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Abstract 
The goal of the study was to determine the nutritive values and in vitro true digestibility (IVTD) of browse and forb species consumed by goats at 

the Tuskegee University Atkins site. The site can be described as unmanaged long leaf pine plantation site approximately 10 years of age in the east, 
gulf coast region of Macon County, Alabama. The latitude of the Tuskegee site is 32.4230N and longitude is 85.6910W. The landscape is characterized 
by gently sloping topography (5–10 percent) and consist of many encroaching browse/forb species. The predominant grass cover is primarily of 
Andropogon virginicus (broom sedge) and other bunch grasses. These browse/forb species encompass much of the woodland vegetation in the 
Southeastern United States. Thirty different species were selected for analysis based on previous observations of goat preferences. Samples consisted 
of the leaves and tender tips collected three different times throughout the duration of the growing season (i.e. April (Spring), July (Summer), and 
November (Fall)). Samples were analyzed for crude protein (CP), acid detergent fiber (ADF), neutral detergent fiber (NDF), crude fat, and in vitro 
true digestibility (IVTD). The total digestible nutrients (TDN) values were estimated from ADF values. The average CP values were 19.0, 16.9, and 
11.5% for spring, summer and fall collections, respectively. There were significant differences (P<0.001) between the spring values compared with 
summer and fall values, however, there were no differences (P>0.05) between the summer and the fall values. Similar trends were observed for ADF, 
NDF, TDN, and IVTD values, except the fat values were similar between the spring and the fall collections while being significantly different from the 
summer values (P<0.01). The results provided valuable information about the nutritive values and IVTD value of browse and forb species commonly 
consumed by meat goats in the woodland areas of Alabama. The experiment will be continued for two additional years to overcome the seasonal 
differences so meaningful results can be obtained.

Keywords: Browse; Forbs; Nutritive values; In vitro true digestibility

Abbreviations: CP= Crude Protein; ADF= Acid Detergent Fiber; NDF= Neutral Detergent Fiber; TDN= Total Digestible Nutrients; IVTD= In Vitro True 
Digestibility; CT= Condensed Tannins 

Introduction
Much of the woodland vegetation in the Southeastern United 

States consists of many browse and forb species. This vegetation 
can be a valuable feed resource for goats because given the choice 
goats consume largely browse species (73%), and lesser amounts 
of grasses (23%) and forbs (4%) [1]. Goats have consistently shown 
to consume a wide variety of plants and selected higher quality 
plants than cattle and sheep [2].

Goat production in the Southeastern United States is becoming 
increasingly more important as the population is becoming more 
diverse, diversifying the market demands for livestock products 
(i.e. meat and milk). Currently, goats, which are naturally browsers  
are being reared in grazing systems which are not conducive to  

 
sustainable production. Grazing goats are plagued with anthelmintic 
resistant, gastrointestinal nematodes which often result in a high 
mortality rate [3]. Large amounts of unused, overgrown land can be 
utilized as an alternative source of nutrients for goats [4]. Browse 
and shrub species often found on unused land tend to be high in 
crude protein (CP), minerals, and soluble carbohydrates [5,6]. 
However, many of the species tend to be high in condensed tannins 
(CT) which are considered an antinutritive compounds as they can 
decrease the availability of protein by forming insoluble, tannin-
protein complexes. Goats have consistently shown the ability to 
tolerate higher levels CT on a dry matter basis [4,7]. Allowing goats 
to graze unwanted, browse vegetation can improve animal health 
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by reducing the level of parasitism and the cost of production as the 
need for supplementation could potentially be eliminated.

The objective of the present study was to evaluate the nutrient 
composition and the In Vitro True Digestibility of 30 different 
browse species that are commonly found on overgrown land in the 
Southeastern United States across the growing season. Most of the 
species studied encompass much of the browse vegetation in the 
Southeastern United States.

Material and Methods
Based on our previous study [8], which identified browse and 

forb species selected by grazing goats, the leaves, stem tips, and 
tender growths were collected from 30 different species (Table 1) 
at the Tuskegee University Atkins site. However, samples did not 
include any seeds and fruits which goats tend consume.

Table 1: The lists of experimental browse/forb species used in this 
experiment.

Common Name Scientific Name

Chinese privet Ligustrum sinense

Water oak Quercus nigra

Sweet gum Liquidambar styraciflua

American Plum Prunus americana 

Hickory Carya tomentosa 

Yaupon Ilex vomitoria

Farkleberry Vaccinium arboretum

Blueberry Vaccinium corymbosum 

Willow oak Quercus phellos 

Loblolly pine Pinus taeda

Cedar Juniperus virginiana 

Wax myrtle Myrica cerifera

Blackjack oak Quercus marilandica 

Southern Grape Vine Vitis rotiundifolia 

Mimosa Mimosa pudica 

Sumac Rhus hirta

Greenbrier Smilax rotundifolia 

Black Cherry Tree Prunus serotina 

Black berry Rubus fruticosus 

Poke salad Phytolacca americana 

Honeysuckle Lonicera L. 

Dog fennel Eupatorium capillifolium 

Kudzu Pueraria montana 

Hackberry Celtis occidentalis 

Tallow Sapium sebiferum 

Chinaberry Melia azedarach 

Longleaf pine Pinus palustris 

Mulberry Morus alba 

Bracken fern Pteridium aquilinum 

Foxberry Vaccinium vitis 

Sample collection

A minimum of 0.5 kg was collected from three different locations 
on each of the species at three different times throughout the 

duration of the growing season (i.e. April (Spring), July (Summer), 
and November (Fall). Samples were then weighed and dried at 60 
°C for 72 hours in a forced air oven. After the drying was complete, 
samples were weighed and then ground utilizing a Wiley- Mill 
grinder with a 1-mm sieve. Composite samples were then formed 
by combining and mixing the three samples collected from each of 
the different species.

Chemical Analysis
Acid detergent fiber (ADF) and neutral detergent fiber (NDF) 

concentrations were determined using the Ankom 2000 Fiber 
Analyzer, filter bag technique (Ankom Technology, Macedon, 
NY) a modification of Van Soest procedure [9]. Heat stable 
α-amylase (Ankom Technology) was utilized in determining the 
concentration of NDF. Total digestible nutrients (TDN) values 
were calculated utilizing the ADF value for each of the composite 
samples. The prediction equation selected is described by SGS, 
AGRIFOOD Laboratories for Grass (forage, hay, and haylage). 
In vitro true digestibility (IVTD) was determined utilizing a 
modification of Tilley and Terry procedure [10] with Ankom Daisy 
Two, Rotating Incubator System. Ankom F-57 were loaded with 
0.25 g of the composite sample and incubated for 48-hours. Four 
liters of rumen inoculum was obtained from a fistulated, Holstein 
dairy cow maintained on 16% CP diet. Each incubation jar was 
inoculated with 400 mL of rumen fluid with 1.6 L of buffering 
solution prepared according to the guidelines described by Ankom 
Technology. Digestion jars were then purged of oxygen with a flow 
of CO2 for 30 seconds. At the end of the incubation period, samples 
then underwent neutral detergent fiber treatment with heat stable 
α-amylase. Samples were then washed with acetone and dried at 
110 °C for 3-hours and weighed. CP and fat concentrations were 
determined utilizing near infrared spectroscopy (NIRS) [11,12].

Statistical analysis

Data were analyzed utilizing GLM procedures of SAS (SAS Inst., 
Cary, NC) and season (or collection time) means were analyzed to 
assess the change over the growing season. Level of significance 
was determined at P≤ 0.05.

Results 
TDN and CP

Throughout the duration of the growing season, crude protein 
(CP) linearly declined with time of season (Figure 1b). Significant 
differences (P≤0.05) in CP values were only observed between 
the spring and fall collection time. The difference between fall and 
summer was determined not to be significant; however, there was 
a slight decrease as the growing season progressed (Figure 1b). 
Average CP values for the three-collection time were as follows: 
19.0%, 16.9%, and 11.5%. TDN values were also calculated for the 
three collection times and provided a trend like that of CP. As the 
growing season progressed, there was a marked decrease in the TDN 
values except for the third collection time where there was a slight 
increase. Significant differences were observed between two of the 
collection times: collection 1 (spring) and 2 (summer); collection 
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1 (spring) and 3 (fall). The difference between the summer and 
the fall values were not statistically significant. TDN values for all 
three collection times were 67.2%, 57.5%, and 58.6%, respectively. 
Overall, for both CP and TDN values, there was a similar trend with 

a decline in concentration overtime, except for the TDN values in 
the third collection, which produced a slight increase compared to 
the second collection (Figure 1).

Figure 1: The effect of growing seasons on total digestible nutrient (TDN; a) and crude protein (CP; b) contents in the browse/forb species on 
dry matter basis.

Neutral Detergent Fiber (NDF), Acid Detergent Fiber 
(ADF), and In Vitro True Digestibility (IVTD)

NDF and ADF: Neutral detergent fiber concentration increased 
throughout the experimental period. Significant differences were 
observed when comparing collection 2 (summer) and 3 (fall) 
to collection 1 (spring). However, no significant difference was 
observed between collection 2 and 3. The composite NDF means 
for each collection times were as follows: 42.7%, 52.6%, and 
52.0%. As the growing season progressed, NDF concentration 
continually increased with a slight decrease for the fall collection. 
ADF concentration followed a similar trend to that of NDF with 

significant differences when comparing 2 and 3 to the first 
collection and no significant difference between collection 2 and 3. 
ADF means for the three-collection times were found to be 28.8%, 
38.6%, and 38.9%, respectively. As the growing season progressed, 
the values for both NDF and ADF continually increased.

IVTD: The mean IVTD values were determined to be statistically 
significant when comparing collection 2 and 3 to collection 1; 
however, when comparing 2 to 3 no statistical significance was 
detected (P>0.05). IVTD values for the three collection times were 
determined to be: 72.19%, 60.8%, and 54.1%. Over the growing 
season IVTD values continually decreased (Figure 2).

Figure 2: The effect of growing season on ADF and NDF concentrations and In Vitro True Digestibility on a dry matter basis.

Nutrient composition
Table 2: Chemical composition and In Vitro True Digestibility (IVTD) of browse/forb species over the growing season. All values are presented on dry 
matter basis.

Item Name of Browse CP NDF ADF Fat IVTD    TDN

    %   

1 Chinese Privet 15.9 49.2 38 4.6 68.3 58.1

2 Water Oak 11.7 52.7 29.9 3.9 56.2 65.5

3 Sweet Gum 17.4 46.1 33.8 4.3 65.3 61.8

4 American Plum 23.7 44.9 29.9 6.8 67.9 65.4
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5 Hickory 17.7 52.9 38.9 4.9 57.1 57.2

6 Yaupon 14 57.9 45 4.1 68.1 51.7

7 Sparkle Berry 20.7 46.9 40 7.2 - 59.4

8 Vaccinium Corymbosum (Blueberry) 17.4 52.9 35.3 1.1 47.7 60.5

9 Willow Oak 12.1 48.5 33.8 4 41.6 61.9

10 Loblolly Pine 6.6 55 39 3.4 53.5 57.1

11 Cedrus (Cedar) 10.4 53.9 39.6 3.2 63.3 56.7

12 Wax Myrtle 18.1 51.3 36.5 5.1 56.6 59.4

13 Quercus Marilandica (Blackjack Oak) 12.7 47.2 33.2 3.6 50.2 62.5

14 Great Vine 14.2 53.5 35.9 3.7 61.2 59.9

15 Mimosa Pudica (Mimosa) 22.4 40.7 26.3 5.1 70.9 68.7

16 Rhus (Sumac) 10.3 39.4 28.9 5.4 76.5 66.4

17 Smilax Rotundifolia (Greenbrier) 26.4 52.9 42.7 6.7 43.3 60

18 Prunus Serotina (Black Cherry Tree) 19 52.3 37.6 3.4 61.3 58.4

19 Black Berry 10.6 55.9 44.1 4.3 61.2 52.6

20 Poke Salad 26.4 32.1 18.1 5.6 83.3 76.1

21 Honeysuckle 13.4 52.5 39.8 3.6 67.8 56.4

22 Dog Fennel 14.9 40.7 33.3 2.4 62.5 73.8

23 Kudzu 22.1 47.2 31.7 3.5 66.4 63.8

24 Hackberry 18.8 48.3 31.5 3.5 63.5 63.9

25 Talon 15.3 50.9 32.1 2.4 86.5 63.4

26 Chinaberry 17.8 36.9 31.9 3 80.8 63.6

27 Long Leaf Pine 24.7 44.5 28.1 4.7 54.6 67.1

28 Mulberry 5.4 56.7 39.9 2.4 82.8 56.3

29 Braken Fern 30.1 35.9 25.6 3.2 51.2 69.4

30 Foxberry 12.7 62 46.4 3.9 53.1 50.4

P-Value 0.15 0.13 0.36 0.9 0.01 0.47

By Season CP NDF ADF Fat IVTD     TDN

April (Spring) 19.0a 42.7b 28.8b 5.0a 72.9a 67.2a

July (Summer) 16.9ab 52.6a 38.6a 2.8b 60.8b 57.5b

November (Fall) 11.5b 52.0a 38.9a 4.8a 54.1b 58.6b

SEM 1.4 1.66 1.48 0.39 3.24 1.39

P-Value 0.001 0.001 0.001 0.01 0.01 0.001

Analyzed by GLM procedure using a SAS. Column values with different superscripts differ (P< 0.05).
Table Abbreviations: CP: Crude Protein; NDF: Neutral Detergent Fiber; ADF: Acid Detergent Fiber; IVTD: In Vitro True Digestibility; TDN: Total 
Digestible Nutrients.

Table 2 shows the mean values for the chemical composition 
of the individual species for the growing season. Additionally, it 
contains the mean values for the chemical composition by season.

Discussion 
A large amount of work has been conducted on browse and 

forb species and their nutrient composition around the world; 
however, this has not been fully investigated in the southeastern 
United States. Previously conducted work has investigated species 
similar to those found in the southeastern United States (i.e. of 
the same genus) but did not take into account the changes over 
the growing season. When comparing other published data to the 
values obtained in this experiment, CP concentration increased 
while both NDF and ADF decreased [3]. Quercus nigra has been 
investigated in other studies and received the following values 

for CP, NDF, and ADF: 9.63%, 54.8%, and 34.5% [4]. The fiber 
differences can be attributed to different stages in the collection 
period as both studies did not collect samples over the growing 
season but at one time. The CP differences observed between the 
three of these studies could possibly be explained by the soil and 
environmental condition where each of the studies took place. The 
soil type and nutrients found in southeastern United States differ 
drastically form other places in the world and are conducive to high 
quality forage production which could also be conducive to higher 
quality browse species production. It is expected over the growing 
season to see trends like what was observed in the current study, 
with decreases in CP, TDN, and IVTD. Additionally, it is expected for 
NDF and ADF values to increase as the plant matures. Most browse 
species drop their leaves before or at frost [13].
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Morus alba (mulberry) tree has also been investigated across 
the world; however, the results vary drastically for some parts of 
the nutrient composition. In previous work, CP concentration was 
found to be 23% and the NDF concentration to be 43.7% [14]. While 
other studies found the CP concentration to be 19.6% and the NDF 
and ADF concentrations to be 35% and 26.5% [15]. In the current 
study, CP concentration was determined to 5.4% while the NDF and 
ADF concentrations were determined to be 56.7% and 39.9%. The 
differences in fiber concentration are most likely related to the time 
of collection. In the current study, composite samples were analyzed 
for nutrient composition. However, CP concentration in the current 
study was considerably low compared to the other studies which 
investigated the nutrient composition of Morus alba this could be a 
result of the method used to determine the N content. The current 
study utilized NIRS for CP and Fat concentration. The digestibility 
values may be lower due the presence of condensed tannins [8] in 
the browse species although we did not measure the tannin levels.

Goats consume a wide variety of plants and selected higher 
quality plants than cattle and sheep [2] and are resistant to 
many plant toxins and antinutritive factors. Goats are capable of 
defoliating most plants species, many of which cattle will not utilize. 
Goats consume mainly browse species (73%) and lesser amounts 
of grasses (23%) and forbs (4%), although the proportion varied 
with availability [1]. The second characteristic is that while goats 
are eating these undesirable plants, they are producing a saleable 
product. Goats often have a preference to select species that are 
in minority. Preference of a species is affected by the availability 
of other plant species. Goats will probably consume, at least to a 
minor extent, a majority of herbaceous and woody species available 
in North America [13]. This includes highly preferred species such 
as blackberry, green briar, sumac, winged elm, poison ivy, iron- 
weed, kudzu, and moderately preferred species such as post oak, 
multiflora rose, sunflower, ragweed, hickory, hawthorn, tall thistle 
and eastern red cedar [16]. Lesser-preferred species include Osage 
orange, Illinois bundleflower, hackberry, buckbrush, and giant 
ragweed [16]. Goats also tolerate higher levels of tannins than 
cattle or sheep. In addition, they have fewer problems from plant 
toxicity because they consume a large number of different plant 
species within the day. Also, they are resistant to bloating. Goats 
have consistently shown to have a greater preference for weeds 
than sheep [17], which may be a consequence of the ability of goat 
rumen microorganisms to detoxify the plant [18]. This study raises 
a fundamental question. If browse/forbs are such good feedstuffs 
for goats, how can we integrate them in the grazing/browsing 
systems and generate a profit from selling goat meat. In South 
Africa, the brush veldt is managed for the regeneration of woody 
species for sheep and goats since woody species are more drought 
tolerant than herbaceous species [19]. Some species that could be 
planted include mimosa and black locust. It is also possible that 
pasture lands could be managed to favor regeneration of woody or 
weedy species. Browsing goats pick up fewer infective worm larvae 
resulting in fewer problems with parasitic worms. Feed stuffs can 

be provided to goats to ensure that the nutrient requirements are 
being met in the situation when browse species are not plentiful 
[20].

In conclusion, when nutrient requirements of different classes 
of goats are matched especially with respect to CP levels with the 
browse/forb species evaluated in the current study, these species 
will probably be adequate to meet nutritional needs of all classes 
of meat goats with some exceptions [5,21]. However, goats do not 
consume more than 50% of their diet as browse due to the presence 
of antinutritional compounds such as condensed tannins [13].
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