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ABSTRACT 
 
 
 

AN EVALUATION OF BROWSE SILAGE PRODUCTION AS 
A FEED COMPONENT FOR ZOO HERBIVORES 

 
 
 

Thierry Lachance                                                                                   Advisor: 
University of Guelph, 2012                                                                    Professor J. L. Atkinson 

 

 Browse is an essential part of many zoo animals’ diet. Exotic zoo animals cannot always 

be provided with sufficient browse due to limitations caused by climate. This is where the use of 

browse silage comes in. The production of silage from browse is not well developed and though 

used worldwide, it is done predominantly by hand. The speed of the ensiling process had to be 

increased. This was done by the development of the browse press. Apple browse was as the 

browse species for this study. Leafy stems were placed in 30L drums and subsequently 

compressed with the browse press. A total of 62 drums, with an average weight of 16kg, were 

made. Apple browse silage averaged 41.6% DM as well as 7.6% CP, 44.9% NDF, 36.3% ADF, 

14.0% lignin, 2.6% starch, 1.46% calcium, 0.13% phosphorus, 2.06% fat and 6.33% ash. The 

nutritional values obtained from the analysis are generally comparable to those found for browse 

silage in the literature. 
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CHAPTER 1 

INTRODUCTION  

 Browse plants are one of the most important components of a browsing animal’s diet and 

yet one of the hardest feeds to provide to captive animals in sufficient amounts year round.  Due 

to the adaptive features of the digestive tract anatomy and physiology of browsing herbivores, 

hays and other dried feeds and forages (such as straw or soy bean meal) are not suitable 

substitutes for browse and can actually cause digestive tract malfunctions when fed to certain 

browsers (Schwartz, 1992). As management and animal care practices improve in zoos around 

the world, feeding browse is quickly climbing the list of nutritional priorities. 

 Commonly, the majority of browsing animals in zoos only receive a fraction of browse 

they would normally be eating in the wild. Part of the problem lies in the logistics of browse 

growth and collection. In contrast to crop forages such as alfalfa or timothy, which have an 

extremely fast rate of growth, some, but not all, browse producing plants can take several years 

to grow to a harvestable volume (e.g. Apple). Browse harvest is not as developed as the harvest 

of crops, most browse plants having a large woody stem that makes mechanized harvesting 

difficult. This means that in most cases, manual harvesting is required for browse plants, which 

makes collection of sufficient feed problematic. 

 In temperate climates, browse plants do not keep their leaves year round and finding 

sufficient sources of browse throughout the winter can be a challenge to any institution housing 

browsing herbivores. Drying and freezing can be used as ways of preserving browse but tend to 

be impractical and costly. Ensiling browse is an option that has yet to be explored more 

extensively and remains a foreign concept to many nutritionists. Those who have been ensiling 

browse often pass branches through a chipper in order to facilitate handling and increase ease of 
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compaction. Though chipped browse may fulfil certain browsers’ requirements, others tend to 

benefit more from whole leaves and smalls stems similar to what they would naturally consume 

in the wild (Hatt et al. 2005, Lukas 1999, Shoshat et al. 1997). 

 Several goals needed to be achieved in this study in order to consider it a success. The 

overall mechanization of ensiling browse needed to be more efficient. The ensiled browse 

needed to be stable during storage, the product had to be free of moulds and toxins and finally 

the browse silage needed to be palatable and appealing to browsing herbivores.  

 We hypothesized that 1) browse nutrient composition will be influenced by the stage of 

growth at harvesting and 2) the composition of stored browse silage will be stable over time, 

meaning that nutrient value will not vary between short and long ensiling and storage periods. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Overview 

 This review will cover the primary aspects and properties of browse plants, including 

their general description and composition followed by the adaptations of browsing herbivores 

regarding their morphological and physiological differences to grazing herbivores. A general 

concept of silage production will then be introduced, highlighting the importance of proper 

fermentation and factors necessary in the production of good quality silage. 

 

2.2 Browse   

 Plants can be divided into three main groups: grasses, forbs and browse. Grasses are 

categorised as monocotyledons belonging to the family Gramineae and their leaves are blade 

shaped with parallel veins. Forbs are dicotyledons, which is a general term that refers to any 

herbaceous, broadleaf plant without regard to family classification. The leaves of forbs have 

veins that are netted or branched, not paralleled as in grasses. Browse plants are for the most part 

taller, such as trees, shrubs and vines and also have woody stems. The term “browse” can 

encompasses a wide range of plant parts but typically refers to the leaves, twigs and bark of 

trees, shrubs and bushes. It also includes shoots, buds and flowers of the same plants where 

seasonally available (Clauss et al., 2003 (2)). The structural and chemical differences between 

grasses and browse are an important aspect in determining how effectively these food sources are 

utilised by herbivores. Browse plants generally contain a higher amount of cell content and 

proportionally less cell wall than grasses do although this will depend on the part of the plant as 

well as its stage of growth. They are also more lignified and contain more plant secondary 
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metabolites (PSM) such as tannins and other polyphenolic compounds (Balogun et al., 1998) 

particularly once they mature. Grasses have less lignified cell walls and can more readily 

undergo cellulolysis by microorganisms (Duncan and Poppi, 2008). Table 2.1 indicates some of 

these differences.  

 

Table 2.1 - Structural and chemical differences between browse and grasses  
(Clauss et al., 2008). 

 

Characteristic Browse Grass 

Location Forests Open environments 

Growth patterns Varying heights Low to the ground 

Bite size homogeneity Less More 

Resistance to chewing Less More 

Abrasive components Less More 

Protein content More Less 

Fibre Lower Higher 

Lignin Higher Lower 

PSM More Less 

Speed of digestion Fast Slow 
Overall digestibility Less More 

 

 

 One of the main reasons for the difference in the presence of PSM between browse and 

grasses is thought to be related to the position of their meristem. The meristem is a group of cells 

within the plant that are capable of division and growth. Grasses have a meristem that is close to 

the ground and therefore less likely to be eaten by grazing animals. Browse plants on the other 

hand have meristems located on all shoot tips which makes the loss of these tissues a more 
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severe consequence. It is for this reason that browse plants are thought to have a more extensive 

defence system like PSM, thorns and woody stems (Duncan and Poppi, 2008). 

 Due to these differences, browsers, with most of their nutrition derived from rapidly 

fermentable cell contents, have adopted a strategy of passing heavily lignified browse material 

more rapidly through their gastrointestinal tract (Duncan and Poppi, 2008). Grazers have a 

tendency to retain grasses in their rumen and /or overall gastro-intestinal tract (GIT) for longer 

periods of time to allow maximum opportunity for micro-organisms to digest cell-wall material.  

 

2.2.1 Plant secondary metabolites 

 PSMs cover a wide range of biological compounds produced by the plant, some of which 

are thought to protect the plant against herbivore predation.  Those that are better known and 

studied are usually the ones with more agricultural importance (Mueller-Harvey, 2006), but their 

ecological impact has been extensively studied, primarily in insects but also in vertebrates (Faeth 

and Bultman, 1986; Mueller-Harvey, 2006).   

For the most part, PSMs are generally rare in grasses but are abundant in most browse 

species (Nijboer et al., 2006). These compounds may directly exert negative effects in a number 

of ways including limiting the availability of nutrients to the animal. Condensed tannins (e.g. 

procyanidins), a large family of PSM, form complexes with proteins, carbohydrates, starches cell 

wall components and trace minerals such as iron, effectively decreasing their absorbability 

(Mueller-Harvey, 2006). Other classes of PSM such as terpenes will inhibit microbial 

proliferation. Furthermore, some PSM can exert their effects after absorption and distribution to 

bodily tissues. Alkaloids such as the pyrrolizidine alkaloids can form stable pyrroles in the liver 

that act as cumulative hepatotoxins (Duncan and Poppi, 2008). These compounds can also be 
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beneficial, for example, tannins can be helpful in ruminants by promoting better utilisation of 

proteins, improving fertility and improving animal welfare through prevention of bloat and 

maintenance of a lower intestinal parasite burden (Mueller-Harvey, 2006). 

   

2.3 Browsing and grazing herbivores 

 Herbivorous animals make up a large proportion of animals in many zoological 

institutions. Classification guidelines are useful tools helping us to understand where zoo 

herbivores belong amongst the spectrum of browsing and grazing animals. The problem with 

these herbivore classifications is that they are not as simple as these might imply, since many 

species vary their eating patterns depending on season, availability and region, as well as body 

size (Van Soest, 1994). Certain browsers will vary their diet seasonally to take advantage of 

available forage (e.g. Moose). Some have the ability to pass large volumes of plant materials 

through their digestive tract in order to ingest enough readily available components. Intermediate 

feeders will consume immature grasses early in the season and move on to browses as forage 

matures (Van Soest, 1994). Grazers typically remain on grasses year round but range in 

selectivity from temperate to tropical climates, often mirroring their water requirements (Van 

Soest, 1994). Figure 2.1 represents the classification of herbivores given by Demment and Van 

Soest (1983). Animals are positioned according to their degree of selectivity in feeding 

behaviour and the proportion of grass or browse in the diet. The arrows represent mobility of a 

species with respect to the axes. Langer (1988) proposed a similar classification system, rating 

animals based on their preferred foods (Table 2.2). 

 Hofmann (1988) initially classified ruminants into three major classes based on their 

feeding preferences: concentrate selectors, intermediate feeders and bulk and roughage eaters, 
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categories which were subsequently extended to herbivores more generally by Van Soest (1994) 

(Table 2.3). Browsers, also called concentrate selectors, eat primarily dicotyledonous plants such 

as forbs, shrubs and trees, collectively termed browse; intermediate feeders eat a combination of 

grasses and dicotyledonous plants depending on seasonal availability while bulk and roughage 

eaters, otherwise known as grazers, eat primarily grasses (Janis, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.1 - Classification of herbivores based on diet (Demment and Van Soest, 1983) 
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Table 2.2 - Langer’s types of herbivores and their preferred foods (Van Soest, 1994) 
 
Herbivory Rating Preferred food Feeding type 

1 
Animal material, fruits, tubers, and other 
reserve organs; only occasionally buds and 
shoots 

Omnivore 

2 
Occasional animal material; plant parts: 
fruits, tubers, seeds, buds, flowers, leaves, 
sap 

Concentrate selector 

3 
Plant parts: fruits, tubers, seeds, buds, 
flowers, leaves, sap; 30-40% in buds, 
blossoms, leaves and young shoots 

Concentrate selector 

4 
More than 60% leaves, shoots, blossoms 
and other plant parts; the rest are fruits, 
tubers, seeds and buds 

Intermediate feeder 

5 
Predominantly leaves, buds, plant stems, 
and considerable amounts of grass 

Bulk and roughage feeder 

6 Specialized obligate grazers Bulk and roughage feeder 
 

 

 

Table 2.3 - Hofmann’s classification of herbivores (Van Soest, 1994) 
 

Class Ruminants Nonruminants 
Concentrate selectors: 
-Fruit and foliage selectors 
-Tree and shrub browsers 

 
-Duikers, Suni 
-Deer, Giraffe, Kudu 

 
-Rabbits 
-Sumatran and Black Rhinoceros 

Intermediate feeders: 
-Prefer forbs or browsing 
-Prefer grass 

 
-Moose, Goats, Eland 
-Sheep, Impala 

 
- 

Bulk and roughage eaters: 
-Fresh grass grazers 
-Roughage grazers 
 
-Dry region grazers 

 
-Buffalo, Cattle, Gnu, Kob        
-Hartebeest, Topi 
 
-Oryx, Camel, Roan, Sable  
Antelopes 

 
 
-Horses, Elephants, White and 
Indian Rhino, Zebra 
-Kangaroos 
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2.3.1 Foregut versus non-foregut fermenters 

 Foregut and non-foregut (hindgut) fermenters are two groups of animals both having the 

ability to ferment their ingested foods, but at different locations along their gastrointestinal tract 

(GIT). Foregut fermenters (Figure 2.2a) such as cattle and other ruminants have a fermentation 

chamber (rumen) at the anterior end of their GIT prior to the gastric stomach, but also have a 

smaller fermentation region in their hindgut. In hindgut fermenters (Figure 2.2b), such as 

elephants and horses, only a large hindgut fermentation chamber is present. Their stomach is 

used solely for conventional gastric digestion and the large intestine and caecum are the 

fermentation chambers. The same applies to rodents but their fermentation chamber is typically 

the caecum (Chivers and Langer, 1994). 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 - Simplified diagram of foregut (a) and non-foregut (b) fermenting herbivores. 

a 

b 
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 Both fore and hind gut fermentations have their benefits and drawbacks. Fermentation 

processes are anaerobic and produce small readily absorbable short chain fatty acids (SCFA) in 

both systems. However, in foregut fermenters, part of the materials microbes use for cellular 

growth are utilized by the host, since the microbial nutrients become available to the animal by 

subsequent acid digestion in the gastric stomach (abomasum) and in the small intestine. The 

down side is that cell contents such as simple carbohydrates, which could have been used by the 

host animal, are metabolized (fermented) by the microbes and therefore are no longer available. 

The opposite is true in hindgut fermenters where microbes and their products are lost in the 

faeces, but feed cell contents are digested by the gastric stomach and absorbed by the small 

intestine before they reach the site of fermentation (Chivers and Langer, 1994). Having a site of 

fermentation before the region where the majority of absorption takes place is considered 

functionally more advantageous than having a fermentation site at the end of the GIT (Langer, 

1988). Ultimately it is important to consider the feed source and the design of the GIT as well as 

other factors, such as behaviour, in order to optimize functionality of digestion. 

 

2.3.2  Browsing versus grazing gut adaptations 

 Ruminant animals differ in their physiology when it comes to rumen size and overall 

gastrointestinal proportions. Browsers and intermediate feeders tend to have larger hind-guts 

relative to rumen size but smaller rumens (relative to body size) than grazers (Van Soest, 1994). 

Overall, browsers have a smaller rumen with a less developed musculature, more even 

papillations throughout and a less developed omasum (Tschuor and Clauss, 2008). Their ruminal 

structure is geared towards less selective retention and greater passage of available carbohydrates 

to their small intestine. This “bypass”, generally more limited in grazers, is an important  
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component of digestive adaptation in herbivores (Van Soest, 1994).  

 Rather than labelling the differences between browsers and grazers as limitations, Van 

Soest (1994) highlighted them as specialisations. Browsers prefer to consume the leafy and more 

nutritious parts of woody plants, which are far more lignified than most poor quality grasses that 

grazers may encounter. Having a rapid passage 6rate, they digest mainly cell contents and easily 

digestible cell wall components. The cell walls of woody plants are so lignified that browsers 

gain no advantage in trying to retain and utilise them. Grazers are adapted to highly fermentable 

cell wall content and derive most of their energy from cellulolytic fermentation (Van Soest, 

1994). Their digestive limitation is therefore set by the quality of the forage's cell wall. Grazers 

will typically consume food on fewer occasions throughout the day, but for longer periods of 

time (Figure 2.3). Browsers on the other hand will spend shorter periods of time feeding on any 

one occasion but will feed more frequently throughout the day (Schmidt and Kendrick, 2009). 

 

2.3.3 Adaptation against dental abrasion 

 Hypsodonty is a primary distinction between browsers and grazers, being more 

prominent in grazers (Clauss et al., 2008). Hypsodont teeth are high crowned, meaning that the 

crown of the tooth is vertically elongated compared to the more primitive mammalian condition 

of brachydonty (low crown) (Damuth and Janis, 2011).  In contrast to brachydont teeth, where 

the entire crown of the tooth is above the jaw bone on initial eruption, some of the crown of 

hypsodont teeth will remain below the jaw line and emerge later in life as the original crown 

wears down (Damuth and Janis, 2011). 
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Hence, hypsodont teeth take a greater amount of time to wear down, being more resistant 

to wear, which is thought to be an adaptation against an abrasive diet consisting primarily of 

grasses that tend to have a high silica contents (Mendoza and Palmqvist, 2007).  Though as a 

general rule grazers have hypsodonty and browsers do not, (Damuth and Janis, 2011), Figure 2.4 

compares hypsodonty index to habitat type for a range of animals from grazers to browsers and 

indicates that there is a gradual progression in tooth adaptation between the two feeding groups.  

 

Figure 2.3 - Ruminant feeding types, rumen complexity and feeding rhythms of browsers 
and grazers (Hofmann, 1988). 
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Figure 2.4 - Relationship of mean hypsodonty index to diet and habitat type of ungulate species 
(Damuth and Janis, 2011). 
*According to Damuth and Janis (2011), this pattern indicates statistically independent relationships of hypsodonty 
with both diet and habitat in living species. Species eating greater proportions of grass (regardless of habitat) have a 
higher hypsodonty index. At the same time, species living in more open habitats have higher hypsodonty than those 
in closed habitats, irrespective of diet. 
 

2.3.4 Digestion kinetics 

 Browsing and grazing herbivores have evolved in very different ways as to how they 

process their foods (Figure 2.5). Since browsers consume a diet relatively rich in cell contents 

whose cell walls are virtually indigestible due to extensive lignification, they have adopted a 

strategy involving consuming frequent meals, rapid passage rates, a small reticulo-rumen volume 

and a large amount of saliva production to lubricate, hasten passage and buffer the high 

fermentation rates of the plant cell content (Clauss et al., 2008). They are also known to have 

greater glucose transporter expression and carbohydrase activity in the small intestine, very 

similar to that of monogastric species (Rowell-Schafer et al., 2001). A rapid absorption of 

SCFAs also termed volatile fatty acids (VFA), due to a greater degree of rumen wall papillations, 

less selective particle retention in the rumen (meaning a greater proportion of large particles 

reach the small intestine undigested (Nijboer et al., 2003)), and greater reliance on hind-gut 
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fermentation are characteristics seen in browsing animals. Grazers on the other hand have slow 

passage rate, large reticulo-rumen volumes, less copious saliva flow and less need to absorb 

VFAs quickly. They also retain small particles more effectively within their rumen to allow for 

the prolonged time needed for maximum energy extraction from cellulose (Clauss et al., 2008). 

 

 

 

 

 

2.3.5 Adaptation against plant secondary metabolites 

 The production of salivary tannin binding proteins (STBP) is one evolutionary 

mechanism that has helped browsing animals to cope with various tannins found in the browse 

they consume. STBP are made of proline-rich proteins and histatins, both having a strong affinity 

Figure 2.5 - The different effect of forage (browse and grass) on the rumen 
of browsers and grazers (Clauss et al., 2003). 
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for tannins. These are believed to act as “sacrifice” proteins thus preventing beneficial proteins 

from being made unavailable to the animal (Mueller-Harvey, 2006). Since STBPs contain a high 

proportion of non-essential amino acids in their structure, the animal can “afford” the loss of 

these proteins if the trade-off is greater accessibility of essential amino acids in dietary proteins. 

STBPs also mediate the negative effects of tannins in carbohydrate digestion by protecting 

intestinal carbohydrases from inhibition. These proteins have been demonstrated to be present in 

many browsers but absent in grazers (Mueller-Harvey, 2006). Interestingly, STBPs tend to 

precipitate only those tannins that are present in the animals’ natural diet as opposed to those 

incorporated into artificial diets (Mueller-Harvey, 2006). 

 

2.3.6 Browsers versus grazers in captivity 

 The challenges in providing appropriate herbivorous diets in a zoological setting effect 

the feeding of browsers rather than grazers. Since grazers and intermediate feeders can easily be 

maintained on a diet of hay and various pelleted feeds, they do not require the same kind of 

nutritional management as browsers. Most browsers are a challenge for many zoos because if 

these animals do not get a sufficient amount of browse in their diet, a wide range of 

complications can result (Hatt et al., 2005; Schwarts, 1992; Shoshat et al., 1997; Gould and Bres, 

1986; Lukas, 1999). Though many browsing animals are affected, two will be highlighted here: 

the moose, a foregut fermenter, and the gorilla, a hind gut fermenter. 

 Moose are very hard to keep in captivity due to their reliance on browse plants for proper 

health and nutrition. Although most cervids do well on alfalfa, grass and pellets, moose 

ultimately do not and the only successful long-term diet has been browse (Schwartz, 1992).  

According to Shoshat et al. (1997), 70% of captive moose not receiving browse, die during their 
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first year and 90% by six years of age due to nonspecific enteritis, chronic diarrhea and loss of 

body condition. Several pelleted diets trying to address the moose's need for browse have been 

formulated since the 1980's and though moose maybe do well at first, many subsequently 

become chronically ill (Shoshat et al., 1997). Browse is a key component in maintaining moose 

health in captivity, but costs and time constraints make it virtually impossible for most zoos to 

provide it as 100% of the diet year round. 

 Though gorillas do not experience the same critical problems seen in moose when denied 

a browsed-based diet, regurgitation and re-ingestion (r/r) has been a behaviour reported in 

captive gorillas for many years and is something that has not been seen in wild populations 

(Gould and Bres, 1986; Lukas, 1999).  The reason for this behaviour is not entirely known and 

could be an adaptive behaviour to elements of boredom, diet, stress or space restrictions (Lukas, 

1999). The concern is that this acquired behaviour could potentially result in health problems 

such as dental erosion, oesophageal motor disorders, ulcers and pulmonary aspiration, resulting 

from stomach acid contained in the regurgitated foods (Hill, 2009). A number of studies in zoos 

have shown that providing captive gorillas with a browse supplement can reduce the incidence of 

r/r and increase time spent eating (Hill, 2009). Though it may not be entirely clear at this present 

time if a diet for captive gorillas containing higher proportions of browse would completely 

eliminate r/r, recent research at Toronto Zoo seems to support that hypothesis (Hoellein-Less, 

2010).  

 

2.4 Challenges of feeding browse in captivity 

 Supplying enough fresh browse is a challenge that every zoo faces, particularly those in 

more seasonally variable locations. The harvesting logistics represent one of the most crucial 
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aspects of feeding browse to animals year round (Nijboer et al., 2003; Hatt and Clauss, 2006; 

Wensvoort, 2008). Even in warmer climates, certain species of browse may not always be 

available year round, and most, if not all browse is completely unavailable in temperate areas 

during late fall, winter and early spring. Browse composition changes as the growing season 

progresses (Livingston et al., 2009). In trying to feed browse year round, various preservation 

methods are used. Freezing is a relatively simple process to adopt but can be very costly, as 

freezers need to be kept in running order, while space is a likely limiting factor  as enough 

browse will need to be frozen to last through the period when local vegetation is dormant. In 

addition, some animals may not consume the defrosted browse due to decreased palatability. 

Drying is also a possible way to preserve vegetation but has large space requirements. Dried 

pelleted browse can be purchased but is very costly and has a tendency to have decreased 

palatability. Ensiling is a third option common in commercial agricultural practice, but is 

something that has yet to be widely used for browse plants (Nijboer et al., 2003). 

 

2.5 Silage Production 

 Silage is the conservation of moist crops by natural fermentation under anaerobic 

conditions, where beneficial bacteria convert plant energy sources to produce organic acid 

(Hurst, 1971). When sufficient acid is produced to lower the pH of the material, most metabolic 

actions cease and the forage is preserved. When plant materials enter the silage vessel, they bring 

in with them a large number of bacteria, moulds, yeasts and fungi. Fluctuations in the microbial 

population are affected by the environment the plant is raised in, including weather, soil 

conditions as well as plant health, and may influence the ensiling process. Once inside an 

ensiling environment, moisture content, temperature, oxygen and available fermentable energy 
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will also dictate microbial activity and the end production of the preserved material (Hurst, 

1971). It is important to note that a proper ensiling environment needs to be completely enclosed 

and temperature should be kept in a range no higher than 30-48°C. Under ideal situations, 

microbes will quickly thrive, multiply and dominate the silage mass. The resultant silage should 

have a sweet acidic smell, a pH range of 3.7 to 5.0 (depending on forage type) with high lactic 

acid content (Hurst, 1971; Kung and Shaver, 2001). 

 Making silage is a complex mixture of physiological, chemical and micro-biological 

changes that need to take place within the silage mass in order to obtain a quality product. The 

ensiling process can be divided into three phases: 1) aerobic or respiration phase; 2) anaerobic, 

fermentation or acidification phase; and 3) stable or storage phase. Each phase is associated with 

changes in pH, carbohydrate and organic acid concentrations as well as temperature and oxygen 

levels (Figure 2.6; Hurst, 1971).  

 

2.5.1 Phase 1 (Aerobic or respiration phase) 

Once the plants have been harvested and placed into the ensiling environment they are still very 

much alive. Their cells will continue to utilise the available oxygen and sugars while releasing 

heat and carbon dioxide by cellular respiration. Enzymes within the plant tissues will also begin 

to break down proteins to amino acids and continue to do so until a sufficient concentration of 

organic acids has been produced which lower the pH and inhibit this process. Once plant tissues 

start to die, sugar-rich exudates become available to endogenous aerobic bacteria on the surface 

of the plant. These aerobic bacteria utilise the sugars to produce more heat and carbon dioxide 

along with varying amounts of acetic acid, butyric acid and alcohols. The decrease in pH and 

associated heat production contribute little to the final product but optimize the environment for 
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subsequent anaerobic fermentation (Hurst, 1971). These processes will continue for as long as 

oxygen is available, therefore one of the biggest challenges at this stage is the exclusion of air 

(oxygen) from the silage mass. More air means a more extensive respiration and ultimately a 

greater use of plant nutrients. The goal is to include only enough air to allow for sufficient initial 

aerobic cellular respiration. The subsequent decrease in pH and maintenance of an optimal 

temperature facilitates proper fermentation while minimising loss of plant nutrients.  

 

 

 

 
Figure 2.6 – Changes associated with each phase of ensiling (Hurst, 1971) 
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2.5.2 Phase 2 (Anaerobic, fermentation or acidification phase) 

 This stage will begin when enough oxygen has been consumed to allow anaerobic 

bacteria to grow and multiply. This is the point where the heat produced in phase one becomes 

very important as ideal bacterial growth is dependent on specific temperature ranges. If the 

temperature reached inside the silage mass is above or below the lactic acid producing bacteria 

optimal range (30-48°C) (Hurst, 1971) there will not be enough lactic acid production to achieve 

quality silage where nutrient and dry matter losses are low and crude protein levels are similar or 

slightly higher than that of the parent forage (Kaiser and Piltz, 2004). 

 During the initial stages, coliform organisms actively produce acetic and butyric acid. 

These organisms are short lived, as the steady build-up of acid they produced quickly renders 

them inactive (Hurst, 1971). Other bacteria including Enterobacteria spp., Clostridia spp. and 

yeasts also compete for limited resources. Under ideal conditions, Lactobacilli spp. and 

Streptococci spp. dominate the silage mass and rapidly continue to reduce the pH via the 

production of lactic acid, eliminating the opportunity for unwanted bacteria to develop (Nijboer 

et al., 2003; Hurst, 1971). Lactobacilli spp. and Streptococci spp. are considered to be the most 

important organisms in the production of quality silage. The higher concentration of acids 

produced by these microbes helps to preserve the plant material and prevent further microbial 

and enzymatic deterioration. Once lactic acid, and to a lesser extent acetic acid (Nijboer et al., 

2003; Hurst, 1971), peak at 3-13% of the dry matter, pH will become constant (between 3.7 to 

5), and the silage is considered fully fermented and will remain rather stable unless air is allowed 

to enter. 
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2.5.3 Phase 3 (Stable or storage phase) 

 At this point, the silage has stabilized. This phase will last as long as the pH remains low 

and air is kept out of the silage mass (Wolford, 1990). Certain Clostridial bacteria may survive as 

spores and Lactobacilli will continue to be active at low levels (Nijboer et al., 2003; Hurst, 

1971). If during the early stages (within the first 3 weeks) air is allowed to enter the silage mass 

or insufficient acid was produced, a different group of organisms called obligate anaerobes (e.g. 

Clostridium spp.) will begin to develop. These bacteria produce butyric acid which has a pungent 

odour of putrefaction. Soil is the primary harbinger of these bacteria and is therefore likely to be 

found on ground plants used for silage production, but may not be of concern in trees or bushes 

elevated off the ground. These bacteria produce an alkaline product and can therefore increase 

the pH of the silage mass, ultimately making conditions more favourable for unwanted micro-

organisms to proliferate. As the obligate anaerobes multiply, conditions become more favourable 

for yeasts and moulds. Although yeasts do not harm the silage, their by-products (typically 

ethanol and acetic acid) will influence the palatability of the silage. Moulds are the real danger 

and can completely ruin the silage. They degrade plant materials to a slimy black mass which is 

unpalatable to animals and form toxins which is a serious health hazard (Hurst, 1971). 

 The actual duration of the ensiling period will depend on a number of factors including 

the amount of dry matter in the forage, the type of forage that is being ensiled, size of the forage 

particles and how long the ensiling vessel took to fill. This time varies between 3 to 12 weeks 

before preservation is complete (Nijboer et al., 2006; Kaiser and Piltz, 2004; Hurst, 1971).  
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2.6 Silage Quality 

  Microorganisms play a key role in the manufacturing and maintenance of silage stability. 

Most can be categorised by their ability to grow at low, moderate or high temperatures (termed 

psychrophilic, mesophilic and thermophilic, respectively). Because the process of silage 

deterioration is dictated by these microorganisms, factors affecting them may affect the stability 

of the silage. The main factors affecting silage stability are air, substrate availability and 

temperature. In addition, these factors can also affect proliferation of many bacterial and fungal 

pathogens that can yield mycotoxins. Ensiling at high temperatures also reduces lactic acid 

concentrations, resulting in an increase in pH and dry matter losses (Koc et al., 2009). 

 A visual examination alone is not accurate enough to determine if the silage is indeed of 

good quality, but when coupled with a chemical analysis, it becomes a very helpful tool. Factors 

such as colour, odour and overall appearance help to complement the analysis. 

  The smell of lactic acid (sour milk) is the desired smell when opening silage containers. 

An odour of butyric acid (rancid fat) is indicative of poor fermentation and low quality silage. 

An ammonia smell indicates a very poor fermentation and very low quality silage (Hutton and 

Haustein, 2003). 

 Characteristics of corn, grass and legume silage are all likely to differ significantly from 

browse silages because of the nutrient profile in the primary material.  The most helpful analyses 

allowing for the determination of good silage composition should include dry matter (DM), 

acidity (pH), crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), 

lignin, calcium (Ca) and phosphorus (P) (Ward, 2000; Kung and Shaver 2001).The use of a 

fermentation profile including organic acids such as lactic, acetic, propionic, butyric and 

isobutyric acids is also a helpful tool (Ward, 2000; Kung and Shaver 2001). 
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2.7 Silage Additives 

 Silage additives encompass of a wide range of products including bacterial inoculants, 

fermentable substrates and enzymes, all of which are designed to promote growth of desirable 

organisms and appropriate fermentation products, as well as to inhibit growth of undesirable 

organisms and prevent poor quality silage (Schroeder, 2004). Although it would be convenient if 

a single additive could perform all the above tasks, it is not practicable.  The right addition or 

combination of additives will vary based on the type of silage that is being made, storage 

conditions and the desired end product.  

 

2.7.1 Bacterial inoculants 

 Bacterial inoculants help to rapidly lower pH to prevent and/or reduce losses and growth 

of undesirable organisms. These inoculants should be able to grow rapidly, produce primarily 

lactic acid, be able survive in an acidic environment and have the ability to ferment glucose, 

fructose and sucrose, but leaving organic acids and proteins untouched. Very few bacterial 

inoculants are able to meet all these criteria, which is why using multiple species is often 

recommended (Shaver, 1990). Lactobacillus plantarum is one of the species most often found in 

inoculants. More often than not, it is combined with Streptococcus and Pediococcus bacterial 

strains to help to quickly lower pH. Once the silage reaches a pH of 5, these strains die off and 

Lactobacillus plantarum typically takes over to achieve and maintain a low final pH (Shaver, 

1990). Many strains of these species exist and not all work in the same way, which is why a 

combination of two or more often work best together. 
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2.7.2 Substrate and substrate suppliers 

 Substrate and substrate suppliers help lactic acid bacteria (LAB) by providing them with 

nutrients and increasing the rate at which lactic acid is produced. Substrates themselves, such as 

molasses, can be added to the silage and directly provide sugars for LAB (Schroeder, 2004).  

Other additives such as cereal grains, limestone, urea or anhydrous ammonia (source of nitrogen) 

can also be added to increase the nutrient profile of the silage (Schroeder, 2004). Substrate 

suppliers are enzyme additives containing cellulase, hemi-cellulase, and amylase that help 

breakdown complex carbohydrates to simple sugars for the LAB to use (Shaver, 1990). 

Aspergillus oryzae, Aspergillus niger and Bacillus subtillus and their fermentation products are 

sources of these particular groups of enzymes (Schroeder, 2004).  

 

2.7.3 Inhibitors 

 Inhibitors are designed to suppress the growth of undesirable organisms and can be 

classified into one of two categories, aerobic or anaerobic (Shaver, 1990). Aerobic inhibitors will 

suppress the growth of yeasts, moulds and aerobic bacteria. They extend the life of the silage by 

preventing spoilage after the silage vessel has been opened, while the silage is being fed. 

Examples of these aerobic inhibitors include propionic acid, anhydrous ammonia and urea 

(Shaver, 1990). Anaerobic inhibitors restrict the growth of undesirable bacteria such as 

Clostridia and endogenous plant enzymes such as proteases. However, they may also restrict the 

growth of LAB. Formaldehyde or strong acids can be used but are costly, corrosive and can 

result in low forage palatability. Buffered acids such as ammonium propionate or weak acids like 

formic and propionic acid are good alternatives that help decrease spoilage during feed out 

(Schroeder, 2004). 
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CHAPTER 3 

AIMS AND OBJECTIVES  

 There were several major points that needed to come together to allow this study to be 

completed successfully. Securing a steady source of browse was priority number one. 

Mechanizing the browse packing process, getting help with packing and proper storage all follow 

in close second.  Achieving a nutritious product free of moulds and toxins that is appealing to 

browsing herbivores was the last step but also the most important. 

 Since the harvest of browse plants in southern Ontario, Canada is only possible for a 

short period of time during the summer months and browsing herbivores require a continuous 

source of browse, it was important to find the most efficient way of supplying these animals with 

browse year round.  

 After having entered a contractual agreement with the owners of a disused apple orchard, 

construction of a browse packaging machine came under way. The idea behind such a machine 

was to help in the compaction of browse material in order to prepare it for anaerobic 

fermentation.  With the help of many individuals, fresh apple browse was to be placed into 

drums on a weekly basis. Once ensiled, the apple browse was to be analyzed for nutrient content 

as well as the presence of mould and toxins to ensure it was a suitable food source for the zoo’s 

browsing herbivores. Feeding the preserved apple browse was to be the real test to show whether 

or not it remained palatable to the animals it was intended for. 
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CHAPTER 4 

MATERIALS AND METHODS 

4.1 Browse selection and collection 

 Apple trees were used as the source of browse for this project for three main reasons: the  

Toronto Zoo has a contractual agreement with the property owners (since summer 2009) that 

allowed use of the trees in whatever way the Zoo requires, secondly the apple orchard was in 

reasonably close proximity (Ajax, ON. Figure 4.1) to the Toronto Zoo and finally it had not been 

used for commercial apple production for at least 10 years, meaning that the trees were free of 

pesticides and herbicide. 

 

  

 

  

 

 

 

 

 

 

 

  

 The orchard required a great deal of preparation to allow efficient collection of browse. 

The majority or trees were filled with dead branches and in order to encourage new healthy 

Figure 4.1 - Aerial photograph of the apple orchard (Ajax, ON) used for 
browse silage (Google Maps). 
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growth, all dead or dying branches were cut and removed from the immediate area. This prior 

preparation was done during the months of February and March 2010 while the trees were still 

dormant. Once the first browse collection date was scheduled (June 8th, 2010), weeds and grass 

around the trees were cut with a hedge trimmer allowing for better access. The apple trees used 

are believed to be of the Spy variety (Malus Northern Spie) but reliable documentation was not 

available.  

 

4.2 Equipment for silage production 

4.2.1 Building the browse press 

 The browse press was uniquely designed to compress browse materials. The need for 

such a machine originated because preliminary trials indicated that manual compaction simply 

did not generate enough pressure to expel air from the silage necessary for preservation. The 

browse press (Figure 4.2) was modified (Wensvoort, 2008) and further developed by Jaap 

Wensvoort, Nutritionist at the Toronto Zoo, based on an idea as reported by Ghazali and Hussein 

(2003). In order to do comparable research on methods of ensiling it is crucial to have sufficient 

silage units. Making these rapidly and consistently with the help of a mechanized press (the 

browse press) greatly facilitated this research. The press was mounted on a trailer, making it 

mobile and easily movable from one browse collection site to the next. The electrical and 

hydraulic components were placed at the front of the trailer in an enclosed compartment to allow 

for maximum space utilization within the trailer for browse barrel transport. The compartment 

housed the hydraulic pump, oil reservoir, breaker switch, batteries, charger and all associated 

wiring. Hydraulic hoses ran from the forward compartment alongside the trailer and were 

connected to the hydraulic cylinder at the top of the press as seen in Figure 4.2. The press itself is 
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mounted on the back of the trailer, allowing easy loading and unloading of barrels during the 

course of the silage making process. With the help of the Transit Department at the Toronto Zoo, 

the press was built over the summer of 2009, when initial testing and modifications took place. 

Details including building material specifications, dimensions, blue prints and additional pictures 

are shown in Appendix 1. 

 

 

Figure 4.2 – The browse press 

  

4.2.2 Ensiling drums 

 Typical ensiling is usually done in large bunker or tower silos or even in large bales that 

can be left out in the fields to ferment. Due to the relatively small scale of this project compared 

to multi-ton silage production, we chose to go with much smaller ensiling vessels. High density 

polyethylene blue drums donated by Perdue Pharma (Pickering, ON.), with a capacity of 30 litres 
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and capable of being tightly sealed and easily handled were used for this experiment. Drum 

specifications and detailed pictures are shown in Appendix 2. 

 

4.3 Cutting, packing and storage of apple browse silage 

 Collection took place on a weekly basis (excluding rainy days) starting June 8th 2010 to 

August 18th 2010 (see Appendix 3 for details). Browse was cut off the trees in such a way that 

any branches with a diameter of 3 cm or more growing horizontally were left untouched (see 

Appendix 4, Figure 1). This pruning technique was recommended by horticultural staff at the 

Toronto Zoo to force a dense new growth of vertical shoots later in the season and into the 

following years. Trees were pruned by hand removing all foliage from each tree. Vertical 

branches removed from the trees ranged in diameter from 0.25 to 5 centimetres. From these 

larger branches, smaller ones having sufficient foliage (see Appendix 4, Figure 2) were cut, 

selecting those with a diameter of 0.75 centimetres or less, making them flexible enough to be 

easily packed into the drums. All cut branches were placed on a tarpaulin after being cut from the 

trees to avoid soil and associated bacterial contamination. 

 Fresh browse samples were picked directly off the trees for pre-ensiling nutrient analysis. 

Apple browse was then packed into the drums until they were full to the top, with as little head 

space as possible. The barrels were then sealed with a metal clasp (see Appendix 2, Fig 2) and 

placed out of direct sunlight until they were put into long-term storage. To ensure that barrels 

were absolutely air tight, each top half of the barrel (including lid) was wrapped with three to 

four layers of shrink wrap.  

 With a group of five people working for four hours, approximately nine barrels were 

packed which is roughly two hours of labour per barrel. Volunteer groups ranging in size from 
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10 to 50 individuals were used on several occasions to speed up the entire process. A total of 91 

drums weighing approximately 16kg, giving a total of 1,500 kg of ensiled browse was made. 

Barrels were numbered from 01 to 91 in chronological order from first day of packing to the last. 

All barrels were stored in an outdoor area on Toronto Zoo site, at ambient temperature, out of 

direct sunlight and were sealed for a minimum of 147 days before initial samples were taken.  

 

4.4 Sampling 

4.4.1 Fresh browse 

 Four fresh browse samples were taken once a month in June, July, August and September 

2010 from the orchard. Random branches were cut from multiple trees in the areas that were 

harvested during the respective time periods. A total of about 1kg of fresh browse was cut, from 

which a subsample of 200 grams was taken. Fresh samples of leaf, bark and wood (one sample 

of each) were also taken in August 2010. One kilogram of browse was cut from trees as before 

and leaves were individually picked off from branches until a total weight of 200 grams was 

accumulated. Bark was manually stripped off the stems with a razor blade until a sample weight 

of 200 grams was reached. Finally, 200 grams of wood (i.e. the remaining stripped stems) was 

also collected. All fresh browse samples were frozen the same day and shipped after collection. 

 

4.4.2 Silage 

 To get a representative sample of the entire barrel of prepared silage for analysis after 

storage, core samples were extracted using a custom made sharpened steel tube (Figure 4.3). The 

core sampler was fabricated to fit the browse press hydraulic cylinder. Core sampler fabrication 

details and additional pictures are shown in Appendix 5. Core samples measured approximately 
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25 cm in length and had a diameter of 5 cm and weighed approximately 300 gram (Figure 4.4). 

Once core samples were extracted, they were placed in labelled heavy duty Ziplock freezer bags, 

squeezed to remove excess air and frozen at -20°C until analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5 Browse Analysis 

4.5.1 Fresh and ensiled sample analysis 

 All frozen samples were shipped via next day delivery Purolator courier service to 

Agrifood Laboratories, Guelph, ON, for analysis. The following parameters were measured for 

each sample: DM, CP, pH, NDF, ADF, Ca, P, Fat, Ash and Starch. Table 4.1 lists the methods 

Figure 4.3 - Silage core sampler 
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used (AOAC, 2000; NFTA, 1993). Since hemicellulose and cellulose were not measured 

directly, the following formulae were used to calculate them: 

Hemi cellulose = NDF – ADF …………………………………..……………..Eq 1 

Cellulose = ADF – Lignin ………………………………………..………………..Eq 2 

 
 
 

4.5.2 Silage organic acid analysis 

 Since Agrifood Laboratories was not equipped to measure organic acids in-house, 

samples were the shipped to Cumberland Valley Analytical Services, Hagerstown, MD, USA. 

Lactic, acetic, propionic, butyric and iso-butyric acids were measured. Each sample was mixed 

and a 25g wet sub sample taken and diluted with 200ml deionized water. After sitting overnight, 

Figure 4.4 - Apple browse silage core sample 
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the sample mixture was blended for 2 min and filtered through coarse (20- 25 um particle 

retention) filter paper. The filtered extract was then used in the procedures outlined in Table 4.2. 

 

Table 4.1 - Analytical methodology utilized for fresh and ensiled browse samples. 

Component Method 
DM Convection forced air oven at 70C for 18 hours. (NFTA 2.2.1) 
CP Combustion method using LECO FP428 Nitrogen Analyzer. (AOAC 990.03) 
pH Standard pH meter (Orion pH/SE 710A) 

Ca, P ICP following ashing and acid digestion. (AOAC 985.01) 
Ash Combustion using a muffle furnace at 600C for 2 hours. (AOAC 942.05) 

ADF 
Digestion using ADF solution and Ankom2000 Fiber analyzer. (AOAC 

973.18) 

NDF 
Digestion using NDF solution and Ankom2000 Fiber analyzer. Forage 

Analysis Procedure (NFTA 5.1) 
Lignin Sulphuric acid digestion following ADF analysis. (AOAC 973.18) 
TDN = (88.936 - (0.653 x ADF %)) 

Starch 
Enzymatic digestion using heat stable amylase and amyloglucosidase. (AOAC 

996.11) 
 
 
 
 
 
Table 4.2 - Analytical methodology utilized in the determination of SCFA. 
 

Lactic acid 
1:1 ratio of extract to deionized water introduced to an YSI 
2700 Select Biochemistry Analyzer (YSI, Inc. Yellow 
Springs, OH) to determine L-lactic acid.  

Acetic acid 

A 3ml extract filtered through a 0.2 micron filter membrane 
and a 1.0ul sub-sample, injected into a Perkin Elmer 
AutoSystem gas chromatograph (Perkin Elmer, Shelton, CT) 
using a Restek column packed with Stabilwax-DA. 

Propionic acid 

Butyric acid 

Iso-butyric acid 

pH & Titratable acidity 
A 30ml extract introduced to a Mettler DL12 Titrator 
(Mettler-Toledo Inc. Columbus, OH). pH is read and sample 
titrated with 0.1N NaOH to a pH of 6.5. 
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4.6 Statistical analysis 

 The program “R” was used to determine if the slopes obtained from the graphs on 

nutrient level versus ensiling time were significant (P<0.05).  Table 4.3 lists the p values 

obtained for all nutrients when looking and nutrient levels versus ensiling time. 

 

Table 4.3 - P values of individual components for browse composition versus ensiling time. 

Nutrient P value Nutrient P value 
Dry matter <0.0001 Hemicellulose 0.0001 
Moisture <0.0001 Cellulose 0.180 
Crude protein 0.546 Calcium 0.004 
pH 0.683 Phosphorus 0.003 
NDF 0.383 Ca:P <0.0001 
ADF 0.033 Ash 0.420 
Lignin <0.0001 Starch <0.0001 
  Fat 0.017 
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1  Mechanizing browse silage production (the browse press) 

 Over the course of the summer of 2010, 91 drums were packed, of which 62 were used in 

this trial. The full barrels averaged 16kg (+/- 3kg) in weight. The wide weight range is attributed 

to the overall variation in composition of each barrel where barrels that contained a greater 

proportion of leaves weighed more and those that contained a greater proportion of small twigs 

weighed less.  

The decision to use a browse press was deemed necessary after several years of failed 

attempts at making browse silage through manual compaction (data not shown). Results from 

Ghazali and Hussein (2003) demonstrate that the use of a machine such as the browse press is 

more efficient, economical and generates a much better final product that is well preserved and 

free of moulds. 

The labour required to pack the browse into the drums was substantial and confirmed 

statements made by Ghazali and Hussein (2003), although these authors did not mention whether 

or not they used whole or chipped browse. On average it took a group of five trained individuals, 

four hours to pack nine 30L barrels.  Packing the total volume obtained was only possible 

because substantial help was received from over 100 volunteers during the course or the trial. 

Whole leaves and branches were used as opposed to a chipped product, which is relatively 

common in browse silage production to date (Hatt and Clauss, 2006). The reason behind this was 

to attempt to make a product containing both leafy material and woody twigs that would be 

appealing to every browsing herbivore from highly selective ones to more general 

browsing/grazing ones.  
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5.2 Fresh apple browse analysis 

Four fresh apple browse samples were taken, throughout the trial. Results are listed in 

Table 5.2.  Fresh willow, hazel and maple browse documented by Hatt and Clauss (2006) 

showed similar nutrient levels to those of the apple browse in this study, with only a few slight 

differences. Their CP levels of 5.3% DM were lower (on average) than the results from this 

study but this could be attributed to the browse type. However, Livingston et al. (2006; 2009) 

reported samples of fresh willow with CP levels of 3.6-7.5%DM and 7.3%DM respectively, 

which fall within the ranges observed in this study. 

 

 

Table 5.2 - Nutrient levels of fresh apple browse (%DM) from June to September 2010 

 June 2010 
(n=1) 

July 2010 
(n=1) 

August 2010 
(n=1) 

September 2010 
(n=1) 

Average 
(n=4) 

Dry Matter 33.7 36.6 49.3 58.3 44.5 
Moisture 66.3 63.4 50.7 41.7 55.5 
Crude Protein 9.5 8.6 5.9 5.5 7.4 
ADF 34.9 34.5 37.2 40.5 36.8 
NDF 41.4 42.2 49.5 53.7 46.7 
Lignin 13.8 9.6 12.6 12.4 12.6 
Hemicellulose 6.5 7.7 12.3 13.0 9.9 
Cellulose 21.1 24.8 24.5 28.1 24.2 
pH 5.7 5.55 6.13 5.63 5.75 
Starch 1.0 1.1 2.9 1.8 1.7 
Ca 1.26 0.88 1.04 1.52 1.18 
P 0.15 0.19 0.10 0.12 0.14 
Ca:P 8.4 4.6 10.4 12.7 9.0 
Fat 1.6 1.4 1.2 0.9 1.3 
Ash 6.6 1.1 4.8 6.1 4.7 
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The levels of ADF and NDF shown in this study were also much lower than in any of the 

three previously mentioned studies (ADF 60.1%DM, Hatt and Clauss, 2006; ADF 55.3%DM, 

NDF 69.1%DM, Livingston et al., 2006; ADF 52.2%DM, NDF 62.3%DM, Livingston et al., 

2009) by an average of 20% and 19% respectively. Lignin levels in fresh apple browse were 

10% higher in this study than all three other studies. 

Cellulose levels given by Hatt and Clauss (2006) were documented to be much higher at 

45.5 %DM compared this study’s current results of 21.1-28.8 %DM. The differences could be 

attributed to the different species of browse used between studies but may also be caused by the 

differences in season of harvest where Hatt and Clauss (2006) collected browse in May/June 

where as in the current study, browse was collected June-August. 

 

5.3 Fractional composition of leaves, bark and wood of fresh apple browse  

 The individual components (leaves, bark and wood) of the apple browse were separately 

analyzed and are presented in Table 5.3. This table clearly shows a difference between all three 

components of apple browse and it could be argued that leaves are the most nutritious where as 

the wood is the least. Aleksiuk (1969) documented moisture and protein levels of three separate 

tree species (poplar, willow and alder) specifically looking at leaves, barks and twigs. The 

moisture levels of the components (leaves, bark and twigs) of all three tree species show the 

same pattern of decreased moisture content from leaves to bark to twigs. Though the values 

obtained in this study are lower than the ones presented by Aleksiuk (1969) it could be due to the 

species of browse. The protein levels of leaves and bark in the current study (13.3%DM and 

4.0%DM respectively) fall within the ranges reported by Aleksiuk (1969) (13.2-19.5%DM for 

leaves and 3.6-9.2%DM for bark). The protein levels in wood (twigs) seen in this study 
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(2.1%DM) fall much lower than those reported by Aleksiuk (1969) (9.7-4.9%DM). A 

contributing factor for this is likely to be the age of the apple trees used in this study compared to 

the other trees, which may have been younger, though exact stage of maturity was not specified 

in Aleksiuk’s study.  

 

 
Table 5.3 – Apple browse components and their nutritional values. 

 
 Leaves (n=1) Bark (n=1) Wood (n=1) 
Moisture 56.6 50.9 47.5 
Dry matter 43.4 49.1 52.5 
CP (%DM) 13.2 4.0 2.1 
NDF (%DM) 33.7 37.0 86.9 
ADF (%DM) 23.4 29.8 66.5 
Lignin (%DM) 9.2 15.3 20.2 
Hemicellulose (%DM) 10.3 7.2 20.4 
Cellulose (%DM) 14.2 14.5 46.3 

 

 

5.4 Yeast in the silage 

In 41% of the barrels opened (24 out of 62), there were visible signs of fungal growth 

forming as seen in Figure 5.1. Samples were sent out to be tested for mould but only yeast 

colonies were found within the samples. Hurst (1971) noted that the presence of yeast in silages 

is often associated with high dry matter loss, elevated lactic acid levels as well as the production 

of ethanol. The presence of ethanol was very apparent from the odour emitted with every barrel 

opened. A sweet smell, which could only be described as a fruity (apple) wine smell was 

apparent. When these barrels were fed to animals, Zoo staff were instructed to remove and 

dispose of any silage with visible yeast colonies. No ill effects were reported from feeding 

browse from the affected barrels. 
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5.5 Fermentation products 

 Products of fermentation include a range of SCFA, including butyric acid and acetic acid, 

and small organic acids such as lactic acid. Low levels of butyric acid (0.01% - 0.04%DM) 

moderate levels of acetic acid (0.21%-0.28%DM) and high levels of lactic acid (0.2% - 

1.2%DM) seen the samples taken (Figure 5.2) means that good silage was produced (Kung and 

Shaver, 2001). There was however a very high range in lactic acid in the samples taken and this 

could be a function of the proportions of twigs and leaves in each barrel.  

Results obtained by Livingston et al. (2009) (using willow browse) showed similar acetic 

and butyric acid levels but nearly triple the levels of lactic acid, ranging from 1.58-1.78%. The 

difference could be the results of species of browse used (willow instead of apple). The levels of 

Figure 5.1 - Yeast in apple browse silage 
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SCFA obtained from this study fall within the ranges documented by Nijboer et al. (2007) who 

ensiled willow branches in large bales (lactic 0.02%, acetic 0.12% and butyric 0.09%) and 200L 

drums (lactic 0.93%, acetic 0.63% and butyric 0.22%). Thus the profile obtained in this study 

supports that the ensiling process was effective. 

 

 

Figure 5.2 – Average SCFA levels in ensiled apple browse. (n=5) 
 

 

5.6 Changes in browse composition 

 Two different parameters were used to evaluate the composition of ensiled apple browse. 

The first looked at the effect that browse maturity had on the final product and the second 

examined the effect of duration of ensiling on the final product. Proximate analysis was done on 

62 samples taken from June 8th to August 18th. Results are displayed in the tables that follow. 

Complete proximate analysis details for all parameters are presented in Appendix 6. 
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5.6.1 Changes in browse composition versus browse maturity

Moisture content of ensiled apple browse decreased from spring to summer, starting 

roughly at 60% moisture and dropping by 9% (Figure 5.6.1.1). The overall moisture content 

range  observed in this study falls within the fresh and ensiled apple browse moisture levelsof 

50.8-59.7% listed in Livingston et al. (2006) as well as those given by Hatt and Clauss (2006) of 

53.2% for ensiled willow, hazel and maple browse. Livingston et al, (2009) 

in moisture by 1.5% (P=0.06) in ensiled willow browse from April to August. 

 
Figure 5.6.1.1 - Moisture content of ensiled apple browse over nine collection periods from June 
8th to August 18th 2010 after an average ensiling period of 206 days.

Figure 5.6.1.2 - Dry matter content of ensiled apple browse over nine collection periods from 
June 8th to August 18th 2010 after an average ensiling period of 206 days.
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Changes in browse composition versus browse maturity 

Moisture content of ensiled apple browse decreased from spring to summer, starting 

roughly at 60% moisture and dropping by 9% (Figure 5.6.1.1). The overall moisture content 

ed in this study falls within the fresh and ensiled apple browse moisture levelsof 

59.7% listed in Livingston et al. (2006) as well as those given by Hatt and Clauss (2006) of 

53.2% for ensiled willow, hazel and maple browse. Livingston et al, (2009) observed an increase 

in moisture by 1.5% (P=0.06) in ensiled willow browse from April to August.  

Moisture content of ensiled apple browse over nine collection periods from June 
2010 after an average ensiling period of 206 days. 

Dry matter content of ensiled apple browse over nine collection periods from 
2010 after an average ensiling period of 206 days. 

Silage packing date

Silage packing date
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Moisture content of ensiled apple browse decreased from spring to summer, starting 

roughly at 60% moisture and dropping by 9% (Figure 5.6.1.1). The overall moisture content 

ed in this study falls within the fresh and ensiled apple browse moisture levelsof 

59.7% listed in Livingston et al. (2006) as well as those given by Hatt and Clauss (2006) of 

observed an increase 

Moisture content of ensiled apple browse over nine collection periods from June 

 

Dry matter content of ensiled apple browse over nine collection periods from 
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Silage pH held stable throughout the entire summer at 4.9 (4.2-5.4) as can be seen in 

Figure 5.6.1.3, with the exception of samples taken July 28th. These results mimic browse silage 

pH levels shown by Livingston et al (2009) ranging from 4.88 in spring to 4.41 in summer. 

 

 

Figure 5.6.1.3 - pH of ensiled apple browse over nine collection periods from June 8th to August 
18th 2010 after an average ensiling period of 206 days. 

 

 

 

Crude protein levels started at 7.5% and  peaked at 8.6% in mid summer then gradually 

decreased to around 6.5% by late summer (Figure 5.6.1.4). It could be argued that mid July 

would be the best time of the year to collect apple browse if the final protein level is considered 

to be a crucial factor in browse quality. Hatt and Clauss (2006) documented lower levels of crude 

protein in ensiled willow, hazel and maple browse of 5.3% which also supports the findings of 

Livingston et al (2006) with ensiled apple browse with CP levels ranging from 3.0-4.1%. Results 

for willow given by Livingston et al. (2009) are comparable to the results obtained here with 

spring and summer ensiled willow averaging 7.2% and 6.8% CP respectively. 
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Figure 5.6.1.4 - Crude protein content (% DM) of ensiled apple browse over nine collection 
periods from June 8th to August 18th 2010 after an average ensiling period of 206 days. 

 

 

The % NDF/ADF and lignin in a herbivore’s feed is a measure of how digestible it will 

be (Kaiser and Piltz, 2004). NDF is divided into three components, namely hemicellulose, 

cellulose and lignin. Cellulose and lignin make up ADF.  Hemicellulose and cellulose are two of 

the fiber components that can be fermented by microbes to yield energy in herbivorous animals. 

Lignin is a component of the plant that is completely indigestible to the animal. 

 From Figure 5.6.1.5, it can be seen that NDF levels in the spring averaged around 47 

%DM, decreasing to 40 %DM mid summer and rising back up by late summer. ADF levels 

(Figure 5.6.1.5) stayed relatively constant at 35.5 %DM till mid summer when it steadily started 

to climb reaching 42.0 %DM by late summer. Lignin levels (Figure 5.6.1.7) gradually climbed 

from a low of 12 %DM in spring to a high of 17 %DM by late summer. This change in lignin 

levels is a function of plant cell maturation, as cell contents are progressively replaced by 

structural cell wall components, primarily cellulose and lignin. 
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 Results obtained by Livingston et al. (2006) show somewhat higher NDF and ADF levels  

at 62.1-76.2 %DM and 50.8-59.7 %DM respectively, in ensiled apple browse than the data 

depicted in Figure 5.6.1.5. Lignin levels were comparable at 14.7-16.2 %DM. 

 Results seem to follow the same trend in a more recent study looking at ensiled willow 

browse, where NDF, ADF and lignin levels were 62.0-62.7 %DM, 53.4-54.0 %DM and 19.7-

18.7 %DM, respectively (Livingston et al., 2009). Hatt and Clauss (2006) also observed ADF 

and Lignin levels of 63.7 %DM and 16.6%DM, respectively in ensiled willow browse. 

 As plants mature, whether seasonally from spring to fall or after many years of growth, 

the amount of indigestible components of the plant increases (Van Soest, 1994). This is one of 

the reasons why herbivores prefer to consume younger plants and shoots that are more digestible. 

Having  elevated indigestible fiber components however may be beneficial for maintenance of 

normal gut microflora, passage rate and digestive tract health. 

 
Figure 5.6.1.5 - Neutral detergent fibre and acid detergent fibre (% DM) of ensiled apple browse 
over nine collection periods from June 8th to August 18th 2010 after an average ensiling period of 
206 days. 
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 Both hemicellulose and cellulose are components of the plants that can be partially 

digested by fermentation in herbivores. Average hemicellulose levels calculated in this study 

(9.1% DM) closely resembled those calculated from Livingston et al. (2009) (6.9 

Cellulose levels recorded by Livingston et al. (2009) (33.7 

than cellulose levels of the current study, averaging 22.6% DM. The different species of browse 

between studies is likely a contributing factor to the over differences between cellulose levels.

 
Figure 5.6.1.6 - Hemicellulose and Cellulose content (% DM) of ensiled apple browse over nine 
collection periods from June 8th to August 18

Figure 5.6.1.7 - Lignin content (% DM) of ensiled apple browse over nine collection periods 
from June 8th to August 18th 2010 after an average ensiling period of 206 days.
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Both hemicellulose and cellulose are components of the plants that can be partially 

digested by fermentation in herbivores. Average hemicellulose levels calculated in this study 

ed those calculated from Livingston et al. (2009) (6.9 

Cellulose levels recorded by Livingston et al. (2009) (33.7 – 35.4% DM) were however higher 

than cellulose levels of the current study, averaging 22.6% DM. The different species of browse 

between studies is likely a contributing factor to the over differences between cellulose levels.

Hemicellulose and Cellulose content (% DM) of ensiled apple browse over nine 
to August 18th 2010 after an average ensiling period of 206 days.

Lignin content (% DM) of ensiled apple browse over nine collection periods 
2010 after an average ensiling period of 206 days. 

Silage packing date

Hemicellulose

Silage packing date
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Both hemicellulose and cellulose are components of the plants that can be partially 

digested by fermentation in herbivores. Average hemicellulose levels calculated in this study 

ed those calculated from Livingston et al. (2009) (6.9 - 9.5% DM).  

35.4% DM) were however higher 

than cellulose levels of the current study, averaging 22.6% DM. The different species of browse 

between studies is likely a contributing factor to the over differences between cellulose levels. 

Hemicellulose and Cellulose content (% DM) of ensiled apple browse over nine  
average ensiling period of 206 days. 

 

Lignin content (% DM) of ensiled apple browse over nine collection periods 
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Figure 5.6.1.8 - Starch content (% DM) of ensiled apple browse over nine collection periods 
from June 8th to August 18th 2010 after an average ensiling period of 206 days. 

 
 
Figure 5.6.1.9 - Fat content (% DM) of ensiled apple browse over nine collection periods from 
June 8th to August 18th 2010 after an average ensiling period of 206 days. 

 
 
Figure 5.6.1.10 - Ash content (% DM) of ensiled apple browse over nine collection periods from 
June 8th to August 18th 2010 after an average ensiling period of 206 days. 
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 The proportion of starch (Figure 5.6.1.8), fat (Figure 5.6.1.9) and ash (Figure 5.6.1.10) in 

browse silage averaged around 2.5, 2.0 and 6.5 %DM, respectively. Though these show large 

variations throughout the trial, it is important to keep in mind the scale of each of these figures. 

A variation of 0.5 to 2% in any of these components is not large enough to say that these 

components are different from spring to late summer. The small increase in starch may be 

attributed to the apples’ greater mass later in the summer. The proportional inclusion of apples in 

the silage was not something that was intended to be looked at in detail over the course of this 

study mainly because whole apples were not present on the trees for all dates silage was packed. 

Livingston et al. (2009) reported starch, fat and ash levels in willow browse silage of 1.0-1.8, 

2.1-2.3 and 4.9-5.5 %DM respectively which are similar to the results obtained here.  

 Since minerals can be neither created or destroyed by the ensiling process, the overall 

mineral composition of the browse should not change (Hurst, 1971). Though it is hard to tell if 

the variations in total ash, calcium and phosphorus from the ensiled samples are the results of 

seasonal variations or an increase in amounts of apples included, the differences could be 

attributed to a leaching effect, where components end up in greater concentration at the bottom 

of the barrels. With the sampling technique we used core samples, which should have accounted 

for this effect as our sample represented silage from the top to the bottom of the barrel, however, 

we had no control over the fact that browse at the bottom of the barrel was more compacted and 

therefore would represent a greater proportion of each sample. 

 Calcium (Figure 5.6.1.11) and phosphorus (Figure 5.6.1.12) levels averaged 1.5 and 0.12 

%DM respectively giving an overall average Ca:P ratio (Figure 5.6.1.13) of 12.5.  These levels 

are comparable to ones listed by Livingston et al. (2009) of 1.28-1.33 %DM for calcium and 

0.16-0.19 %DM for phosphorus in ensiled willow browse. 



48 

 

Figure 5.6.1.11 - Calcium content (% DM) of ensiled apple browse over nine collection periods 
from June 8th to August 18th 2010 after an average ensiling period of 206 days. 

 
 
Figure 5.6.1.12 - Phosphorus content (% DM) of ensiled apple browse over nine collection 
periods from June 8th to August 18th 2010 after an average ensiling period of 206 days. 

 
 
Figure 5.6.1.13 - Calcium/Phosphorus ratio of ensiled apple browse over nine collection periods 
from June 8th to August 18th 2010 after an average ensiling period of 206 days. 
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 This elevated Ca:P ration is something that would typically not be seen in common 

forage sources fed to domestic and production animals but is consistent with other native browse 

species such as willow, hazel and maple (Livingston et al., 2009; Hatt and Clauss, 2006) as well 

as numerous other browse plants like hibiscus, acacia and water hyacinth (Ball and Kearney, 

2006) as well as a range of browse species native to South Africa (Dierenfeld et al., 1995). 

 

5.6.2  Changes in browse composition versus ensiling time 

 One of the most important aspects of silage is that once pH levels have decreased enough 

to prevent any further break down of nutrients, the over all silage mass is stable over time and 

very little additional changes should occur. The bottom line for this part of the study was to 

determine if the above statement held true for the apple browse silage in this study. In other 

words, does the nutrient composition of apple browse silage after four months of ensiling 

compare to that of silage after nine months? One major unavoidable confounding factor with the 

current experimental design was that browse packed in early summer was opened first (shortest 

ensiling time) and browse that was packed in late summer was the silage that was opened later in 

the trial (longest ensiling time). Due to this design, certain nutrients may appear to be changing 

as a result of ensiling time whereas it may be the effect of browse maturity (date packed). In 

order to avoid this confounding effect, 15 to 25 barrels would have had to be made for each of 

the 9 packing dates, meaning 135-225 barrels for the entire experiment, something what was not 

possible due to the labour required. Despite these confounding variables it was considered 

instructive to see if there were any major patterns which emerged using simple regression 

analysis.  
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Figure 5.6.2.1 - Moisture content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days. 

 
 

Figure 5.6.2.2 - Dry matter content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days.   

 

The only major thing to note from these figures is due to the way samples were taken, the 

samples that were ensiled for the shortest period of time were also the samples that were 

packaged in the spring whereas samples that were ensiled for the longest period of time were the 

ones packaged last. Because of this, some parameters appear to change with increased ensiling 

time even though, in theory, they should be remaining the same. The significant (P<0.05) 
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changes in moisture (Figure 5.6.2.1) are believed to reflect the effect of the maturity of the 

browse packed as opposed to effects of ensiling. Moisture in well preserved silage should stay 

rather constant  (Hurst, 1971). 

Figure 5.6.2.3 - pH of ensiled apple browse after multiple ensiling periods ranging from 147 to 
279 days.   

 
 
 pH and crude protein levels remained constant throughout all ensiling periods and though 

slopes appear to be negative in Figures 5.6.2.3 and 5.6.2.4 , this apparent effect proved to be non 

significant (P=0.55) and (P=0.68) respectively. 

 
Figure 5.6.2.4 - Crude protein content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days.  
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Figure 5.6.2.5 - Neutral detergent fibre content (% DM) of ensiled apple browse after multiple 
ensiling periods ranging from 147 to 279 days.   

 
 
Figure 5.6.2.6 - Acid detergent fibre content (% DM) of ensiled apple browse after multiple 
ensiling periods ranging from 147 to 279 days. 

 

Figure 5.6.2.7 - Hemicellulose content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days. 
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Figure 5.6.2.8 - Cellulose content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days.  
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in fat (Figure 5.6.2.11) content also proved to be significant (P=0.02) and could only be 

attributed to greater inclusion of apples later in the season, however with the levels seen in figure 

5.6.2.11 it is not something that should be of concern. Ash levels remained constant throughout 

the ensiling period as is to be expected based on Hurst (1971). The overall small changes in ash 

levels were non significant (P=0.42). 

 
Figure 5.6.2.9 - Lignin content (% DM) of ensiled apple browse after multiple ensiling periods 
ranging from 147 to 279 days. 

 
 
 

Figure 5.6.2.10 - Starch content (% DM) of ensiled apple browse after multiple ensiling periods 
ranging from 147 to 279 days.  
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Figure 5.6.2.11 - Fat content (% DM) of ensiled apple browse after multiple ensiling periods 
ranging from 147 to 279 days.  

 
 
Figure 5.6.2.12 - Ash content (% DM) of ensiled apple browse after multiple ensiling periods 
ranging from 147 to 279 days. 

 
Figure 5.6.2.13 - Calcium content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days.  
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Figure 5.6.2.14 - Phosphorus content (% DM) of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days. 

 

Figure 5.6.2.15 - Calcium/Phosphorus ratio of ensiled apple browse after multiple ensiling 
periods ranging from 147 to 279 days.    
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CHAPTER 6 

GENERAL DISCUSSION AND CONCLUSION 

6.1 Fresh versus ensiled browse 

 The composition and quality of plants (browse and grasses alike) will change 

depending on their maturity and stages of growth. Rodney et al. (1992), lists the changing 

composition of forage as plants mature throughout the growing season which is also noted by 

Hitchcock et.al (1990). Differences in stages of harvesting (early versus late), cut length and 

location may all result in large variations in nutrient content (Grieve, 1971). Typically harvesting 

forages at the proper stage of maturity, taking into account protein and moisture levels as 

examples, are key parts in making sure high quality silages are produced. When referring to the 

literature there are numerous articles available for referencing the “ideal” composition of forages 

but very few (comparably) available looking at browse composition. This field is even narrower 

when looking at browse silages. In the end, the goal in making silage is to preserve the material 

as close to its original composition as possible. Table 6.1 compares the average nutrient level of 

fresh and ensiled browse measured in this trial. Both groups resembled closely in nutrient 

compositions and therefore the process of ensiling can be regarded as successful. 

One of the main goals in making browse silage for exotic zoo animals is to make a food 

that will mimic as closely as possible (nutritionally and/or physically) what they would be 

consuming in the wild. Some of these animals are kept in captivity for decades at a time where 

the goal is species preservation and future reintroduction into their natural environments. Being 

able to feed these animals a diet that closely mimics what they would be eating in the wild is 

crucial to this process and provides a great deal of enviroment contributing greatly to the 

animals’ welfare . Though apple browse may not be on the list of regularly consumed browse 
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types for animals such as the giraffes or gorillas, its over all physical profile is much closer to 

what they would be eating in the wild than typical production animal feed sources, like pelletes 

and fresh fruit and vegetables. 

 

 

 

  

 

 

 

 

 

 

 

 

 In feeding any animal, what is offered is not always what will be eaten. Animals pick 

through their feed to select the more palatable and digestible components, so there could be 

substantial differences between what is presented and what is consumed (Aleksiuk, 1969; 

Dierenfeld et al., 1995; Shipley, 1999). Making browse available as a constant food source (fresh 

or ensiled) encourages a more natural and instinctive eating pattern without over loading on 

starches and sugars, as these components are relatively low in browse. 

 

 Fresh (n=4) Ensiled (n=62) 
Dry Matter 44.5 41.6 
Moisture 55.5 58.4 
Crude Protein 7.4 7.6 
ADF 36.8 36.3 
NDF 46.7 44.9 
Lignin 12.6 13.4 
Hemicellulose 9.9 9.0 
Cellulose 9.9 6.3 
pH 5.75 4.88 
Starch 1.7 2.5 
Ca 1.18 1.46 
P 0.14 0.13 
Ca:P 9.0 11.6 
Fat 1.3 2.1 
Ash 4.7 6.3 

Table 6.1 Average nutrient levels of fresh and 
ensiled apple browse. 
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6.2 Achievements 

The availability of the browse press was an important part of this experiment. It allowed 

efficient packing of barrels by expelling more air than would have been possible by manual 

compaction alone. The speed at which the browse was packed also saved a great deal of labor. 

Making the browse press mobile was a crucial part; it made moving browse barrels to and from 

the orchard an easy task. After using the press for two years a total volume of 14,400L 

(~7500kg) of browse silage (~990kg from this trial alone) was made and fed to herbivores at the 

Toronto Zoo. 

  

 
 
 
 
 
 
 
 

 

  

 After an average ensiling period of 206 days, the average nutrient value of the 62 samples 

of apple browse silage, are depicted in Table 6.2. Nutrient values for fresh and ensiled apple 

browse are similar and do not show large changes caused by the ensiling process, nor does the 

length of time in storage have major effects (see regression results).  

Though this trial relied on many replicated small barrels of browse to see differences 

between ensiling times, it was quickly determined that packing the small barrels (30L) was far 

less efficient then packing the medium barrels (120L). The biggest reason why small barrels 

Nutrient Level Nutrient Level 
Moisture 58.4% DM Lignin  13.4% DM 

Dry matter  41.6% DM Starch 2.5% DM 
Crude protein 7.6% DM Fat 2.1% DM 

pH 4.8 Ash 6.3% DM 
Neutral detergent fibre 44.9% DM Calcium 1.46% DM 

Acid detergent fibre 36.3% DM Phosphorus 0.13% DM 
Hemicellulose 9.1% DM Ca:P ratio 11.6 

Cellulose 22.6% DM   

Table 6.2. Average nutrient values for ensiled apple browse. 
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continued to be used was because the volume of browse required to fill enough medium barrels 

would have been impractical due to time and labour constraints. 

 

6.3 Limitations 

Dealing with the sturdy nature of apple browse was one aspect of this trial that we did not 

anticipate at the start. Apple wood is a more rigid wood, compared to willow, and this made 

getting it into the barrels a challenge. The way the apple browse compacted made it challenging 

to fill the barrels as when barrels were almost full browse would always spring back out after it 

had been compacted. One of the ways this could have been avoided would have been to chip the 

browse with a wood chipper or to cut the apple browse into smaller pieces. The reason for not 

doing either one of these things was because the physical characteristic of whole browse was an 

important aspect of this trial. We anticipated that presenting a food source to the gorillas, 

giraffes, moose or any other browsing herbivore that allows them to practice “normal” foraging 

behavior not only helps with the animal’s welfare but also allows zoo visitors to observe these 

animals eating in a way more similar to what they would in the wild. 

The size of the press disk was a crucial aspect of the mechanisms behind how the press 

was able to work so efficiently. Because the disk used in this trial was so small we were able to 

pack to a density that allowed sufficient air expulsion from the barrels. Once the trial was 

completed, a larger disk was used with 120L barrels. After these barrels were filled it was 

obvious that the larger barrels were not packed to the same density since the weights did not 

scale equivalently. Because of this it is very possible that silage coming from the larger barrels 

are of different quality to silage coming from the smaller ones. Trials using both barrel types 

would have to be done to determine if silage quality is actually influenced by this.  
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One important aspect of making silage that was not accounted for was dry matter loss. 

Barrels would have had to been weighed once filled and again after being opened but this task 

was overlooked simply due to an overly busy schedule. Since the Zoo is continuing to work on 

browse silage production it is something that can be repeated in the near future. 

 It was very costly to analyze the parameters looked at in this study because all 

components were analyzed by wet chemistry. It is important to note that lab analysis procedures 

for components such as woody browse plants are not yet feasable by NIR as they are for some of 

the more common feed stuffs such as corn, hay and their associated silages (Livingston et.al., 

2006). The reason being that data bases for browse composition are so small, compared to more 

conventional agricultural feed stuffs, that not enough information is available to properly 

calibrate the NIR analyzer. It is possible that in the near future enough information will have 

been gathered by the people responsible to generate accurate results for browse analyzed by NIR. 

 

  6.4 Future outlook 

This study has helped the Toronto Zoo to feed more browse to its animals year round 

then it has ever had the chance to do in the past. Apple trees made great browse silage that was 

enjoyed by all animals it was offered to and more often than not picked over their regular diets. It 

would be advantageous if similar studies could be conducted on other native browse species such 

as willow, poplar, maple, birch and ash to name a few. We have to keep in mind that just because 

one species of tree can be successfully ensiled, does not mean they can all be. Looking further 

into the palatability of different browse species could also prove beneficial as it has already been 

noted that, as an example, the gorillas at the Toronto Zoo enjoy apple and willow browse but do 
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not like poplar browse where as the moose really seem to enjoy any kind of browse (silage or 

not). 

After three consecutive seasons of making silage at the apple orchard it became apparent 

that this would not be able to continue very much longer. The re-growth of apple tree branches 

averaged 25-35 cm after the first year (Appendix 7, Figure 1) and this only applied to those that 

were in better condition. It appears that these apples trees require three to four years of recovery 

(Appendix 7, Figure 2) before they can be harvested again. 

 Since completion of this study, the Toronto Zoo had the opportunity to create a browse 

plantation consisting of willow and poplar trees. During the spring of 2011, over 10,000 of these 

trees were planted not far from the Zoo. The trees were planted in such a way that would allow 

the browse press to drive between the rows and make it very efficient to collect large volumes of 

browse quickly. The outcome has yet to be determined since it was advised to allow at least two 

years of growth for large enough root growth to support significant cut backs. 

 A package detailing the browse press’s blue print, pictures and mechanical details has 

been put together for distribution to other interested zoological institutions. It was decided to 

create such a package, rather than keeping everything a secret, to possibly help others improve 

the way browsers are fed worldwide.  
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APPENDIX 
Appendix 1 – Browse press design 
 
 
Table 1 - Building material specifications. 
 

Hydraulic Cylinder 
 

Custom DA-Cylinder 
2 inch bore, 32 inches long 
1.36 Litre Volume 

Hydraulic Pump 

12 VDC Power pack DA 
10.60 LPM unloaded, 4.92 loaded 
2500 psi, relief 500-3000 psi 
4 Litre reservoir  

Batteries 
 

Two 6 Volt batteries, 283 AMPHR 
Model #: US250HCX 
Wired in series 

Breaker 50 amp 

Charger 
Power First, 12 Volt, 10/2 amp 
Model #: PTC-10C/1 

On / Off switch 
 

Three position ignition switch 

Battery disconnect switch 
Push/Pull, on/off switch 
 

Hydraulic hose 
DIN: 20022/EN853 
3/8 inch, WP 330 BAR, 4800 psi 
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Figure 1 – Browse press dimensions (Blue prints). 
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Figure 2 – Browse press “disc” dimensions (Blue prints). 
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Figure 3 – The browse press. 
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Figure 4 – Hydraulic power pack (a), batteries and charger (b) and control box (c). 

         
(a)                                                         (b) 

 
 
 

 
                   (c) 
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Appendix 2 

Figure 1 – Manufacturer drum specifications. 
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Figure 2 – Detailed drum pictures: a) Drum, b) Steel clamp, c) Foamed rubber gasket  
d) Polyethylene lid, e) close up picture 1, f) close up picture 2  

 

 

a 
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Appendix 3 

 

Table 1 - Browse collection time table. 
 
 
Date # of barrels packed # of barrels sampled 

June 8th 2010 17 15 

June 23rd 2010 10 9 

June 30th 2010 7 7 

July 7th 2010 8 7 

July 14th 2010 8 7 

July 21st 2010 6 6 

July 28th 2010 3 3 

August 4th 2010 3 3 

August 18th 2010 21 5 



75 

 

Appendix 4 
 

Figure 1 - Apple tree pruning technique for browse silage production. 
 

 
 

Figure 2 - Branches with appropriate amount of foliage. 
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Appendix 5 

Table 1 - Core sampler specifications. 

Principal building material Mild steal pipe 
Pipe details 5cm diameter, 4mm thick 
Fittings Nut to match hydraulic cylinder threads 
Total size Usable sampling length: 36 cm 

Total length: 58 cm 
 

Figure 1 – Core sampler detailed pictures. 
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Appendix 6 - Table 4 – Individual analytical data for browse samples. 
 
Sample 
number 

Days 
Ensiled 

DM 
(%) H2O CP 

(%DM) 
ADF 

(%DM) 
NDF 

(%DM) 
Lignin 
(%DM) 

Hemicellulose 
(%DM) 

Cellulose 
(%DM) 

1 147 45.30 54.70 6.69 38.86 49.10 19.11 10.24 19.75 
2 147 40.55 59.45 6.60 37.27 49.11 13.22 11.84 24.05 
3 147 42.55 57.45 7.74 35.40 44.77 10.45 9.37 24.95 
4 154 43.18 56.82 8.00 34.69 45.62 10.14 10.93 24.55 
5 154 40.33 59.67 8.82 34.47 42.41 13.06 7.94 21.41 
6 154 39.50 60.50 8.83 31.96 44.47 12.46 12.51 19.50 
7 161 43.85 56.15 6.94 32.93 46.42 12.58 13.49 20.35 
8 161 39.78 60.22 6.63 33.08 44.56 11.43 11.48 21.65 
9 170 36.51 63.49 7.54 34.83 47.21 11.98 12.38 22.85 
10 176 39.83 60.17 7.33 33.65 45.80 11.61 12.15 22.04 
11 170 38.77 61.23 7.47 36.23 48.27 14.53 12.04 21.70 
12 170 39.48 60.52 7.13 43.51 46.39 14.56 2.88 28.95 
13 176 40.11 59.89 7.26 36.39 43.91 12.94 7.52 23.45 
16 191 42.18 57.82 7.93 32.27 43.95 12.25 11.68 20.02 
17 191 40.39 59.61 7.40 35.66 47.21 13.11 11.55 22.55 
18 180 38.14 61.86 6.73 37.75 45.83 13.51 8.08 24.24 
19 180 38.41 61.59 7.14 38.36 48.94 14.16 10.58 24.20 
20 180 38.51 61.49 6.68 36.17 48.57 13.13 12.40 23.04 
22 180 34.36 65.64 8.19 31.91 44.15 11.67 12.24 20.24 
23 180 41.00 59.00 8.06 37.76 47.95 12.43 10.19 25.33 
24 180 39.12 60.88 7.56 35.06 49.06 12.33 14.00 22.73 
25 180 39.06 60.94 7.51 37.57 48.85 12.25 11.28 25.32 
26 196 41.23 58.77 8.54 31.64 45.90 11.31 14.26 20.33 
27 196 43.15 56.85 7.76 38.83 47.2 11.87 8.37 26.96 
28 189 36.84 63.16 7.73 32.73 39.00 8.75 6.27 23.98 
29 189 38.10 61.90 7.34 34.69 41.90 10.09 7.21 24.60 
30 189 38.82 61.18 7.73 38.47 45.90 12.04 7.43 26.43 
31 189 40.59 59.41 7.74 36.98 45.70 12.25 8.72 24.73 
32 189 39.91 60.09 6.72 37.23 45.20 11.44 7.97 25.79 
33 189 36.82 63.18 8.32 32.54 42.90 11.67 10.36 20.87 
34 189 37.91 62.09 7.81 33.61 43.90 11.81 10.29 21.80 
35 182 36.51 63.49 8.05 30.23 40.40 10.89 10.17 19.34 
36 182 42.36 57.64 7.41 36.44 41.30 13.81 4.86 22.63 
37 182 40.36 59.64 6.49 41.96 50.50 12.15 8.54 29.81 
38 182 38.69 61.31 7.46 37.23 47.30 11.71 10.07 25.52 
39 182 41.50 58.50 7.41 36.30 46.50 11.39 10.20 24.91 
40 226 43.25 56.75 8.26 36.59 42.30 13.71 5.71 22.88 
42 226 37.8 62.20 8.89 33.04 37.25 13.06 4.21 19.98 
43 219 41.68 58.32 8.88 29.50 39.40 12.41 9.90 17.09 
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Sample 
number 

Days 
Ensiled 

DM 
(%) H2O CP 

(%DM) 
ADF 

(%DM) 
NDF 

(%DM) 
Lignin 
(%DM) 

Hemicellulose 
(%DM) 

Cellulose 
(%DM) 

44 219 41.41 58.59 8.72 31.44 42.02 12.36 10.58 19.08 
45 219 40.05 59.95 8.23 30.39 41.42 11.94 11.03 18.45 
46 219 41.32 58.68 8.93 29.94 37.53 10.68 7.59 19.26 
47 219 43.10 56.90 7.52 36.39 45.68 13.11 9.29 23.28 
48 219 41.69 58.31 8.96 31.17 36.23 12.25 5.06 18.92 
50 258 42.77 57.23 9.26 36.23 37.58 16.28 1.35 19.95 
51 251 46.22 53.78 7.66 38.71 45.26 15.52 6.55 23.19 
52 251 44.96 55.04 7.98 33.26 41.79 13.21 8.53 20.05 
53 251 45.58 54.42 7.21 39.72 49.51 15.04 9.79 24.68 
54 251 43.19 56.81 7.75 30.40 42.53 11.22 12.13 19.18 
55 251 42.57 57.43 8.38 29.79 40.56 11.10 10.77 18.69 
56 251 43.42 56.58 7.20 42.61 45.95 18.47 3.34 24.14 
57 244 40.94 59.06 6.40 32.29 43.19 13.14 10.90 19.15 
58 244 41.47 58.53 6.42 41.10 46.78 18.37 5.68 22.73 
59 244 41.87 58.13 7.26 35.16 46.49 14.64 11.33 20.52 
60 279 47.91 52.09 7.15 44.03 46.28 20.46 2.25 23.57 
61 279 46.86 53.14 7.89 37.30 45.59 14.71 8.29 22.59 
62 279 45.10 54.90 7.26 37.09 45.82 17.23 8.73 19.86 
63 265 48.11 51.89 6.62 43.38 45.20 17.32 1.82 26.06 
66 265 49.66 50.34 6.27 40.99 51.19 17.02 10.20 23.97 
67 265 47.23 52.77 6.65 41.05 42.87 17.02 1.82 24.03 
68 265 48.88 51.12 5.82 44.33 53.08 19.84 8.75 24.49 
69 265 50.55 49.45 6.74 42.25 48.63 19.54 6.38 22.71 
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Sample 
number 

Ash 
(%DM) pH Starch 

(%DM) 
Ca 

(%DM) 
P 

(%DM) Ca:P NFC 
(%DM) 

Fat 
(%DM) 

1 6.00 4.41 0.32 1.40 0.11 13 41.18 1.40 
2 6.16 5.00 0.49 1.27 0.12 11 41.15 1.45 
3 7.04 5.20 1.96 1.77 0.13 14 42.76 2.09 
4 6.89 5.10 1.78 1.57 0.13 12 41.54 1.92 
5 6.94 5.00 1.73 1.48 0.13 11 44.08 2.23 
6 6.39 4.80 1.86 1.34 0.13 10 42.28 2.08 
7 6.71 5.10 1.87 1.75 0.11 16 41.89 2.23 
8 6.22 5.00 1.59 1.48 0.13 11 44.31 2.39 
9 5.71 5.07 0.63 1.11 0.12 9 42.00 1.64 
10 6.89 5.07 2.24 1.15 0.12 10 42.06 1.71 
11 6.06 5.09 0.30 1.21 0.13 9 41.80 1.32 
12 6.83 5.07 1.62 1.40 0.12 12 42.12 1.48 
13 6.24 4.48 1.42 1.35 0.12 11 46.09 0.74 
16 7.20 5.04 1.63 1.71 0.13 13 44.51 0.96 
17 6.06 4.60 1.60 1.34 0.13 10 40.63 1.94 
18 5.70 4.82 2.22 1.31 0.13 10 45.77 0.57 
19 6.14 4.78 0.99 1.41 0.13 11 40.64 1.65 
20 6.24 4.66 2.35 1.28 0.13 10 40.54 2.03 
22 6.83 5.18 2.27 2.71 0.28 10 43.87 2.13 
23 6.69 4.95 1.23 1.59 0.14 11 40.04 2.26 
24 6.90 4.86 0.62 1.53 0.13 12 38.69 1.67 
25 6.30 4.48 1.73 1.35 0.12 11 39.47 1.81 
26 6.51 5.40 2.14 1.47 0.15 10 39.82 2.32 
27 5.84 4.9 2.42 1.33 0.14 10 40.00 2.45 
28 6.12 4.60 3.93 1.27 0.15 8 47.75 2.68 
29 6.44 4.70 4.12 1.34 0.15 9 46.03 1.97 
30 5.87 4.70 3.28 1.23 0.14 9 41.87 2.54 
31 6.12 5.10 2.80 1.40 0.15 9 42.09 2.45 
32 5.56 4.70 2.87 1.19 0.13 9 43.80 2.37 
33 5.85 4.80 3.12 1.25 0.14 9 45.05 2.47 
34 6.01 4.80 3.23 1.32 0.14 9 42.67 2.32 
35 6.34 5.00 4.08 1.39 0.14 10 46.67 2.62 
36 6.12 5.00 3.23 1.24 0.12 10 47.34 2.19 
37 5.06 4.90 2.26 1.15 0.12 10 39.42 2.14 
38 5.60 5.00 3.64 1.10 0.12 9 41.79 1.95 
39 5.79 5.10 2.74 1.31 0.13 10 41.81 2.43 
40 6.13 4.80 2.41 1.28 0.12 11 49.53 1.88 
42 6.34 4.7 3.64 1.33 0.15 9 50.40 2.37 
43 6.82 5.00 3.04 1.42 0.13 11 47.56 2.08 
44 6.57 4.70 2.62 1.35 0.12 11 46.34 2.22 
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Sample 
number 

Ash 
(%DM) pH Starch 

(%DM) 
Ca 

(%DM) 
P 

(%DM) Ca:P NFC 
(%DM) 

Fat 
(%DM) 

45 6.10 4.80 3.15 1.29 0.12 11 46.00 2.08 
46 6.17 5.00 3.11 1.32 0.12 11 49.29 2.21 
47 6.64 4.90 2.95 1.54 0.12 13 41.57 2.19 
48 6.71 4.90 2.95 1.40 0.13 11 49.79 2.34 
50 7.03 4.90 2.47 1.58 0.13 12 48.41 2.30 
51 5.90 4.60 2.44 1.44 0.11 13 43.63 2.35 
52 6.84 4.90 2.74 1.57 0.13 12 46.42 2.32 
53 6.83 5.00 2.42 1.63 0.12 14 39.46 2.03 
54 6.51 5.00 3.16 1.49 0.11 14 45.43 2.26 
55 6.64 4.60 3.77 1.43 0.13 11 47.42 2.31 
56 6.19 4.90 3.07 1.46 0.11 13 42.86 1.94 
57 5.82 4.70 4.59 1.36 0.09 15 47.09 1.93 
58 5.65 4.20 2.10 1.58 0.08 20 44.34 2.32 
59 6.68 4.80 3.25 1.70 0.10 17 41.34 2.27 
60 6.64 5.04 2.08 1.96 0.12 16 42.73 1.85 
61 6.06 4.79 3.12 1.70 0.11 15 42.41 2.10 
62 6.89 5.14 2.95 1.84 0.11 17 42.54 1.81 
63 6.35 5.18 3.69 1.71 0.10 17 43.33 2.37 
66 6.25 4.72 2.76 1.68 0.09 19 37.16 2.33 
67 5.98 5.14 3.69 1.66 0.10 17 45.99 2.44 
68 6.34 4.74 1.59 1.75 0.10 18 36.74 2.11 
69 6.96 5.23 3.29 1.83 0.11 17 38.51 2.63 
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Appendix 7 
 
Figure 1 - Apple browse re-growth after one year. 
 

 
 

Figure 2 - Apple browse re-growth after three years. 
 

 


