

 Staff 0 0 

 Total 63 100 

Frequency of consumption    

 Daily 9 14.3 

 Once per week 15 23.8 

 Once per month 31 49.2 

 Seldom 8 12.7 

 Total 63 100 

Part of Sardine preferred     

 Whole 8 19.5 

 Beheaded 55 80.5 

 Total 63 100 

Brand preference    

 802 8 19.1 

 579 16 25.4 

 319 10 15.9 

 124 16 25.4 

 215 4 6.3 

 978 5 7.9 

 Total 63 100 
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4.3.2.2 Effect of drying methods on consumer acceptability 

Figure 4.2 shows significant (p<0.05) difference in the mean hedonic score values of 

sardine samples in the overall acceptability from different drying methods. There was 

significant (p<0.05) difference in consumer acceptability between samples with solar dried 

sample being the most acceptable with values of 7.1 followed by rack dried sample (6.5) 

and ground dried samples being the least acceptable with value of 5.3. 

 

 

 

Figure 4.2: Mean hedonic score values of sardine samples in the overall acceptability 

from different drying methods with different superscript along the 

column are significantly different at p<0.05. 

 

4.3.2.3 Effect drying methods on consumer preference 

Results showed that, solar and rack dried samples were the most preferred samples with 

rank sum values of 175 and 208 respectively. As in acceptability, ground dried sample was 

the least preferred by consumers with rank sum value 257. 

 

The solar dryer dried sardine sample had high levels of acceptability and preference by 

consumers and obtained high scores by the taste panelists. This was attributed by 

appearance of silver colour, low bitterness taste and low sandiness due to hygienic and   

fast drying in solar dryer cabinet.  
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Table 4.4: Median and Rank sum values on consumer preference of sardine samples 

from different drying methods 

Drying method Median Rank sum 

Ground  4 257
a
 

Rack 3 208
b
 

Solar 3 175
b
 

Friedman chi-squared value =67.15, p value =0.2619x10
-15 

Least Significant Rank difference =38. 

Mean values with different superscript along the column are significantly different at p<0.05 

 

Similar analysis was reported by Chung et al. (2007) provided evident that drying in an 

enclosed solar drier enhances flavour, colour and appearance of dried product because it 

took  shorter drying time,  air passes over both sides and clean product is obtained Oduor 

et al. (2010) agreed with findings. This result is also in agreement with the study by 

(Oduor et al., 2010) reported that solar dryer produces clean product that suit consumer’s 

needs. However, high loading of sand and low appearance of silver colour in ground dried 

sardine makes it unacceptable to consumers. This was due to contamination of sardines 

with sand, pests, dust and unhygienically environment during drying. Poor quality of 

ground dried sardines resulted into development of off-flavour, bitter taste leading to low 

acceptable scores. Similarly problem was addressed by Ibengwe and Kristófersson (2012) 

and Thomas (2016) on effect of traditional sun drying method of sardine on consume 

acceptability. 

 

Therefore silver colour and low sandiness appeared to be the most important 

characteristics that influenced panel’s preference and acceptability of the solar dried 

products. Therefore solar dryer products were of better organoleptic qualities accepted by 

most consumers. 
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4.3.2.4 Effect of beheading on consumer acceptability 

Figure 4.3 shows the mean hedonic values of sardine samples from different body parts. 

The variation between the two parts was significant with beheaded samples having highest 

values of 7.3 than whole body samples with mean hedonic score of 6.2.  

 

Figure 4.3: Mean hedonic score values of sardine samples in the overall acceptability 

from different body parts with different superscript along the column are 

significantly different at p<0.05 

 

4.3.2.5 Effect of beheading on consumer preference 

Table 4.5 shows the preference of beheaded and whole body sardine samples. There was 

significant (v=282, p=0.0001) variation in preference between the two samples. The 

beheaded samples were most preferred by panelist with median value of 2.5 and rank sum 

of 175 than whole body samples with median of 4 and rank sum of 233. 

 

Table 4.5: Median and Rank sum values on consumer preference of sardine samples 

from different body parts 

Drying method Median Rank sum 

Beheaded 2.5 175
a
 

Whole 4.0 233
b
 

V = 282, p-value = 0.0001, Median difference -1 Mean values with different superscript along the 

column are significantly different at p<0.05 
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Results showed that beheaded sardine from all drying methods were mostly accepted by 

panelist. Panelist accepted beheaded sardines sample due to low sand content and good 

mouth feel during consumption. Sardines containing sand affect chewability and mouth 

feel, makes less appealing to consumers. Similarly problem was addressed by Mhongole 

and Mhina (2012) in the study reported bitterness of traditional sun dried sardines. This 

provides evidence why house hold/consumers prepare dried sardines for food at home by 

removing heads and intestines. Heads are removed to get rid from sandiness and improved 

chewability and flavor of sardines. Therefore most consumers prefer and accepted 

beheaded sardine and over 80% panelist consumed beheaded sardine with their related 

sensory attributes analysed.  

 

4.3.3 Preference mapping 

4.3.3.1 Principal component of descriptive sensory data  

Figure 4.4 shows bi-plot with the two first significant principal components from principal 

component analysis (PCA) on average sensory attributes. PC 1 accounted for 53% of the 

systematic variation in the data and is contrast between ground and solar dried samples 

associated with all attributes except taste on one side and rack dried sample on the other 

side associated with taste intensity while PC 2 accounted for 47% of variation it was a 

contrast between solar and sun dried samples. The results showed that solar dried samples 

were positively correlated with high intensity of golden and silver colour attributes and 

aroma while ground dried samples were positively correlated with high intensity of 

chewability and sandiness attributes.  
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Figure 4.4: Biplot of PCA showing systematic variation of sardine’s samples from 

different drying methods and their associated attributes in intensity 

values 

 

4.3.3.2 Relationship between descriptive data and hedonic liking by partial least 

square regression (Preference mapping)  

Figure 4.5 shows the results from a PLSR using descriptive data as X-variables and liking 

rated by the consumers as Y-variables. It shows that, the two first significant components 

described 100% of the variation in Y. Most consumers fall to the right of the vertical Y-

axis which means that consumer had highest preference for solar dried samples associated 

with colour. Very few consumers preferred ground dried samples associated with 

sandiness and chewability attributes. Interestingly, apart from showing the association 

between descriptive and hedonic data, PLSR had managed to detect the variation in 

sample liking which could not be detected by hedonic results. Further consumers preferred 

rack dries sardines sample associated with taste attributes. 
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Figure 4.5: Correlation loadings from a partial least squares regression of dried 

sardine samples with descriptive data as X variables and hedonic rating 

as Y variables. 

 

Preference mapping results showed that appearance in silver colour and low sandiness 

attributes in solar dryer were the most important drivers for positive consumer liking of 

solar dried sardines samples under the study. High in silver colour appearance was due to 

short drying time, by increasing temperature of drying air and precise control of moisture 

content at the muscle surface of drying sardines. This also reduces dark-coloured 

development in muscles (lipid oxidation). Lipid oxidation affects taste as it is associated 

with bitter taste development. Similar analysis was reported by Mhongole and Mhina, 

(2012). These results also agree with report by Thomas (2016) and Nguvava (2013) that 

colour and appearance are the initial quality attributes that attract person to go for a food 

product and thus considered as an index of the inherent good quality of foods associated 

with the acceptability of food. 
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Low load or absent of sandiness in solar dryer dried sardine samples was another attributes 

that impresses consumer liking solar dryer dried sardines. Absent of sand improves 

chewability and reduces physical hazard to consumer. Various studies in fish (Feng et al., 

2017; Nadia et al., 2011) and (Mongi et al., 2013) in fruits and vegetables have reported 

changes in textural properties during drying.  

 

Therefore, drying methods that retains most sensory attributes especially silver colour and 

low sandiness attributes are of greater consideration for consumer acceptability and 

marketability. Preference mapping results has shown close relationship between solar 

dryer and its attributes for liking the product. Low or absent of sand and colour appeared 

to be the most important characteristics that influenced panel’s preference for sardine 

dried products. 

 

4.4 Conclusion and Recommendations 

4.4.1 Conclusion 

This study reveals that the solar dryer has proven to be more efficient and reliable form of 

sardine preservation method using the ambient solar energy. The products were of good 

quality compared to rack and ground drying in terms of sensory profile. It also reduces 

beheading effect because the method produces dried sardines with low sand content and 

which appears clean influencing consumers to go for solar dryer dried sardine products. 

 

4.4.2 Recommendations 

As it is observed in this study, solar drying has effect on sensory quality of the dried 

sardines from Lake Victoria. Sand contamination and inferior sensory quality make them 

less accepted and unfit for human consumption. That is why most of consumers remove 
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heads and treat as waste instead of being used as direct source of protein for human. Due 

to this, the following recommendations may be put forward; 

i. There is need for proper education to the small scale off shore fish processors on 

how to handle and process sardines in a proper way so as to avoid any sort of 

contamination of products, be physical, chemical or microbiological. 

ii.  Use of proper facilities for drying sardines that enhances sensory attributes instead 

of just sun drying them over the sand or rocks, which contaminate the product i.e. 

Use of solar dryer, raise rack and modified methods that reduces contamination 

from physical, chemical or biological hazards. 
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APPENDICES 

 

Appendix 1: Quantitative Descriptive Sensory Evaluation Form 

Quantitative descriptive analysis (QDA) of beheaded and whole sardine 

Name………………………………………….Time……….………………………… 

Please evaluate each coded sample in the order they are listed. Choose appropriate number 

in a scale from 1 to 9, where 1 is low intensity and 9 is high intensity. How do you find the 

following characteristics for different sardines samples .Circle the appropriate number 

against each characteristic.  

Sample code 

Appearances 

Silver colour (Top body) 

Not silver  1 2 3 4 5 6 7 8 9 Very silver 

 Golden colour (Top body 

Pole       1 2 3 4 5 6 7 8 9   Very golden                                                                                           

Flavour/Taste  

 Not bitter  1 2 3 4 5 6 7 8 9 Very bitter 

Aroma  

Not aromatic 12 3 4     5    6 7 8 9 Very aromatic 

Mouth feel  

Not sandy     1 2 3 4 5 6 7 8 9 Very sandy                                                                                                                                    

Chewability (hardness)  

Not hard    1 2 3 4 5 6 7 8 9 Very hard 
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Appendix 2: Consumer Test Form of Beheaded and Whole body Sardine Sample 

P,        No.......................................Date…………………Time………………… 

Please evaluate each of the six coded sardine samples from left to right. Indicate how 

much you like or dislike each sample by checking the appropriate sample attribute and 

indicate your degree of liking (9-1) in the column against each attribute. Put the 

appropriate number against each attribute.  

Key: 9-Like extremely, 8- Like very much, 7-Like moderately, 6-Like slightly, 5- Neither 

like nor dislike, 4- Dislike slightly, 3- Dislike moderately, 2-Dislike very much, 1-Dislike 

extremely.  

 Sample Code 

Attribute 802 579 314 124 215 978 

Colour       

Aroma       

Taste       

Mouth Feel       

Chewability       

Overall acceptability       

 

Last we would be happy if you will answer some additional questions 

1. Gender (a) Female (b) Male 

2. Age group (a) 15-30 (b) 31-45 (c) 46-60 

3. Which group do you fit (a) Undergraduate (b) Postgraduate (c) Staff 

4. How often do you eat/consume product/s? (a) Daily (b) Once/week (c) Once/month (d) 

Seldom 

5. What kind of sardine do you prefer to eat/consume? (a)  Whole body (b) Beheaded 

6. Which brand do you prefer (a) 802 (b) 579 (c) 314 (d) 124 (e) 215 (f) 978 

 

Thank you for your cooperation 


