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This study concluded 5 points: 

 

1. Toxic compounds such as tannins, combined with low forage quality of chaparral species 

limit livestock consumption, especially in summer and fall.  

2. Forage consumption and digestibility of common chaparral species without 

supplementation did not meet the basic nutrient demands of sheep and goats.  

3. Addition of a non-forage supplement, polyethylene glycol (PEG), increased the 

consumption of hoary manzanita by sheep and goats. 

4. Sheep and goats ate the same species, but they consumed them in different amounts and 

also consumed them during different seasons.   

5. Goats consumed more brush than sheep, and appeared to meet their basic nutritional 

demands.  Therefore, goats are more effective for managing brush than sheep.  

 

 

 

 

 

 

 

 

 

 



Chapter 1: Seasonal dynamics of nutritional quality of California chaparral species.  

Background Information: 

Wet chemistry laboratory methods can provide a prediction of the quality of forage available to 

the grazing animal.  Common forage quality measures include (Pond et al 2005): 

 Dry Matter (DM)-  the percent of the plant material that is not water. 

 Ash- the mineral content of the forage.  What is not the ash portion can collectively be 

called Organic Matter portion.   

 Crude Protein % (CP) – Measures total nitrogen in the feed, and converts to an estimation 

of protein since protein on average contains 16% nitrogen.  If CP in the diet is below 6% 

for goats, intake and digestibility will decrease (Ensminger, Oldfield, Heinemann, 1990). 

In other ruminants, 7-8% is required. 

 Neutral Detergent Fiber (NDF) –Provides an estimate of cell wall content of forage 

(cellulose, hemicelluloses, lignin).  Lower NDF values relate to higher intake.  

 Acid Detergent Fiber (ADF) –Often converted to total digestible nutrients (TDN) to 

provide an estimate of energy.  Lower ADF values are more digestible.  

 Metabolilzeable Energy (ME)- is the Gross Energy of the feed (amount of heat produced 

from oxidation of the feed) minus the energy that is lost through feces, urine, and gas.  It 

basically represents the energy from the feed that is absorbed, excluding the energy that 

is either lost during digestion or is indigestible and just passes through.  

 

 

 

 

 



Species collected from SFREC for this study:  

C. cuneatus was the only species collected at both HREC and SFREC.  It was found that site was 

a significant source of variation, with the sample from SFREC slightly more favorable in CP and 

ADF.  

 

 

 

 

 

 

Table 1. Nutrient content in leaves and stems of brush species, reported as % DM.  

Means within rows that do not share a common letter differ significantly (P<0.05). Rows 

which have no letters do not differ.______________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ceanothus cuneatus Wedgeleaf ceanothus 

Heteromeles arbutifolia Toyon 

 Quercus douglasii Blue oak 

 Quercus wislizenii Interior live oak 

Crude Protein Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 8.18a 6.79ab 6.23b 4.14a 3.5ab 3.22b 

Blue oak 11.24a 9.16ab 8.32b 5.52a 4.2b 4.59 ab 

Interior live oak 8.02a 7.63a 7.91a 4.47 3.47 3.84 

Wedgeleaf ceanothus 13.45a 9.39a 8.9b 6.04a 4.24b 3.82b 

              

ADF Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 23.79 25.29 22.73 46 47.49 46.99 

Blue oak 20.82 23.19 20.16 44.74 43.92 43.09 

Interior live oak 31.02 30.98 29.38 50.96 50.21 50.24 

Wedgeleaf ceanothus 15.57 15.94 16.86 53.43 54.96 55.42 

              

NDF Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 35.95 37.47 34.61 61.77 65.22 61.73 

Blue oak 34a 30.82ab 27.43b 60.78 61.16 58.86 

Interior live oak 46.6 46.41 43.73 66.11 65.09 63.92 

Wedgeleaf ceanothus 27.23 29.61 28.6 53.43 54.96 55.42 

              

Ash Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 5.8 5.78 5.81 4.2 4.17 4.03 

Blue oak 5.68a 5.83b 7.62b 6.53 6.71 7.02 

Interior live oak 3.02 2.97 3.36 3.24 3.61 3.66 

Wedgeleaf ceanothus 5.72 5.16 5.17 3.4 2.51 2.59 



Overall, brush species have low nutritional value and present challenges to targeted grazing 

management. For comparison, the best quality alfalfa hay will have ADF below 27% and CP 

above 22%. Remember that a higher ADF means the feed is less digestible, which will also limit 

intake.   Even poor quality alfalfa hay retains 35% ADF and up to 16% CP. Although the species 

tested at SFREC happen to have moderate levels of CP, some other species in the trial, such as 

manzanita, never exceeded 5% CP.  

Table 2. Organic matter digestibility and metabolizeable energy (ME) of brush species. Means 

within rows that do not share common letters differ significantly (P<0.05).  Rows without letters 

do not differ.______________________________________________________________  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.  Conversion of ME from MJ/kg to Mcal/ lb, since ME requirements are typically 

reported as Mcal._________________________________________________________  

 

 

 

 

 

 

 

The daily nutrient requirement of a goat in maintenance with low activity that weighs 110 lbs is 

1.91 Mcal of ME (Pond et al, 2005). This would require consumption of 3.4 lbs DM of blue oak 

leaves in Spring, which exceeds the daily DM intake demand of 2 lbs (1.95% BW). As the 

activity level increases (rougher terrain) or if animals are larger, in late gestation, lactating, or 

growing, the ME demands will increase to as high as 5.62 Mcal of ME per day. ME requirements 

for sheep are generally higher than goats. Therefore, consuming enough brush to meet energy 

demands is a challenge with California brush species.   

Organic Matter 

Digestibility (% OM) Leaf     Stem     

 

Spring Summer Fall Spring Summer Fall 

Toyon 35.73 32.86 34.8 42.13 37.84 37.03 

Blue oak 38.83 40.64 41.12 36.54 34.84 37.47 

Interior live oak 34.39a 38.15b 40.24b 34.02 33.69 34.7 

Wedgeleaf ceanothus 48.86 48.26 49.84 33.77 29.91 30.67 

ME (MJ/kg) Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 4.71 4.29 4.6 5.9 5.26 5.15 

Blue oak 5.17 5.45 5.36 4.8 4.54 4.9 

Interior live oak 4.79a 5.37ab 5.65b 4.72 4.67 4.82 

Wedgeleaf ceanothus 6.67 6.68 6.93 4.68 4.2 4.31 

ME (Mcal/lb) Leaf     Stem     

 

Spring Summer Fall Spring Summer Fall 

Toyon 0.51 0.47 0.5 0.64 0.57 0.56 

Blue oak 0.56 0.59 0.58 0.52 0.5 0.53 

Interior live oak 0.52 0.58 0.61 0.51 0.50 0.52 

Wedgeleaf ceanothus 0.72 0.72 0.75 0.51 0.46 0.47 



Chapter 2: Tannin Chemistry and Bioreactivity of California Chaparral Species.  

 

Tannins are the compound that “tans” raw animal hides into leather by binding to hide proteins. 

Tannins work the same way in the rumen by binding to proteins and making them less digestible. 

Tannins can be beneficial to livestock through suppression of bloat and control of internal 

parasites (Min and Hart, 2003). However, high levels of tannins (>4%) cause animals to eat less 

and can be toxic.  Oak intoxication begins after consuming large amounts of oak for 2-3 days, 

but is more common in cattle than sheep and goats.  

 

Table 1.  Tannin content (% DM) of leaves and stems of brush by season.  Means within rows 

that do not share a common letter are significantly different (P<0.05). Rows without letters do 

not differ. “Total Condensed Tannins” includes the soluble and insoluble condensed tannins.  

 

 

 

 

 

 

 

 

 

This study reported condensed tannins, not total tannins. Tannins are grouped into 2 classes: 

hydrolysable and condensed.  Hydrolysable tannins occur in oak leaves, and do not affect forage 

digestibility in ruminants, but can be metabolized into compounds that cause liver damage. 

Condensed tannins precipitate proteins, therefore affecting digestion. Condensed tannins are the 

most common form of tannins found in nature, and particularly woody plants, and are typically 

reported in studies (Min and Hart, 2003). 

 

Summary 

 

California brush species are high in fiber, and low in protein and available energy (ME). Overall, 

they cannot meet the nutrient requirements of most classes of sheep and goats year round.  

Furthermore, secondary compounds such as tannins bind to protein and carbohydrates, making 

the nutrients indigestible. Protein supplements may be needed for animals grazing brush.  

 

 

 

 

 

 

Total Condensed 

Tannins Leaf     Stem     

  Spring Summer Fall Spring Summer Fall 

Toyon 25.39 24.59 27.97 11.8 13.43 12.75 

Blue oak 30a 49.95b 47.07b 38.54 40.27 38.87 

Interior live oak 27.25 29.24 25.31 43.28a 58.39b 55.53b 

Wedgeleaf ceanothus 48.31 46.8 53.83 28.09 33.55 28.75 
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