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ABSTRACT 

To increase the brewing yield and efficiency, malts with high extract values, high enzymatic 

activities, and good modification are essential. To produce malt that meets these requirements, 

the barley employed must have minimal post-harvest dormancy and be able to germinate rapidly 

and uniformly. The aims of this study were to compare the changes in seed germination vigour 

trends and the general storage stability of two Zimbabwean two-row malting barley varieties 

(Hope and Sierra) as the post-harvest storage time increased. Two samples of these commercially 

grown varieties were obtained and stored under room temperature laboratory conditions. At 

monthly intervals the samples had their germination index and energy determined using SAB 

Miller standards for malting barley analysis (controlled germination in an incubator at 18
o
C – 

21
o
C for 72 hours). In addition other quality parameters (nitrogen content, screenings, moisture 

content, water sensitivity and insect damage index) necessary to assess the storage stability of 

both varieties were also analyzed on monthly intervals using the same analytical standards as for 

germination tests. On the basis of the results obtained during the 13 months of post-harvest 

assessments it was found out that Hope had its Germination Index improving as storage time 

increased meaning that , the variety’s germination vigour improves with time. By the first month 

of the research the GI index for Hope was 8.7 and gradually it increased reaching 9.2 by the end 

of the research period. However on the other hand the seed germination vigour for Sierra 

gradually diminishes with time as indicated by the weak negative downhill correlation (r value = 

-0.24). As for other grain quality parameters (including moisture loss, insect damage index, 

germination energy and screenings) Hope proved to be more stable in storage than Sierra. Thus 

after considering germination performance and general storage stability it was concluded that 

Hope is a better malting barley variety than Sierra. 
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germination the shorter the time required to attain desirable modification during malting (hence 

the fewer the hours required for the germination stage). As a result the germination vigor / rate of 

germination determine the time required for malting, hence the malting efficiencies. Kwekwe 

Maltings has established a backward integration contract scheme with local barley farmers in all 

the farming regions of Zimbabwe in an attempt to have sufficient barley stocks to enable malt 

production throughout the year. As a result the company has the potential of receiving over 40 

000 tons of barley from a winter growing season inclusive of both Sierra and Hope malting 

barley varieties; hence a great need to have proper storage facilities which ensure barley retains 

its desirable malting qualities such as germination capacity and vigor during the prolonged 

storage prior to malting. According to the findings of the research done at the Carlsberg Research 

Laboratory , during prolonged storage, barley grain will slowly lose its vitality, causing a slower 

germination and even grain death, and will therefore be of less value for the malster (European 

Brewery Convention Congress / EBC 1989 and 1991).The rate at which barley loses its vitality is 

dependent on the storage conditions and the rate of the quality deterioration also depends on the 

differences of the genetic backgrounds of the varieties.                                               

1.2 Problem statement  

 

The storage time of malting barley at Kwekwe Maltings (KKM) is determined by the quantity of 

barley received from farmers for a particular growing season. For both the two varieties (Hope 

and Sierra) malted at KKM  just as in other varieties they are great possibilities for the 

germination vigour to vary with time but at different rates due to possible varietal differences in 

their physiological characteristics. Consequently for the same reasons stability of other quality 

parameters will vary during storage. No systematic scientific study has been done to determine 

trends of changes in seed germination vigour with increase in storage time for the two varieties 
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and further to analyse their storage quality stability. As a result Kwekwe Maltings lacks adequate 

experimentally proved information to justify whether or not the barley varieties they malt retain 

their desirable germination attributes for the same length of storage time. Due to this knowledge 

gap the organisation cannot explain if the compromised germination performances evident in 

some instances when barley is malted after prolonged period of storage are a result of the failure 

to meet standard storage conditions or an effect of varietal differences. As a result the researcher 

has found it necessary to carry out: A comparison of the changes in seed germination vigour with 

increase in storage time between Hope and Sierra malting barley varieties. 

1.3 Objectives of the study 

 

Broad Objective 

To determine the effect of storage time on seed germination vigour between Hope and Sierra 

malting barley varieties. 

Specific objectives 

 To determine how the extent and rate of germination for both Sierra and Hope barley 

varieties changes with increase in storage time. 

 To determine the general quality storage stability of Sierra and Hope Malting Barley 

varieties. 
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1.4 Research questions 

 

The researcher attempts to fulfil the requirements of the research topic by answering the 

following questions: 

 What are the differences in changes of seed germination vigour between hope and Sierra 

Barley varieties? 

 What positive and negative changes occur for various malting barley quality parameters 

in Sierra and Hope during storage?  

 What is relationship between changes in the quality attributes of the barley varieties to 

the germination vigour patterns as the storage time increases? 

1.5 Hypothesis 

 

 H0: There will be no significant differences in seed germination vigour with prolonged 

storage time between Hope and Sierra barley varieties. 

 H₁:  There will be significant differences in seed germination vigour with prolonged 

storage time between Hope and Sierra barley varieties.  

1.6  Assumptions 

The researcher assumed that: 

 The storage conditions which the samples were subjected to are the same as those for 

grain in storage silos and also uniform for both varieties.  

 

1.7` Significance of the study 
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Benefits to the Malster 

 A knowledge gap exist in regard to the trends of seed germination vigour for the malting 

barley varieties therefore a successful completion of this research will close the 

knowledge gap.  

 Germination vigour determines the time and conditions required for malting (thus has a 

direct effect on malting efficiencies) and hence the information comparing the trends of 

germination vigour of the two varieties is necessary for effectively determining 

processing cycles and conditions at various storage stages.  

 The research findings will be used to determine which of the two varieties should be 

malted first or kept longer in storage depending on the rate at which germination vigour 

diminishes or improves with increase in storage time under optimum conditions.  

 In the contractual farming in which Delta Beverages Kwekwe Maltings engage with the 

farmers, information to be obtained from the research findings is essential to determine 

the quantities of barley to be grown per each variety, so as to avoid growing of amounts 

of barley which cannot be malted in the time frame which the barley will be retaining 

high germination vigour.  

Benefits to the Researcher (Student) 

Successful completion of the research project will improve the research skills of the student and 

in addition the researcher will widen his understanding of malting science and technology. Also 

completing this research study will contribute to the partial fulfilment of the requirements of the 

Food Science and Nutrition Degree programme at the Midlands State University.  
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1.8 Limitations 

 

 Information specific to the barley varieties (Hope and Sierra) which is necessary to be 

able to reach well informed academic conclusions and interpretation of the findings is 

limited. 

1.9 Delimitations  

 

The scope of the research was restricted only to the two malting barley varieties (Hope and 

Sierra), malted at Delta Beverages Kwekwe Maltings. Only the malting barley harvested from 

the 2012 winter growing season was used for the research. The primary samples for both 

varieties were kept at room temperature under laboratory conditions at Kwekwe Maltings which 

is the same laboratory all the experiments were carried out.  
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1.10 Acronyms and Definition of terms 

 

GI:      Germination index 

GE:      Germination energy 

GC:       Germination Capacity 

TCW:       Thousand corn weight 

KKM:        Kwekwe Maltings 

IR:       Infra-Red  

FM:       Foreign Matter  

Malting:   Directed manipulation of barley growth aimed at attaining a specified 

 extract and enzyme yields (or simply the conversion of barley to malt). 

Barley:  A cereal plant belonging to the genus Hordeum of the grass family having 

awned flowers that grows in tightly bunched spikes with three additional 

spikes at the node.  

Cultivar/ Variety: Plants selected for desirable characteristics that can be maintained by 

propagation e.g. Sierra and Hope which have been selected for malting 

purposes 

Germination vigour:  The sum total of those properties of the seed which determine the level of 

activity and performance of the seed or seed lot during germination. 
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1.11 Summary 

 

The chapter gave an introduction to the research project. The chapter also included key elements 

such as hypothesis and contextual definitions of key terms used in this chapter and those that are 

to follow. The chapter sought to show and explain the rationale used by the writer to build up his 

research project.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

 

This chapter intends to review related theory in an attempt to establish the link between this 

study and already existing knowledge. In this chapter the major concepts encompassed within the 

scope of this study are fully defined and clarified. The major theoretical aspects explained in this 

chapter include those concerning the quality attributes of malting barley (including the influence 

of varietal differences), overview of the malting process including the relevant biochemistry. 

Also considerable attention has been given in discussing the concepts of grain germination 

vigour and the germination performance determination techniques.  

2.1 Malting definition and purpose  

 

The directed manipulation of barley growth to attain a desirable extract and enzyme yield 

(Malting) is defined by Briggs (1998) as simply the limited germination of cereal grains or, 

occasionally, the seeds of pulses, under controlled conditions. More specifically referring to 

barley malt, Gupta, Abu-Ghannam, and Gallaghar (2010) defines malting as the controlled 

germination of cereals, to ensure a given physical and biochemical change within the grain, 

which is then stabilized by grain drying. 

2.2 Malting barley 

 

Naidu (2008) notes that barley (Hordeum vulgare) is a type of cereal that belongs to the grass 

family (Gramineae) usually grown in winter and one of the ancient domesticated crops. 

Worldwide, the greatest use of barley is for malting purposes, most specifically for the brewing 
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industry. However, in recent years, there has been a growing interest in incorporating barley into 

the human diet because it is wholesome, readily available, and relatively inexpensive (Keenan, 

Coulson, Shamliyan, Knutson, Kolberg and Curry, 2007). The barley used for malting is 

technically called malting barley. Despite barley being the most malted cereal ,Briggs (1998) 

also notes that other cereals such as wheat (triticum aestivum) and sorghum (Sorghum vulgare) 

are also malted in notable quantities (the latter in Africa), and in other countries small amounts 

of rye (Secale cereale), oats (Avena sativum) and millets (various spp.) are also used .According 

to Kunze (1999) barley selected for use in the malting industry must meet special quality 

specifications which are essential for the accepted malting barley varieties to modify evenly and 

produce finished malt whose properties lie within the brewer's specifications. The malt quality of 

a given barley variety is determined by its genetic background and the physical conditions during 

growth, harvest and storage (Kunze, 1999). 
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Figure 2.1: A general view of a fully grown barley plant (extracted from Briggs; 1998) 

2.2.1 Characteristics of the barley grain  

 

Malting can be understood only by reference to the grain structure and the interactions which 

occur between the tissues hence it is essential to discuss the grain physiology in this literature 

review. Given below are both longitudinal and transverse cross sections diagrammatic 

representations of the barley grain which are followed by a description of the barley structure. 
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Figure 2.2: A longitudinal cross section of the barley grain (Briggs, 1998). 
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Figure: 2.3 Transverse cross section of a barley grain (Briggs, 1998). 
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Figure 2.4: Transverse sections on the dorsal sides of grains. (a) A protein-poor (low 

nitrogen) grain; (b) a protein-rich (high nitrogen) barley grain. (Briggs, 1998). 
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proteins are denatured and other nutrients chemically converted from their natural state (Ullrich 

and Eslick 1978). Proteins are among barley components that are essential for the quality of malt 

and beer. First, high-protein contents decrease available carbohydrates, with a negative influence 

on the brewing process (Frost, Leeds, Dore, Maderios, Brading, and Dornhurst, 1999 ; Fox, 

Onley-Watson,  and  Osman, 2002) and second, proteolysis (protease hydrolysis producing 

amino acids and peptides from hordeins) during malting and mashing is necessary for yeast 

metabolism (Moll, 1979). Finally, soluble proteins are important in beer head retention and 

stability. 

 The kernel has different tissues, with each serving a purpose. Fincher (1989) explains that the 

husk and the pericarp serve to protect interior constituents of the grain from mechanical damage. 

Both the husk and pericarp provide barriers to gaseous exchange between the interior living 

tissues and the exterior and therefore can limit respiration. This mechanical protection of the 

grain offered by the pericarp and the husk safeguard the grain from physical damage by moving 

machinery and this is of great importance during processes such as conveyance and turning 

during the malting process. Underneath the pericarp is the testa consisting of two cuticularized 

layers between which polyphenolic proanthocyanidins (colour pigments) usually occur (Briggs et 

al, 2004).  

The testa limits the inward diffusion of solutes which permeate the husk and the pericarp and 

also prevent the outward diffusion of amino acids, sugars and other essential soluble compounds 

in the grain (Briggs 1998).Briggs (1998) also notes that microbes though may be present in this 

region they can never penetrate the testa therefore it serves to separator the exterior from the 

interior regions of the grain for various important ways.  
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their varietal differences and thus different malting behaviours . In addition to morphology Hope 

and Sierra also differ in agronomic quality characteristics. The comparison of the varietal 

agronomic characteristics outlined in the following table is based on the information which was 

obtained from the Delta Beverages Agricultural Services Division , whose primary mandate is to 

develop barley varieties meeting the needs of the barley chain i.e. farmers , maltsters and 

brewers. 

Table 2.2: Comparison of the agronomic properties of Hope and Sierra 

 

Variety  Release 

Year 

Variety Description Variety Characteristics 

Strengths Weaknesses 

HOPE 2000  2 row variety 

of medium 

maturity (136 

days). 

 High yield 

potential. 

 High yield 

potential 

 Large plump 

grains 

 High malt extract 

 Good disease 

resistance 

 Poor 

standability. 

 Low grain 

nitrogen. 

 Pregerminates 

on the head 

easily. 

SIERRA 2006  2 row variety 

of medium 

maturity (136 

days) 

 High yield 

potential 

 Stiff strawed and 

excellent 

standability 

 Plump grain 

 Good disease 

resistance 

 Fair on 

 Extract values 

slightly lower 

than hope 



 

 

25 
 

pregermination 

 High malt extract 

 Ideal nitrogen 

1.78-1.88 

 

2.2.3 Quality Requirements for Malting Barley 

 

According to Kunze (1999) the malt quality of a given barley variety is determined by its genetic 

background and the physical conditions during growth, harvest and storage. The malting industry 

requires malt with high extract yield, high levels of enzyme activity and good modification to 

manufacture beer of excellent quality. The basic raw material for the production of beer is the 

malting barley whose quality is of primary significance. Therefore malting barley must be of 

good quality, able to germinate vigorously and be post-harvest mature to meet these 

requirements, Francakova, Liskova, Bojnaska and Marecek (2012). As a result before processing 

each batch of malting barley it is of paramount importance to assess a representative sample of 

each batch in order to verify its suitability for malting. As highlighted by Briggs et al (2004) the 

commonly assessed quality parameters in malting barley are moisture content , nitrogen content, 

screenings profiling, germinability and viability. Furthermore for best practise is done at 

Kwekwe Maltings they is need to determine the amount of foreign matter , corn damage index 

and estimate the degree of infestation. The Methodologies and significance of analysing these 

quality parameters in malting barley are covered in Chapter 3 of this research report. 
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2.2.4 Storage of Malting Barley 

 

Barley just like other cereals in general, is amiable to storage for relatively long periods of time 

and the storage conditions determine grain quality (Woods et al. 1994; White et al. 1999). 

Barley, a winter crop, is harvested at relatively low moisture content and when stored out of the 

weather and from insects and rodents, easily store for several years. Storage time is increased if 

the grain is stored under ideal conditions which are low temperature and moisture. Kunze (1999) 

explains that since barley is alive and produces heat by respiration, the warmer the barley is, the 

faster the rate of respiration increases and together with it moisture content and temperature. As a 

result of such conditions microorganisms such as bacteria and fungi proliferates, and furthermore 

most of the insects will also find their ideal conditions for growth hence the need to control both 

temperature and moisture. 

 At Kwekwe Maltings barley is stored in 8 silos made of reinforced concrete with a capacity of 

3500 tonnes each. According to Kunze (1999) such silos are have low conductivity, are fire 

proof and have maintenance costs as their advantages. Kunze (1999) also highlights the 

importance of aeration and recirculation of the stored malting barley in order to ensure even 

distribution of moisture and also prevent the building up of heat, both of which are natural 

products of respiration. At Kwekwe Maltings the silos lack mechanical stirrers and to 

compensate for this grain is circulated from one silo into another free silo or simply reticulated 

by moving it out of the silo and reloading it back into the same silo. To achieve the 

recommended temperature control at Kwekwe Maltings the barley is cooled by a suitable grain 

cooler called the granifigor which is connected from the bottom of the silos and blows cold air 

thus initially cooling the lowest layer of the barley .the air becomes warmed to the temperature 

of the grain and flows upwards through the silo to the top where it escapes through exhaust 
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vents. As a result any failure to control both the temperature and moisture during storage causing 

proliferation of microorganisms and insect infestation directly negatively impact on the 

germination performance of the grain during malting.   

2.3 Overview of the malting process 

 

Kunze (1999) defines the purpose of Malting as to produce enzymes in the barley kernel and to 

cause defined in its chemical constituents. Before discussing the theoretical concepts of the main 

stages of the malting process, given below is a flow diagram of giving a summary of the process 

steps at Kwekwe Maltings. 
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steep liquor the faster the uptake due to increased kinetic energy of the water molecules) and 

kernel size ( the smaller the kernel the less the distance for the water to move hence the faster the 

hydration).In addition to hydration Kunze (1999) notes that steeping also aims to  clean the grain 

by removing dust, micro flora, inhibitors ,removing all floating materials ,provide sufficient 

oxygen to corn respiration and remove produced carbon dioxide.  

If the oxygen is not supplied intra-molecular respiration will occur (other compounds will 

replace oxygen) which may lead to death of the grains resulting in a dead steep. To avoid such 

effects the grain is aerated to certain intervals of the steeping regime. Briggs (2004) to prevent it 

packing tightly and wedging in the steep it may be loosened and mixed by blowing air into the 

base of the steeping vessel. This also adds oxygen to the steep liquor. The oxygen is rapidly 

taken up, both by the grain and by the microbes that multiply on the grain and in the liquor. 

Steeping is followed by the germination stage and through the process activity called steep 

casting the hydrated grain is transferred from the steep tank to the germination vessel. At 

Kwekwe Maltings during casting an important plant hormone, gibber relic acid (GA) is added to 

the grain. The effects of GA include breaking dormancy, shortening germination time, increasing 

extract yield by about 1%, increasing extract fermentability and friability and an improvement of 

malt consistency. GA initiates synthesis of alpha amylase and limit dextrinase, increases 

synthesis of alpha glucosidase, beta glucanase, beta glucan solubilase, pentosanases and 

proteinases and it has no effect on beta amylase and peptidase (Kunze, 1999).  
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the nonreducing ends of amylose and amylopectin molecules (Bamforth and Quain 1989; Lewis 

and Young 1995). A range of fermentable sugars is produced from the action of these enzymes 

on starch during the mashing process. These include glucose, sucrose, fructose, and mainly 

maltose and also some low molecular weight  dextrins (Slack andWainwright 1980; Lauro and 

others 1993). 

 

Figure 2.6 Four successive stages of germination in the malting barley grains. Each pair of 

diagrams shows a vertical longitudinal section of the grain to one side of the sheaf cells, and the 

approximate extent of modification of the starchy endosperm, and a view of the exterior of the 

grain from the dorsal side. In (c) the grain is slightly under modified while in (d) it is overgrown 

or `overshot' and is known as a huzzar or a bolter. (Briggs, 1998.) 
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than seeds of poor vigour. Detail on the germination index test used to determine germination 

vigour in this research is given in Chapter 3 under the section on experimental procedures. 
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2.5 Conceptual Frame Work 
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 2.6  Chapter Summary 

 

This chapter covered the theoretical aspects concerning malting barley quality aspects and 

varietal influence on germination, the malting process, germination vigour concept and its 

methods of analysis. The literature discussed under this chapter is essential for effective 

interpretation, discussion of results, deriving academically factual conclusions, and 

recommendations. The next chapter will focus on research methodology. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

 

3.0  Introduction  

 

In this chapter a clear description of the methodology employed is given, highlighting all 

relevant procedures and activities done during the collection of data.   

3.1  Research Design 

In this study an experimental research design was adopted. An experimental research design has 

as its basis the elements of observation, inference, control and comparison which were required 

to adequately answer the research questions posed in this study. The researcher conducted 

experiments, observed quantitative measurements and recorded the data on simple work sheets 

designed to include all parameters that were experimentally examined. The experiments 

conducted included germination vigour and energy tests, determination of germination capacity, 

moisture content, protein content, water sensitivity, screenings, germination capacity and insect 

damage index.  

3.2 Research Population and Sampling Technique 

In this research study the research population comprised of the two malting barley varieties 

(Hope and Sierra) harvested from the 2012 winter growing season and stored in perforated 

sample bags under room temperature laboratory conditions at Kwekwe Maltings. In this research 

the simple stratified sampling technique was used, with the two barley varieties considered 

distinct strata and randomly creating average samples from each.  
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b. Corns in which the embryo, scutellum and aleurone have all stained a bright pink red colour. 

these corns are fully viable = x 

 

Picture 3: The researcher adding tetrazolium solution to a sample during the determination of 

germination capacity.  

3.3.5 Screenings characterisation  

 

Principle and scope 

Screening level is a measure of grain plumpness, with grain size being influenced by the amount 

of starch in the endosperm.  Grain plumpness is presented as either the proportion that passes 

through or retained by 2.5mm screen. A low variation in grain size improves the processing of 

barley in the malting plant.  High screenings affect the grain modification because small grains 

germinate faster than larger grains.  Small grains also have different steeping requirements to 
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larger grains.  High screenings are associated with reduced starch deposition relative to protein 

and hence thin grained barley is unacceptable for malting. In this study the results of the 

screening test will assist in establishing and analysing the relationship of the sample 

homogeneity to germination performance. 

Method 

Barley was differentiated by grain size in a shaking machine provided with three sieves having a 

slot of different widths.  A Pfeiffer sieving machine (manufactured 1997) driven by an electric 

motor crank is used at Kwekwe Malting.  The dimensions of the sieves were 43cm long and 

15cm wide.  The sieves were made of hardened brass.  The width of the slots of the sieve 1 were 

2.8mm, for sieve 2 are 2.5mm and sieve 3 2.2mm.  The speed of shaking was 300 to 320 

oscillations per minute and the total length of the platform is 18 to 22mm.  100-gram sample was 

taken from the primary sample and paced on the top sieve and the apparatus set in motion for 

five minutes.  The weights of each fraction was determined and expressed as a percentage of the 

total weight. 

3.3.6 Moisture content determination 

 

Principle  

This was done by a rapid moisture determination instrument (Brand Name: Pfeuffer, Model 

Number: He Lite). The Pfeuffer He Lite grain moisture meter (manufactured in 2010) determines 

the actual internal moisture content of the sample by grinding and appropriately compressing it.  

Method  
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Maltings. Secondly the researcher from his industrial internship developed the required technical 

competences to carry out the procedures and interpret the results accordingly. Thirdly all the 

necessary laboratory facilities and equipment required for successful completion of the 

experiments were provided by the Delta Beverages Kwekwe Maltings Quality Control 

department. In addition to ensure the reliability and validity of the results all analytical 

equipment were checked before use to confirm if the calibration status were not overdue.  

3.5  Summary  

 

This chapter gives a detailed account of the research methodology. Elaborated in this chapter are 

the research design adopted, the sampling techniques and experimental procedures carried out to 

obtain the required data and also the justification of their selection. It should be noted that all the 

experimental methodologies highlighted in this Chapter and utilised in this particular research 

study were extracted from the barley and malt analytical techniques manual used by Delta 

Beverages Kwekwe Maltings. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.0  Introduction 

This section will focus on data presentation, discussion and academic interpretation of the 

research findings. The data presented in this fourth chapter seeks to answer the research 

questions and also test the hypothesis outlined in earlier in chapter one of this research report. 

For effective presentation of the results tables, figures and text will be utilized. The results of the 

physiological changes which the malting barley varieties underwent during post-harvest were 

analysed by linear regression basing on the magnitudes of the r values which measures the 

strength and direction of correlation between the variables.  
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4.1 Results  

 

 

Figure 4.1: Comparison of moisture content trends 

Fig 4.1 shows   progressive moisture content loss for Hope and Sierra varieties. Hope and Sierra 

both recorded strong negative downhill correlations with r values of -0.966 and -0.941 

respectively. In the first month the varieties had an average moisture content of 12.5%, which 

continued to decrease during storage down to an average of 8.6% by the 13
th

 month. 
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Figure 4.2 Comparison of the protein content trends 

For the protein content, both Hope and Sierra recorded positive uphill correlation. Sierra had a 

strong positive correlation as denoted by the r value of 0.724 and Hope had a weak positive 

correlation as denoted by the r
2 

value of 0.369.as presented in fig 4.2 the protein content of both 

varieties though changing with time remain within the acceptable limits with Sierra which 

naturally have higher nitrogen content reaching the upper limit at some point. 

 

 

HOPE Trend analysis 
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Figure 4.3 Comparison of the insect damage index trends 

The insect damage index increased during storage (Fig 4.3), with both varieties having moderate 

positive uphill correlation. Hope had an r value of 0.515 and Sierra had 0.596. During the first 

month for the two varieties the insect damage index had an average of 0.07% but by the end of 

the study after 13 months of storage the average had increased to 0.83%. 

 

 

 

Hope trend analysis 
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Figure 4.4 Comparison of < 2.2 screenings trends 

For the < 2.2mm screenings both varieties changed in the index values but still remained within 

the threshold limit of not exceeding 3%. Hope with an r value of 0.623 had a moderate positive 

correlation whilst Sierra had a strong positive uphill correlation (indicated by the r value of 

0.771).During month one the average < 2.2mm screenings index value was 0.61 for both 

varieties but by the end of the research it had increased to 0.87.  

 

 

 

Hope trend analysis 
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Figure 4.5 Comparison of germination capacity trends 

Both Hope and Sierra malting barley varieties maintained desirable germination capacity scores 

which were above the 97% expected standard throughout the post-harvest storage (Fig 4.5). 

During the course of the research Hope showed no correlation for the GC as storage time 

increased (indicated by the r value of 0.716), whilst a very weak negative downhill correlation 

close to zero was noted in Sierra (indicated by the r value of -0.038). 

 

 

Hope trend analysis 
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Figure 4.6 Comparison of germination energy trends 

For the germination energy trends observed, as the time in storage increased both Sierra and 

Hope malting barley varieties have strong downhill negative correlations. The decrease in 

germination energy is significantly pronounced in both varieties with Hope and Sierra having r 

values of -0.716 and -0.862 respectively. From the first month germination energy for both 

varieties remained below the expected 98% standard. 

 

 

Hope trend anylsis 
y = -2.174x + 97.84 

R² = 0.512 
r = -0.716 

Sierra trend analysis 
y = -3.836x + 108.3 

R² = 0.743 
r = -0.862 

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10 11 12 13

G
E%

 

MONTHS 

Lower limit

HOPE

SIERRA

Linear (HOPE)

Linear (SIERRA)



 

 

55 
 

 

Figure 4.7 Comparison 8ml GE sample 

Both Sierra and Hope barley varieties had their 8 ml GE indices decreasing as time in storage 

increased as shown by the negative downhill correlation trend lines. The r values showed that the 

strength and direction of the correlation is more pronounced for Sierra ( r value = 0.862 ) than for 

Hope ( r value = 0.716 ) 
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Figure 4.8 Comparison of water sensitivity trends 

For the water sensitivity, increase in storage time was characterised with a positive uphill 

correlation for both malting barley varieties. Hope recorded a moderate positive uphill 

correlation with the r value of 0.646 and on the other hand the correlation in Sierra was strong as 

denoted by the r value of 0.809.By the 13
th 

month both varieties had become water sensitive, 

with the Sierra exceeding the water sensitivity limit early around month 8 and Hope at a later 

stage around month 11.  
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Figure 4.9 Comparison of the germination index trends 

As time in storage increased seed germination vigour as indicated by the germination index (GI) 

did not uniformly change for the two varieties, with both varieties having opposite correlation 

directions. The trends shows a moderate positive uphill correlation for Hope as denoted by the r 

value of 0.516 .Sierra recorded as extremely weak negative downhill correlation with an r value 

of -0.24 which is almost an indication of no correlation.  
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4.2  Hypothesis testing  

H0: There will be no significant differences in seed germination vigour with prolonged storage 

time between Hope and Sierra barley varieties. 

H₁:  There will be significant differences in seed germination vigour with prolonged storage time 

between Hope and Sierra barley varieties.  

Table 3 Tabular two tailed t test results (for hypothesis testing) calculated using the graph 

pad statistical package.  

Parameter Value 

Table Analyzed Data 1 

Column A HOPE (GI) 

vs vs 

Column B SIERRA (GI) 

  

Unpaired t test  

  P value 0.2798 

  P value summary ns 

  Are means signif. different? (P < 0.05) No 

  One- or two-tailed P value? Two-tailed 

  t, df t=1.132 df=12 

  

How big is the difference?  
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  Mean ± SEM of column A 8.600 ± 0.3086 N=7 

  Mean ± SEM of column B 8.014 ± 0.4154 N=7 

  Difference between means 0.5857 ± 0.5175 

  95% confidence interval -0.5420 to 1.713 

  R squared 0.09645 

  

F test to compare variances  

F,DFn, Dfd 1.812, 6, 6 

  P value 0.2439 

  P value summary ns 

  Are variances significantly different? No 

Decision:  If t calculated< critical we fail to reject null hypothesis and If t calculated> t critical we reject 

null hypothesis 

Actual Decision: 1.132 > 0.695 (t calculated> t critical); therefore we reject null hypothesis.  

Conclusion  

H₁:  There will be significant differences in seed germination vigour with prolonged storage time 

between Hope and Sierra barley varieties. 

 

 

 



 

 

60 
 

4.3  Discussion  

 

In this research two commercially grown Zimbabwean bred malting barley varieties (Hope and 

Sierra) were assessed, with the aim of comparing the changes in germination vigour and general 

storage stability during post-harvest storage. Samples of both varieties were from the 2012 

winter growing season and after harvesting, for the research purpose they were stored under 

room temperature laboratory conditions for the 13 months period. Studies done by Woonton, 

Jacobsen, Sherkat and Stuart (2005) for the Intentional brewing institute on the storage stability 

of Australian malting barley varieties showed that storage at room temperature positively 

influenced the germination characteristics of all samples, with concomitant improvements in 

hydrolytic enzyme production during malting and in a number of malt quality parameters. This 

research commenced with both varieties having fairly minimal dormancy as signified by high 

germination capacity and energy scores. 

 For germination capacity both varieties retained the desired score of GCs above 97% throughout 

the course of the study (Fig 4.5).The germination capacity score gives an indication of whether 

the barley would germinate or not germinate when exposed to the conditions necessary for 

germination. In this case both varieties demonstrated desirable germination capacity which is the 

ability to germinate or in other terms grain viability for the 13 months postharvest storage. 

Briggs (1998) notes that the failure of grains to germinate thus low viability is because they are 

dormant or dead, with dormant grains being alive but at least not able to germinate under the 

conditions necessary for the non-dormant grains to germinate. Therefore the high GCs (above 

97%) recorded for both varieties throughout the postharvest storage explains that this study 

commenced after the dormancy had been broken and that the storage conditions maintained the 

grains alive during the course of the study since barley grains will cease to be alive when 
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exposed to harmful toxic chemicals, insect or fungal attack and damaging physical conditions 

during storage.   

The 4ml GE test (a measure of the extent of germination) provides the conditions necessary for 

germination and thus is a test for dormancy and malting ability. GE indices of scores less than 

98% ( below the acceptable limits set by Kwekwe maltings) were observed for both varieties, 

with analysis of figure 4.6 clearly showing that both varieties have their extent of germination 

decreasing with increase in storage time. The loss on the desirable ability to germinate is seen to 

be more pronounced in Sierra which had an r value of -0.8625 as compared to the r value of -

0.716 calculated for Hope .Differences between the germinabilities of the barley varieties are 

substantial. In addition to physiological differences and storage conditions, Briggs (1998) also 

notes that differences in inherent varietal attributes (influenced mainly by the genetic makeup) 

also affect germinability and recovery from dormancy. There are many other possible factors that 

may be influencing the changes in germination, enzyme production and malt quality with barley 

storage. Changes in the rate and extent of water uptake, the quantity of endogenous hormones 

and the aleurone response to hormones may all be associated with the observed changes during 

storage of barley (Woonton et al, 2005). Thus this serves to explain why differences were 

observed in the germination trends for both the 4ml and 8ml germination energy tests. The 8ml 

GE test recorded also a negative downhill correlation for both varieties as the storage time 

increased. Since the 8 ml GE test employs double the amount of water, this test gives a measure 

of barley water sensitivity. 

 Analysis of the r values and the trends presented in figure 4.8 (which gives an overview of the 

calculated water sensitivity indices) shows that Sierra becomes more water sensitive with time as 

compared to Hope ( Hope r value = 0.646; Sierra r value = 0.809). As the grain ripens the 
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as the grains naturally continued to dry out. This results in a change in the mass of the grains and 

obviously shrinkage of the kernels. Consequently it would be expected that Hope whose 

moisture content loss trend line indicates a stronger negative downhill correlation (r value = -

0.966) than that of Sierra (r value = -0.941) would have a screenings index signifying a stronger 

positive correlation than Sierra. However this was not the case in this study and this can be 

chiefly due to the fact that Sierra as one of its varietal physiological characteristic is naturally 

less plump and any slight moisture losses will significantly amount to an increase the percentage 

of screenings (undersized grains). 

 For the insect damaged index (see figure 4.3) both varieties recorded moderate positive uphill 

correlations meaning that insect infestation increased gradually with time almost at the same 

degree in both varieties. This probably also explains that the varieties had the same initial 

moisture ranges and were stored under same conditions since the degree of insect infestation is 

due mainly to moisture content and storage conditions (Hoseney, 1994). Most damaging insects 

including the granary weevils which were observed in this research have their growth restricted 

by moisture content below 9% (Hoseney, 1994). The grain was stored at relatively safe storage 

moisture (less than 13%) to avoid proliferation of microbes such as fungi and moulds; however 

the moisture was not low enough to hinder growth of damaging insects such a weevils. Finally 

for the protein content just as outlined in Chapter 2 of this report (see table 2.1) Sierra has 

naturally higher protein content than Hope and this difference was maintained throughout the 

post-harvest period storage, with Sierra having a moderate positive uphill correlation and Hope a 

weak positive correlation for the protein content trend lines ( see figure 4.2). 
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4.4  Chapter Summary  

 

This chapter focused on data presentation, analysis (including hypothesis testing) and discussion 

of the research findings. The findings were displayed in the form of linear regression graphs with 

the intention of clearly outlining the differences and similarities on the trends of the various 

parameters which were used to compare the storage stability of Hope and Sierra malting barley 

varieties with great emphasis being placed on the changes in germination performance. The next 

chapter will focus on the summary, conclusions and recommendations.  
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is the same laboratory all the experiments were carried out according to the SAB Miller malting 

analytical procedures.  

Generally this research can considered successful as all the stages of the research process from 

the inception of the research topic , through phases of data collection and analysis of results were 

completed. The research samples (Hope and Sierra varieties) were successfully kept under 

uniform laboratory conditions for a 13 months period which is reasonable enough to analyse and 

compare the trends of relevant parameters for the two varieties.  

 Chapter one of this write up gives a detailed account of the statement of problem, background of 

this study, research questions, research objectives, possible limitations, delimitations and the 

significance of this study. Chapter two covered the relevant theoretical aspects which were 

mainly revolved insights into malting barley varieties and quality aspects (with emphasis on 

germination attributes), malting barley storage requirements and an overview of the malting 

process (highlighting on the necessary biochemistry concepts).in chapter three a concise outline 

of the methodology employed during data collection indicating all the experimental procedures 

which were utilised during the course of the studies. Information about the study population, 

sampling procedures and sample preservation, principles of the analytical techniques, 

experimental procedures and their material requirements is given in chapter three. Chapter for 

comprises of the presentation of results, data analysis and discussion of the results.  
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5.3  Conclusion  

 

From the results presented, analysed and discussed in the previous chapter it was clear that 

differences exist in the trends of the parameters used to compare the two barley varieties. From 

this research it is concluded that Hope is more stable in storage for most quality specifications 

(including germination vigour) than Sierra. The germination index (germination vigour) 

significantly changed during the 13 months of post-harvest storage under room temperature 

conditions, with Hope having its GI improving with time whilst on the other hand the GI for 

Sierra diminished with time. This means Hope retains a more desirable germination vigour 

performance during storage than Sierra. Analysis of the results for germination energy, 

screenings, and rate of moisture loss, insect infestation and water sensitivity demonstrated that 

Hope is more stable during storage than Sierra though the differences in these parameters are less 

significant as compared with the differences in GI trends.  

5.4  Recommendations 

 

Having concluded that Hope is a better malting barley variety than Sierra as far as storage 

stability is concerned the following recommendations have been made:  

 In the contractual farming which Delta beverages engages with barley farmers through its 

Agric Services department its best advised that they minimize the quantity of the Sierra 

barley variety to be grown, since its quality has proved to diminish more significantly as 

compared to Hope during post-harvest storage.  

 Since the germination vigour of Sierra declined whilst that of Hope increased during 

storage , this research recommends that once both varieties are in storage at the maltings 
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Sierra should be malted first and at a much quicker rate than Hope so as to quickly 

exhaust  its stores whilst the germination vigour is still desirable.  

 This research challenges the Delta beverages Agric services responsible for barley 

development to develop another variety which can perform better than Sierra as far as 

storage stability is concerned to prevent over dependence on Hope.  

 For verification of these results by analogy the researcher proposes that this study be 

repeated using the same varieties and methodology employed. It will be of an added 

advantage to include micro malting and malt quality analysis in a bid to assess how the 

post-harvest changes at different stages of storage would be influencing enzyme yield, 

extract values and other malt quality parameters.   

 

 

 

 

 

 

 

 

 

 

 

 

 
















