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Summary

Background: plant extracts of Forsythia suspensa, which contain pinoresinol, have been proposed as an alternative 
to antibiotics due to their antioxidant, anti-inflammatory, and microflora modulating effects. Objective: to evaluate the 
effects of dietary F. suspensa on feed utilization, rumen fermentation, blood parameters and immune response of Korean 
native goats (Capra hircus). Methods: a total of nine Korean native goats were assigned to one of three dietary treatments: 
1) a basal diet without F. suspensa, 2) a basal diet added with 0.25% F. suspensa, or 3) a basal diet added with 0.50% F. 
suspensa. A change-over design was used in three consecutive periods to give 9 replicates per treatment. Each period 
lasted 18 days, including 15 days of adaptation to feed and environmental conditions and three days of total collection 
of feces and urine. Rumen fluid and blood samples were also collected. Nutrient digestibility, nitrogen retention, ruminal 
content, and blood metabolites—including immunoglobulins—were measured. Results: F. suspensa supplementation 
had no effect on nutrient digestibility, whole body nitrogen retention rate, ruminal pH, acetate, propionate, isobutyrate, 
butyrate, isovalerate, or valerate content (p>0.05). However, F. suspensa supplementation decreased total volatile fatty 
acids (VFA) concentration compared with the control diet, regardless of F. suspensa concentrations (p<0.05). Goats fed a 
diet containing 0.25% F. suspensa had greater alkaline phosphatase (ALP) concentration than those fed a control or a diet 
with 0.50% F. suspensa (p<0.05). Feeding different concentrations of dietary F. suspensa did not influence plasma IgA 
and IgM levels (p>0.05), although goats receiving both 0.25% and 0.50% F. suspensa diets had greater plasma IgG than 
those fed the control diet (p<0.05). Conclusions: supplementation of 0.25% F. suspensa significantly decreased total VFA 
concentrations and increased plasma IgG in Korean native goats, compared with those fed the control diet.
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Resumen

Antecedentes: los extractos de la planta Forsythia suspensa contienen pinoresinol. Dicha planta se ha 
propuesto como una alternativa a los antibióticos debido a su contenido de antioxidantes, antiinflamatorios y sus 
efectos moduladores de la microflora. Objetivo: evaluar los efectos dietarios de F. suspensa sobre la utilización 
del alimento, fermentación ruminal, parámetros sanguíneos y respuesta inmune en cabras nativas coreanas (Capra 
hircus). Métodos: un total de nueve cabras nativas coreanas fueron asignadas a 1 de 3 tratamientos: (1) una dieta 
basal sin F. suspensa, (2) una dieta basal con 0,25%, o (3) 0,50% de F. suspensa dietaría en un diseño change-over 
por tres periodos consecutivos con nueve réplicas por tratamiento. Cada periodo se prolongó por 18 días, incluyendo 
15 días de adaptación al alimento y a las condiciones ambientales, y tres días de colección total de heces y orina. 
Tambien se colectó fluido ruminal y muestras sanguineas. Se midió la digestibilidad de nutrientes, nitrógeno retenido, 
contenido ruminal y metabolitos sanguíneos —incluyendo inmunoglobulinas—. Resultados: la suplementación 
con F. suspensa no tuvo efecto sobre la digestibilidad de los nutrientes, la tasa de retención de N, pH ruminal, ni 
sobre los contenidos de acetato, propionato, isobutirato, butirato, isovalerato o valerato (p>0,05). Sin embargo, la 
suplementación con F. suspensa disminuyo la concentración total de ácidos grasos volátiles (VFA) en comparacion 
con la dieta control, sin tener en cuenta las concentraciones de F. suspensa (p<0,05). Las cabras alimentadas con 
la dieta de 0,25% de F. suspensa tuvieron mayor concentración de fosfatasa alcalina (ALP) que cuando fueron 
alimentadas con la dieta control o con la de 0,50% de F. suspensa (p<0,05). Aunque la alimentación con diferentes 
concentraciones de F. suspensa no influyo en los niveles de IgA y IgM en plasma (p>0,05), las cabras que recibieron 
0,25 y 0,50% de F. suspensa tuvieron mayor concentración de IgG en plasma que aquellas alimentadas con la 
dieta control (p<0,05). Conclusiones: la suplementación de 0,25% de F. suspensa disminuyo significativamente la 
concentración total de VFA e incrementó la IgG en el plasma de las cabras nativas coreanas, en comparación con 
aquellas que consumieron la dieta control.

Palabras claves: extracto de planta, inmunoglobulina, reemplazo de antibióticos.  

Resumo

Antecedentes: a Forsythiae suspensa é uma planta e seu extrato contém pinoresinol. Tem sido proposta como uma 
alternativa aos antibióticos existentes, devido ao seu teor de antioxidantes, anti-inflamatórias e efeitos moduladores 
da microflora, com base em estudos feitos in vivo e in vitro. Objetivo: avaliar os efeitos na dieta da inclusão de F. 
suspensa no aproveitamento alimentar, fermentação ruminal, parâmetros sanguíneos e resposta imune em caprinos 
coreanos nativos (Capra hircus). Métodos: um total de nove cabras coreanas nativas foram assignadas a um de 
três tratamentos na dieta: (1) uma dieta basal sem F. suspensa, (2) uma dieta basal com 0,25% de F. suspensa, 
ou (3) com 0,50% de F. suspensa na dieta. Se fez um desenho change-over por três períodos consecutivos com 
nove repetições por tratamento. Cada período de pesquisa consistiu de 18 dias, incluindo 15 dias de adaptação às 
condições alimentares e ambientais, e três dias de coleta total de fezes e urina. Também foram coletadas amostras de 
líquido ruminal e sangue. Mediou-se a digestibilidade dos nutrientes, o nitrogênio (N) retido, o conteúdo ruminal, 
e os parâmetros sanguíneos —incluindo imunoglobulinas—. Resultados: a suplementação com F. suspensa não 
teve nenhum efeito sobre a digestibilidade dos nutrientes, a taxa de retenção de N, o pH do rúmen, nem sobre os 
conteúdos de: acetato, propionato, isobutirato, butirato, isovalerato e valerato (p>0,05). No entanto, a suplementação 
de F. suspensa diminuiu a concentração total de ácidos gordurosos voláteis (AGV) em comparação com a dieta 
controle, independentemente das concentrações de F. Suspensa (p<0,05). As cabras alimentadas com 0,25% F. 
suspensa na dieta tiveram maiores quantidades da enzima fosfatasse alcalina (ALP) do que quando elas foram 
alimentadas com a dieta controle ou com 0,50% de F. suspensa (p<0,05). Ainda que a alimentação com diferentes 
níveis de F. suspensa não influenciou os níveis de IgA e IgM no plasma (p>0,05), as cabras que receberam na dieta 
0,25 e 0,50% de F. suspensa tiveram uma maior concentração de IgG no plasma comparadas as cabras alimentadas 
com a dieta controle (p<0,05). Conclusões: a suplementação com 0,25% e 50% diminuiu significativamente a 
concentração de AGV e incrementou a concentração em plasma de IgG em cabras nativas coreanas comparadas 
com aquelas que consumiram a dieta controle.

Palavras chave: extrato de planta, imunoglobulina, uso alternativo de antibióticos.

Introduction

Plants produce a huge variety of secondary 
compounds for protection against microbial and insect 
attacks (Wallace, 2004). Some of these compounds, 

such as essential oils (Patra et al., 2006; Yang et 
al., 2007; Agarwal et al., 2009; Sallam et al., 2009; 
Wang et al., 2009a), saponins (Lovett et al., 2006; 
Pen et al., 2007; Singer et al., 2008; Mao et al., 
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2010), tannins (Hervas et al., 2003; Mueller-Harvey, 
2006; Beauchemin et al., 2007; Waghorn, 2008), 
and organosulfurs (Bampidis et al., 2005; Yang et 
al., 2007) are used as dietary additives to selectively 
modulate rumen microbial populations, improve 
nitrogen metabolism and decrease methane production 
in the rumen. Overall ecology modulation of rumen 
microflora can also influence the gastrointestinal 
health of the host animal. Several experiments showed 
Forsythia fructus has antioxidant effects in rats (Lu 
et al., 2010), in vitro anti-inflammatory effects (Lim 
et al., 2008), in vitro prevention of unfavorable-
microorganisms (Bae et al., 2005; Qu et al., 2012), 
effects against allergic reactions to soybeans in 
weaned pigs (Hao et al., 2010), and can regulate blood 
pressure in rabbits (Moon and Ha, 1977). 

However, there is little information available 
about the effects of F. fructus or Forsythia suspensa 
supplementation on ruminants. Therefore, the 
objective of this study was to evaluate the effects 
of dietary F. suspensa on feed utilization, rumen 
fermentation, blood parameters, and immune 
responses in Korean native goats.

Materials and methods

The experimental protocol used in this study was 
approved by the Animal Care and Use Committee of 
Chungnam National University in South Korea.

A total of nine Korean native goats (average 
body weight: 26.1 ± 0.42 kg) were used. Goats were 
individually housed in metabolism crates (50 cm × 
100 cm × 70 cm). Crates were equipped with wire-
mesh flooring, a nipple drinker and a metal feeder. 
Goats had ad libitum access to water and experimental 
diets throughout the experiment. Diets were fed as a 
total mixed ration (TMR). The test supplement (i.e., 
F. suspensa) was ground using a laboratory hammer 
mill (Glen Creston Ltd., London, UK) through a 1 
mm screen before top-dressed to the control TMR. 
Experimental diets were formulated to meet or 
exceed nutrient requirements of goats (NRC, 1985). 
Composition and nutrient contents of the experimental 
diets are presented in Tables 1 and 2. The experiment 
was conducted as a change-over design with three 

consecutive periods and nine observations per 
treatment. Goats were fed once per day (0900 h) to 
meet or exceed daily energy requirements based on 
body weight. Each period lasted 18 days, including 
15 days of adaptation to feed and environmental 
conditions, and 3 days of total collection of feces and 
urine. The ambient temperature was maintained at 
25 °C to 30 °C throughout the study. Feed and water 
intake were measured daily. Fecal samples were 
collected daily in sample bags and immediately stored 
at -20 ºC for further analysis. Urine was collected daily 
in sample containers added with 50 mL HCl (10%, 
v/v) to minimize N losses. Urine was weighed and 
a sub-sample (10% of the total weight) was strained 
through glass wool and stored at -20 °C. 

Table 1. Chemical composition of Forsythia suspensa.

Chemical composition DM basis, %

Crude protein
Crude fat
NDF1

ADF2

ADL3

Ash

7.2
21.5
47.7
41.8
24.1
8.1

1Neutral detergent fiber.
2Acid detergent fiber.
3Acid detergent lignin.

Fecal samples were thawed and pooled for each 
goat in each period, then subsampled and oven dried. 
The dried samples of feces and diet were ground with a 
laboratory hammer mill (through 1 mm screen; Glen 
Creston Ltd., London, UK) and thoroughly mixed 
prior to chemical analysis. Fecal and diet samples 
were analyzed for DM, ether extract, nitrogen (N), 
neutral detergent fiber (NDF), and acid detergent 
fiber (ADF). Dry matter was determined according 
to the method of AOAC (1990; method925.09). 
Nitrogen content was determined by combustion 
(method 990.03; AOAC 1990) using a combustion 
analyzer (model CNC-2000; Leco Corporation, St. 
Joseph, MI, USA). Ether extract was determined 
using the AOAC method920.39 (1990). NDF 
and ADF content were analyzed according to the 
method of Goring and Van Soest (1970). Total tract 
apparent digestibility (TTAD) was calculated using 
the following equation [(nutrient intake – fecal 
excretion)/nutrient intake] x 100.
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Blood samples were collected from the jugular vein 
in heparinized vacuum tubes (BD Vacutainer, Becton, 
Dickinson and Company, NJ, USA) before the morning 
feeding at the end of each experimental period. Samples 
were immediately centrifuged at 2000 × g for 30 min, 
and plasma was stored at -70 ºC until analysis. Plasma 
samples were analyzed using an automatic analyzer 
(SPOTCHEM EZ SP-4430, Arkray Inc., Kyoto, Japan) 
to measure albumin, alkaline phosphatase (ALP), blood 
urea nitrogen (BUN), calcium (Ca), creatine, glucose, 
glutamic-oxaloacetic transaminase (GOT), glutamate 
pyruvate transaminase (GPT), total Bilirubin, total 
cholesterol, and total protein. Plasma IgA, IgM, and IgG 
were measured using commercially available ELISA 
kits (Blue Gene Biotech Co. Ltd., Shanghai, China). 
Goat plasma was dispensed in each well and incubated 
together with IgA, M and G-HRP conjugate in a pre-
coated plate at 37 ºC for 1 h. Thereafter, the plates were 
decanted and washed five times with washing solution, 
and then substrate solutions were added and kept at 37 
ºC for 15 min. Finally, a stop solution was added to 
the reaction and measured at 450 nm in a microplate 
reader (Thermo-Max, Molecular Devices, Sunnyvale, 
CA, USA). 

Data were analyzed using the GLM procedure 
of ANOVA (SAS software release 9.1, SAS Inst. 
Inc., Cary, NC, USA). Individual goats were the 
experimental unit for all measured variables. Pair-
wise comparisons between means were made when 
appropriate using Fisher’s-protected LSD analysis 
when a significant treatment effect was observed. 
Statistical significance and tendency were considered 
at p<0.05 and 0.05≤p<0.10, respectively.

Results

Dietary treatments had no effects (p>0.05) on feed or 
water intakes, nor on urine, or feces excretion (Table 3). 

Table 2. Ingredients and chemical composition of TMR (as-fed 
basis)1.

Items Control diet

Ingredients (%)
   Hay
   Corn
   Soybean meal
   By-products of grains2

   Molasses
   By-products of food processing2

   Salt
   CaCO3

3

   Vitamin-mineral mixture4

40.0
19.0
6.4
25.2
4.5
4.4
0.2
0.1
0.2

Calculated nutrient composition
   Crude protein, %
   Crude fat, %
   NDF5, %
   ADF6, %
   Ash, %

12.5
4.3
60.9
32.8
8.8

Analyzed nutrient composition
   Crude protein, %
   NDF, %
   ADF, %

13.1
62.8
31.2

1Total mixed ration.
2Fusion Bio Co., Ltd. South Korea.
3Calcium carbonate.
4Vitamin and mineral premix supplied the following per kilogram of complete 
diet: 3,800 IU of vitamin A, 400 IU of vitamin D3, 20 IU of vitamin E, 50 mg 
of iron, 0.15 mg of cobalt, 7 mg of copper, 24 mg of manganese, 30 mg of 
zinc, 0.6 mg of iodine, 0.15 mg of selenium.
5Neutral detergent fiber.
6Acid detergent fiber.

Rumen fluid was collected using a stomach tube 
2 h prior to daily feeding. Rumen contents were 
filtered through four layers of cheesecloth and pH was 
immediately determined using a pH electrode (pH meter 
440, Corning, NY, USA). Volatile fatty acid (VFA) 
concentrations were determined in duplicate samples 
using methods described by Fenner and Elliot (1963). 

Table 3. Effect of dietary Forsythia suspensa on feed and water intakes, urine, and feces excretion in Korean native goats1.

Items Forsythia suspensa addition, %
0 0.25 0.5

Feed intake, DM, g/d 962 ± 39.8 938 ± 32.0 962 ± 27.6
Water intake, mL/g feed, DM 2.7 ± 0.10 2.8 ± 0.15 2.4 ± 0.13
Urine excretion, mL/d 1108.1 ± 135.93 1132.4 ± 145.07 1076.8 ± 142.88
Feces excretion, DM, g/d 312.1 ± 14.20 291.6 ± 12.57 302.7 ± 11.61

1Values are Mean ± SEM. All measured variables were not significant (p>0.05).
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Supplementation of F. suspensa tended to 
increase total tract apparent digestibility of dry 
matter (p<0.10), while total tract apparent crude 
protein digestibility tended to decrease with F. 
suspensa supplementation (Table 4).

No effects were observed of F. suspensa addition 
on total N intake and excretion through feces and 
urine, N retention, or whole body N retention rate 
(Table 5).

Table 4. Effect of dietary Forsythia suspensa on total tract apparent nutrient digestibilities in Korean native goats1.

Total tract apparent digestibility, %    Forsythia suspensa addition, %

0 0.25 0.5

Dry matter 67.6 ± 0.42a 68.9 ± 0.39b 68.5 ± 0.52b

Ether extract 76.2 ± 0.82 78.0 ± 0.31 77.5 ± 0.52

Crude protein 68.5 ± 0.49a 67.7 ± 0.51b 67.5 ± 0.54b

NDF2 62.7 ± 0.36 64.2 ± 0.66 64.4 ± 0.74

ADF3 48.6 ± 0.66 50.8 ± 0.62 50.2 ± 0.82

1Values are Mean ± SEM. 
2Neutral detergent fiber.
3Acid detergent fiber.
a-bMeans within a row with different letters are different (p<0.10).

Table 5. Effect of dietary Forsythia suspensa on nitrogen retention in Korean native goats1.

Items Forsythia suspensa addition, %

0 0.25 0.5

Total N intake, g/d 11.9 ± 0.47 12.0 ± 0.51 11.8 ± 0.52

Loss, g/d

   Feces 3.9 ± 0.20 3.9 ± 0.13 3.9 ± 0.16

   Urine 3.9 ± 0.47 4.1 ± 0.45 3.8 ± 0.52

   Total 7.8 ± 0.62 7.9 ± 0.53 7.7 ± 0.61

Retention, g/d 4.0 ± 0.24 4.1 ± 0.41 4.9 ± 0.40

Retention rate, % 34.0 ± 2.39 34.1 ± 3.17 35.3 ± 3.30

1Values are Mean ± SEM. All measured variables were not significant (p>0.05).

F. suspensa supplementation decreased (p<0.05) 
total VFA concentration in ruminal digesta compared 
with the control diet, regardless of F. suspensa 
concentrations (Table 6). However, ruminal pH, 
acetate, propionate, iso-butyrate, butyrate, iso-valerate, 
and valerate contents, and acetate:propionate ratio 
were not affected (p>0.05) by different concentrations 
of dietary F. suspensa supplementation (Table 6).

Goats fed the 0.25% F. suspensa diet had greater 
(p<0.05) ALP concentration than those fed the control 

or 0.50% F. suspensa diet (Table 7). Nonetheless, 
dietary treatments had no effect (p>0.05) on blood 
parameters such as albumin, BUN, Ca, creatine, 
glucose, GOT, GPT, total bilirubin, total cholesterol, 
and total protein (Table 7). Although feeding 
different concentrations of dietary F. suspensa did 
not influence (p>0.05) plasma IgA and IgM contents, 
goats receiving both 0.25% and 0.50% F. suspensa 
had greater (p<0.05) plasma IgG than those fed the 
control diet (Table 8).
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Table 7. Effect of dietary Forsythia suspensa on blood parameters in Korean native goats1.

Items Forsythia suspensa addition, %

0 0.25 0.5

Albumin, g/dL 3.6 ± 0.08 3.7 ± 0.09 3.8 ± 0.03

ALP, IU/L 264.2 ± 16.10ab 308.4 ± 14.20a 252.2 ± 16.94b

BUN, mg/dL 12.7 ± 0.96 13.0 ± 1.01 12.6 ± 0.67

Ca, mg/dL 9.2 ± 0.23 9.2 ± 0.35 9.8 ± 0.23

Creatine, mg/dL 1.2 ± 0.05 1.2 ± 0.14 1.3 ± 0.07

Glucose, mg/dL 69.3 ± 2.02 72.3 ± 1.99 73.4 ± 2.22

GOT2, IU/L 76.1 ± 3.12 76.2 ± 3.00 72.1 ± 3.20

GPT3, IU/L 16.0 ± 1.38 17.3 ± 1.11 15.8 ± 1.28

Bilirubin, mg/dL 0.5 ± 0.03 0.5 ± 0.03 0.5 ± 0.02

Cholesterol, mg/dL 68.9 ± 3.88 72.7 ± 3.82 70.6 ± 2.95

Protein, g/dL 6.5 ± 0.22 6.6 ± 0.20 6.7 ± 0.14

1Values are Mean ± SEM. 
2Glutamic-oxaloacetic transaminase.
3Glutamate pyruvate transaminase.
a-bMeans with different superscript letters within each column are significantly different (p<0.05).

Table 6. Effect of dietary Forsythia suspensa on ruminal parameters in Korean native goats1.

Items      Forsythia suspensa addition, %

0 0.25 0.5

pH 5.8 ± 0.12 5.7 ± 0.14 5.7 ± 0.08

Total VFA, mM/L 106.1 ± 5.19a 92.8 ± 4.34b 90.5 ± 4.15b

C2, molar %2 56.1 ± 1.71 58.9 ± 2.24 56.9 ± 1.07

C3, molar % 21.5 ± 2.14 21.1 ± 1.72 21.1 ± 1.85

i-C4, molar % 1.5 ± 0.06 1.6 ± 0.11 1.5 ± 0.14

C4, molar % 16.0 ± 2.71 13.8 ± 1.68 15.0 ± 1.14

i-C5, molar % 2.1 ± 0.20 2.0 ± 0.24 1.6 ± 0.25

C5, molar % 2.9 ± 0.32 2.7 ± 0.22 2.8 ± 0.36

C2/C3 2.61 ± 0.09 2.65 ± 0.13 2.69 ± 0.11

1Values are Mean ± SEM. 
2Acetate, propionate, iso-butyrate, butyrate, iso-valerate, and valerate are abbreviated as: C2, C3, i-C4, C4, i-C5, and C5, respectively.
a-bMeans within a row with different letters are different (p<0.05).
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Table 8. Effect of dietary Forsythia suspensa on immune 
responses in Korean native goats1.

Items Forsythia suspensa addition, %

0 0.25 0.5

IgA, mg/mL 0.19 ± 0.041 0.19 ± 0.03 0.22 ± 0.04

IgM, mg/mL 0.99 ± 0.16 1.02 ± 0.19 0.94 ± 0.16

IgG, mg/mL 16.21 ± 0.77b 18.72 ± 0.78a 18.88 ± 0.86a

1Values are Mean ± SEM. 
abMeans with different superscript letters within each column are significantly 
different (p<0.05).

Discussion

The main purpose of this study was to determine 
whether supplementation of either 0.25% or 0.50% 
F. suspensa alters total tract apparent digestibility, 
rumen fermentation, and immune response in Korean 
native goats. There are increasing concerns associated 
with the use of antimicrobial compounds in animal 
feed due to possible transfer of antibiotic resistance to 
humans. F. suspensa has been proposed as a possible 
alternative to antimicrobial compounds along with 
other plant extracts. 

No dietary effects were observed on feed intake, 
water consumption, urine, or feces excretion in the 
current study. This indicates that F. suspensa odor does 
not affect diet palatability. According to Devendra and 
Burns (1983), feed intake by goats varies from 1.7% 
to 4.8% of the body weight, depending on the breed, 
which is in agreement with our result. In addition, 
there were no effects of dietary treatments on water 
or dry matter intake. According to Silanikove (1992), 
water intake is closely related to DM intake. There 
was no significant difference in urine or feces output, 
and this appears to be due to intake of feed and water. 

No significant differences were found on 
digestibility of dry matter, crude protein, crude fat, 
NDF, or ADF in response to dietary supplementation 
of F. suspensa. There is limited evidence showing a 
relationship between F. suspensa supplementation 
and total tract apparent nutrient digestibility in 
ruminants. However, F. suspensa triterpenes may 
affect nutrient digestibility. Although Pen et al. 
(2007) reported that supplementation of Yucca 
schidigera or Quillaja saponaria extracts containing 

triterpenes did not alter total tract apparent nutrient 
digestibility, it decreased upon supplementation 
of an extract containing triterpene (Holtshausen et 
al., 2009). On the other hand, high fiber and lignin 
contents in the plant extract are known to affect total 
tract apparent nutrient digestibility in ruminants. For 
example, Mekasha et al. (2002) reported that high 
fiber and lignin diets decrease nutrient digestibility. 
However, despite the high lignin in F. suspensa 
(24.1%), F. suspensa supplementation up to 0.5% did 
not affect total tract apparent nutrient digestibility in 
this study. 

No effects of F. suspensa addition were observed 
on total nitrogen intake, discharged nitrogen through 
feces and urine, or nitrogen retention. Rumen 
ammonia concentration was reduced and nitrogen 
retention rate was increased by intra-ruminal 
supplementation of 60 g Yucca schidigera extract 
(Hristov et al., 1999) or 120 ppm Yucca schidigera 
extract containing a triterpene (Santoso et al., 2004). 
Santoso et al. (2007) also reported that triterpene 
saponin decreases nitrogen excreted through urine. 
However, F. suspensa containing triterpene did not 
affect nitrogen retention in this study, indicating that 
F. suspensa does not have the ability to alter nitrogen 
metabolism in the rumen.

According to Wang et al. (2009b), increases 
feed ration concentration dramatically increased 
VFA production and decreases ruminal pH. When 
VFA production exceeds VFA absorption rate into 
the rumen wall, ruminal pH decreases sharply, 
causing acidosis. Therefore, ruminal pH and VFA 
concentration were measured to examine whether 
F. suspensa has any effect on VFA metabolism. 
Total VFA production decreased significantly with 
F. suspensa supplementation, while no changes in 
the proportion of acetic and propionic acids were 
observed. This could be due to the strong antibacterial 
activity of phillyrin, a main component of F. suspensa 
extract. Similar results were demonstrated by Pen 
et al. (2006) who reported that Yucca schidigera 
or Quillaja saponaria supplementation decreased 
protozoa, resulting in total VFA reduction, while 
there was no difference in acetic:propionic acid 
ratio. Therefore, it is conceived that F. suspensa 
supplementation can affect the rate of carbohydrate 
fermentation in the rumen.
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No significant differences were detected in most 
blood parameters, regardless of the addition of F. 
suspensa to ruminant diets (Table 8). However, ALP 
increased significantly in goats fed 0.25% F. suspensa. 
According to Kaneko et al. (1989), ALP is an indirect 
indicator for liver, gall bladder and bone diseases. 
It is present in liver, bone, intestine, placenta, and 
kidney as an enzyme; the main cause of its increase 
is hepatic cell damage due to infiltration. ALP level 
is generally high in animals on liver fluke medication 
or growing animals. As ALP level in the present study 
remained within the normal range of 27 to 387 IU/L, 
it may have had no effect. Generally, Ca increases 
because of hyperparathyroidism, excessive vitamin 
D, multiple myeloma, acidosis, or plant intoxications. 
However, there was no significant effect on Ca level 
in the present study. These results indicate there is no 
negative effect on blood parameters associated with 
the dietary addition of F. suspensa extract to ruminants.

Plasma IgA and IgM were not affected by 
the F. suspensa addition. However, plasma IgG 
concentration was significantly increased in goats 
fed 0.25% or 0.50% F. suspensa compared with 
goats fed the control diet. According to Bose (2000) 
and Woof and Kerr (2006), immunoglobulins play 
key roles in immune protection against bacteria and 
viruses. Although disease-challenge studies would be 
needed, this result indicates that supplementation of 
F. suspensa may have immune-modulatory effects in 
goats and possibly in other ruminants.

In conclusion, 0.25% or 0.5% F. suspensa 
supplementation significantly decreased total VFA 
concentrations and increased plasma IgG in Korean 
native goats. 
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