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นางสาวโงว  ถิ  มิน  ซึง : การใช้หญา้เนเปียร์สีม่วงหมกัเป็นแหล่งแอนโทไซยานินในอาหาร
แพะระยะก าลงัเจริญเติบโต (UTILLIZATION OF ANTHOCYANIN RICH NAPIER 
GRASS SILAGE ON GROWING GOAT DIETS) อาจารยท์ี่ปรึกษา :  
รองศาสตราจารย ์ดร. ปราโมทย ์ แพงค า, 139 หนา้. 
 

  วตัถุประสงค์ของการศึกษาคร้ังน้ีคือ (1) เพ่ือประเมินผลกระทบของกากน ้ าตาลและไอรอน
ซลัเฟต (FeSO4) ต่อคุณภาพของหญา้หมกั องค์ประกอบของโภชนะ และกระบวนการหมกัในหลอด
ทดลอง ความสามารถในการย่อยสลายของแอนโทไซยานินของหญา้เนเปียร์หมกัที่มีสารแอนโทไซยานิน 
(2) เพื่อศึกษาผลของหญา้เนเปียร์ที่อุดมไปดว้ยแอนโทไซยานินที่มีเปอร์เซ็นต์ของกากน ้ าตาล และ 
FeSO4 ที่เหมาะสมต่อสมรรถนะการเจริญเติบโต, จุลินทรีย์ในกระเพาะหมัก และการย่อยได้ของ
โภชนะของแพะในระยะก าลงัเจริญเติบโต และ (3)  เพื่อตรวจสอบผลของหญา้เนปียร์หมกัที่อุดมไป
ด้วยแอนโทไซยานิน ที่ได้รับกากน ้ าตาลและ FeSO4 ต่อการต้านอนุมูลอิสระ และกิจกรรมของ
เอนไซม์ในการตา้นอนุมูลอิสระในพลาสมาของแพะในระยะก าลงัเจริญเติบโต และแพะที่ติดพยาธิ 
Haemonchus contortus ตามธรรมชาติ ในการศึกษาคร้ังน้ีมีการทดลองทั้งหมด 3 การทดลอง 
 การทดลองที่ 1 ศึกษาในหลอดทดลอง พบว่าผลของการเติมกากน ้ าตาล และ FeSO4 ใน
ปริมาณที่แตกต่างกันของหญ้าเนเปียร์หมักที่อุดมไปดว้ยแอนโทไซยานิน หลงัจากหมัก และเก็บ
รักษา 21 วนั  การทดลองใช้การออกแบบการทดลอง แบบแฟคทอเรียลที่สุ่มแบบ (CRD)  3x3  
(ปัจจัย A คือกากน ้ าตาล (M) และปัจจัย B คือ FeSO4 (Fe)) นอกจากน้ี กากน ้ าตาล และ FeSO4 ยงั
ส่งผลต่อค่า pH lactate butyrate ammonia-N DM CP EE NDF ADF สารประกอบฟีโนลิก  คอน -
เดนซ์แทนนิน ค่า DPPH และปริมาณแอนโทไซยานิน  มีความแตกต่างกนัอย่างมีนัยส าคญัทางสถิติ 
(P<0.05) การหมกัดว้ยกากน ้ าตาล 4%  และไอรอนซัลเฟต 0.03% พบว่ามีค่าแอนโทไซยานินที่ดีที่สุด 
คุณภาพการหมักและองค์ประกอบสารอาหารเมื่อเทียบกับการหมักในรูปแบบอื่นๆ ในส่วนของ
วิธีการทดลองแบบประเมินการผลิตแก๊ส (gas production) พบว่าหญา้เนเปียร์หมกัที่มีสารแอนโทไซยานิน 
กบัสารเสริม มีปริมาณกรดโพรพิโอนิก กรดไขมนัที่ระเหยไดร้วม และ Streptococcus bovis เพ่ิมขึ้น
อยา่งมีนัยส าคญัทางสถิติ (P<0.05) แต่พบว่าค่า pH อตัราส่วนกรดอะซิติกต่อโพรพิโอนิก (C2/C/3)  
แบคทีเรียกลุ่มที่ผลิตมีเทนมีค่าลดลง และแอนโทไซยานินในกระเพาะรูเมน มีความเสถียรหลงัจาก
บ่มที่ 24 ชัว่โมง 
 การทดลองคร้ังที่ 2 ใช้ชุดการทดลองแบบการสุ่มแบบสมบูรณ์ (CRD) โดยใช้ทรีตเมนต์ 3 
ชนิด ไดแ้ก่ หญา้เนเปียร์หมกั (T1) หญา้เนเปียร์หมกัที่มีสารแอนโทไซยานินโดยไม่มีสารเสริม (T2) 
และเสริมกากน ้าตาล 4%+FeSO4 0.03% (T3) ใช้แพะเน้ือลูกผสมพันธ์ุแองโกลนูเบียน 18 ตัว 
(น ้ าหนักเฉลี่ย 14.4±0.6 กิโลกรัม) แบ่งออกเป็น 6 กลุ่ม  ใชแ้พะกลุ่มละ 6 ตวั แพะแต่ละตวัจะไดรั้บ

 
 



                                                                                                                                                       II 

อาหารทดลอง ผลการทดลองพบว่าการเพ่ิมขึ้นของโปรตีน ADF ปริมาณการกินไดข้องแอนโทไซยานิน 
สัดส่วนโพรพิโอเนต อตัราส่วน C2/C3 กรดไขมนัระเหยไดร้วม จ านวนแบคทีเรีย S. bovis การย่อย
ไดข้องไนโตรเจน การกกัเก็บไนโตรเจน การเพ่ิมขึ้นของน ้ าหนักตวัเฉลี่ยต่อวนั และน ้าหนกัตวัของ
แพะกลุ่มที่ไดรั้บอาหารในทรีตเมนตท์ี่ 3  
 การทดลองที่ 3 ใชอ้าหารสูตร 3 ชนิดเดียวกนักบัการทดลองที่สอง ใชแ้พะเน้ือลูกผสมพนัธ์ุ
พ้ืนเมืองและแองโกลนูเบียน จ านวน 18 ตัว (น ้ าหนักเฉลี่ย 23.8±2.4 กิโลกรัม) สุ่มเลือกเพื่อที่จะให้
อาหารทดลอง  ผลการทดลองคลา้ยกบัการทดลองที่สอง แพะที่ไดรั้บอาหารในทรีตเมนต์ที่ 3 พบว่า
ลดกิจกรรมการท างานของ non-enzymatic (Total Antioxidant Capacity, TAC) เอนไซม์ Superoxide 
Dismutase (SOD) และการเกิด lipid peroxidation ในพลาสมาของแพะระยะก าลังเจริญเติบโต และ
แพะที่ติดพยาธิ H. contortus ตามธรรมชาติ แต่สามารถส่งเสริมกิจกรรมการท างานของแคตตาเลส 
(CAT) กลูตาไธโอน (Glutathione, GSH) และกลูตาไธโอนเอสทรานเฟอเรส (Glutathione -S- 
transferase, GST) นอกจากน้ีการทดลองที่ 3 พบว่ามีค่า เม็ดเลือดแดง และค่าฮีมา -โตคริท 
(Hematocrit) สูง และมีค่าเม็ดเลือดขาวต ่า  อยา่งไรก็ตาม จ านวนไข่พยาธิลดลงในแพะที่ไดรั้บหญา้เน
เปียร์หมกัที่มีสารแอนโทไซยานินกบัการเติมกากน ้ าตาล และ FeSO4 ร่วมดว้ย ผลการทดลองแสดง
ให้เห็นว่าสามารถใช้หญ้าเนเปียร์หมักที่มีส่วนผสมของแอนโทไซยานินร่วมกับสารเติมเสริมใน
อาหาร สามารถปรับปรุงสมรรถภาพการผลิตและลดความเครียดของแพะได ้
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The objectives of this study were (1) to evaluate the effect of molasses and FeSO4 

on silage fermentation nutrient components in vitro ruminal fermentation anthocyanin 

degradability of anthocyanin-rich Napier grass silage (2) to study the effect of 

anthocyanin-rich Napier grass silage with the suitable percentage of molasses and FeSO4 

on growth performance rumen fermentation microorganism and nutrient digestibility of 

growing goat and (3) to examine the effect of Anthocyanin rich Napier grass silage treated 

with molasses and FeSO4 on oxidative status and antioxidant enzyme activities in plasma 

of the growing goat and naturally Haemonchus contortus infected goat. Three experiments 

were conducted in this study. The first experiment in vitro observed the effect of the 

addition of different levels of molasses and FeSO4 on anthocyanin-rich Napier grass silage 

(ARNGS) after ensiling twenty-one days. The experiment used a 3 x 3 Factorial design in 

Completely Randomized Design (factor A is molasses (M) and factor B is FeSO4 (Fe)). 

Additionally, M and F affected the pH, lactate, butyrate, ammonia-nitrogen, dry matter, 

crude protein (CP), ether extract, neutral detergent fiber, acid detergent fiber (ADF), total 

phenolic compound, condensed tannin, DPPH value and anthocyanin content (P<0.05). 

Treatment with 4% M and 0.03% F (additive) showed the best value of anthocyanin 

content, silage fermentation quality and nutrient composition as compared to other 

treatments. In the gas production technique, ARNGS with additive showed a significant 
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increase in gas volume, propionic acid (C3), total volatile fatty acids (TVFAs), and the 

number of Streptococcus bovis but a decrease in pH value, acetic acid, acetate/propionate 

(C2/C3) ratio, Methanogen bacteria. Anthocyanin was stable in the rumen fluid after 24 

hours of incubation. The second experiment used a Completely Randomized Design with 

three treatments including Napier grass silage (T1) anthocyanin-rich Napier grass silage 

without additive (T2) and with additive M4%-F0.03% (T3). Eighteen crossbred Thai 

native x Anglo-Nubian meat goats (average BW 14.42±0.6 kg) were divided into three 

groups of six goats each to receive the experimental diet. The results showed a significant 

(P<0.05) increase in CP, ADF, anthocyanin intake, C3 proportion, C2/C3 ratio, TVFAs, 

number of S. bovis bacteria, nitrogen digestibility, nitrogen retention, average daily gain, 

and body weight of the goats fed treatment T3. The third experiment used three similar 

diets to the second experiment on eighteen crossbred Thai native x Anglo-Nubian goats 

(average BW 23.78±2.4kg) randomly selected to feed on one of treatment diets. Similar 

results were found in the second and third experiments: treatment T3 reduced activity of 

total antioxidant capacity, superoxide dismutase enzyme and lipid peroxidation in the 

plasma of growing goats and the naturally H. contortus infected goats but enhanced the 

activity of catalase, glutathione, and glutathione-s-transferase antioxidant enzymes. 

Additionally, the third experiment found a high value of red blood cell and hematocrit and 

a low value of white blood cell; however, the fecal egg count was reduced in the goats that 

received the treatment ARNGS with additive.  
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CHAPTER I 

INTRODUCTION 

 

1.1  Rationale of the study  

Anthocyanins is glycosides of anthocyanidin which is synthesized via the 

flavonoid biosynthetic pathway in plants (Dixon et al., 2013). They are a strong 

natural antioxidant compound appear in the colored plant as a feed source for the 

animal such as purple corn, purple grass, and purple rice. They play a definite role in 

the attraction of animals for pollination and seed dispersal, and hence they are of 

considerable value in the co-evolution of these plant-animal interactions (Kong et al., 

2003). Anthocyanin and 3-deoxy anthocyanidins have roles in flowering plants other 

than as attractants. They can act as antioxidants, phytoalexins or as antibacterial agents 

and have more result on in vitro fermentation (LeatherWood et al., 2014), increasing 

the aspartate aminotransferase (AST) activity and superoxide dismutase (SOD) 

activity in the plasma of lactating dairy cows (Hosada et al., 2012a), improving the 

plasma activity of SOD-an important antioxidant enzyme in sheep (Hosada et al., 

2012b). Digestion and metabolism of anthocyanin were shown clearly by studies on 

rat and human, in contrast, in ruminant there is very little research on digestion and 

metabolism of anthocyanin from feed to blood plasma. 

Anthocyanin-rich Napier grass is a native cultivate of Napier grass in Thailand, 

their feature are leaves and stems in purple color from anthocyanin which protect plant 

cell from UV radiation, oxidative stress from environmental pathogen and herbivores 

 



2 

 

(Lev-Yadun et al., 2009). Napier grass grows in tropical and sub-tropical regions with 

a wide range of annual moisture from 750 to 2,500 mm rainfall (Skerman and Riveros, 

1990) and has high production and short cutting cycle (Nyambati et al., 2010).  

Ensiling is the simple method to keep forage in a long time as a feed for small 

ruminant for centuries. The main key of good fermentation processing is the level of 

water soluble carbohydrate (WSC) and the number of epiphytic lactic acid bacteria 

(LAB) attachment in grass but Napier grass is low in these values (Ohmomo et al., 

2002; Yahaya et al., 2004). In addition, Anthocyanin-rich feedstuffs were easy to lost 

anthocyanin in ensiling progress (Song et al., 2012) and anthocyanin are only stable 

when pH in silage lower than 4 (Hosada et al., 2009). Therefore, to obtain the high 

quality silage, many additives have been used during the time ensiling (Melkamu et 

al., 2014) and sugar is a limiting factor in silage fermentation (Seale et al., 1986). 

Molasses was used in silage to made fermentation quickly by decreasing the pH value 

and providing the energy source for lactic bacteria (Pipat et al., 2011). Besides, Iron 

(Fe) is an essential component of several cytochromes and iron-sulfur proteins 

involved in the electron transport chain and several important biological processes 

(Ganz and Nemeth, 2006). The level of FeSO4 at 0.03%/DM was reported no effect on 

the performance and meat characteristics of lamp (Abdelrahim et al., 2012). Addition 

FeSO4 in silage under fermentation, Fe
2+

 were received electron transfer to Fe
3+

 by 

lactic bacteria (Scheers et al., 2016), then Fe
3+

 combine with anthocyanidin to form 

Metallo-anthocyanin compound (Yoshida et al., 2009, Scheers et al., 2016). Thus, 

using molasses and FeSO4 in silage can improve the fermentation and enhance the 

anthocyanin value.  
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In small ruminant, oxidative stress is a negative imbalance between 

antioxidants and free radicals from high concentrations of a by-product of Reactive 

oxygen species (ROS) in physiological processes of biological systems (Betteridge, 

2000). There are many factors including mastitis, reproductive disorders, parasitic 

infections, metabolic changes mediated by ROMs (reactive oxygen metabolites, milk 

production, heat - stress), feed quality, imbalance nutrient, and management which 

make oxidative stress in the small ruminant (Celi, 2010, Celi, 2011 and Celi et al., 

2015). Parasitic diseases seem to be a causative source of oxidative stress, indeed, 

several studies have reported on the presence of oxidative stress in small ruminant 

infected with parasites (Esmaeilnejad et al., 2012a, Esmaeilnejad et al., 2012b, 

Angulo-Valadez et al., 2011, Dey et al., 2010) as well as the antioxidant defense 

mechanism that exists between parasites and the mammalian host. Haemonchus 

Conturtus (Barber pole worm) is the most popular gastro-intestine nematode in goat. 

Anemia, low packed cell volume (PCV), diarrhea, dehydration, peripheral, and 

internal fluid accumulation are common signs of barber pole worm infestation. 

Infested goats have lower growth rates, markedly reduced reproductive performance, 

and have higher rates of illness and death. This parasite compete with their host for 

nutrients and destroy tissues of the host in gastro-intestine as they migrate. This 

damage cause the metabolic changes and oxidative stress for animal (Andrew et al., 

2010).  

From these reasons, Anthocyanin rich-Napier grass can be used as a source of 

anthocyanin for goat and the additive is mixed in silage necessary to improve the 

silage fermentation and the level of anthocyanin. This study was conducted to evaluate 

the effect of different level of molasses and FeSO4 in Anthocyanin rich-Napier grass 
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silage on the anthocyanin value and silage fermentation quality after 21 days ensiling, 

to exam the effect of the Anthocyanin rich-Napier grass silage with the best 

percentage of molasses and FeSO4 on growing goat performance and measure 

antioxidant status in the plasma of the growing goat  and the naturally Haemonchus 

contortus infected goat. 

 

1.2  Research objectives  

1.2.1  To evaluate the effect of molasses and FeSO4 on silage fermentation, 

chemical composition, in vitro ruminal fermentation, anthocyanin degradability of 

Anthocyanin-rich Napier Grass silage. 

1.2.2  To examine the effect of Anthocyanin-rich Napier Grass silage with the 

4 % molasses and 0.03 % FeSO4: 

On performance, rumen fermentation, microorganism, and nutrient digestibility 

of growing goat.  

On oxidation status and antioxidant enzyme activities in plasma of growing 

goat and the naturally Haemonchus contortus infected goat. 

 

1.3  Research hypothesis 

Molasses and FeSO4 have an effect on silage fermentation, nutrient 

components, in vitro ruminal fermentation, nutrient degradability, anthocyanin 

stability and degradability of Anthocyanin-rich Napier Grass silage. 

Anthocyanin-rich Napier Grass silage with 4 % molasses and 0.03 % FeSO4. 

-  To improve performance, rumen fermentation, microorganism, nutrient 

digestibility and meat quality of growing goat. 
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-   To enhance the oxidation status and antioxidant enzyme activities in 

growing goat plasma. 

-   To improve the oxidation status and antioxidant enzyme activities in plasma 

of the naturally Haemonchus contortus infected goat. 

 

1.4  Scope and limitation of the study 

This study focused only on: 

- Anthocyanin-rich Napier Grass (Pennisetum Purpurreum) was planted in 

SUT farm on the rainy season, were used to make silage at 120 days. The crossed 

(Thai x Anglo Nubian) goats were used in these experiments. 

-   Effect of molasses and FeSO4 on silage fermentation, nutrient components, 

in vitro ruminal fermentation, and degradability of Anthocyanin-rich Napier Grass 

silage 

-   Effect of Anthocyanin-rich Napier Grass silage with 4% molasses and 0.03% 

FeSO4 on rumen fermentation, microorganism, nutrient digestibility, oxidative status 

and antioxidant enzyme activity in growing goat plasma. 

-   Effect of Anthocyanin-rich Napier Grass silage with 4% molasses and 0.03% 

FeSO4 on oxidation status and antioxidant enzyme activity in plasma of naturally 

Haemonchus contortus infected growing goat. 

 

1.5  Expected results 

According to this research procedures, it could be obtained for expected 

benefits as following: 
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-  Anthocyanin rich-Napier grass silage composition and Characteristics of 

anthocyanin in Anthocyanin - rich Napier grass silage. 

-   To apply the best percentage of molasses and FeSO4 in maintaining the high 

level of anthocyanin and good fermentation in silage. 

-   Anthocyanin in Anthocyanin rich-Napier silage improve goat performance, 

oxidative stress, and antioxidant activity in goat.  

-  To encourage farmer use Anthocyanin-rich Napier silage for goat as a 

source of antioxidant. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1  Oxidative stress in goat  

Oxidative stress was defined by an imbalance between the production of 

reactive oxygen species (free radicals) and antioxidant defenses which damage the 

tissue (Betteridge, 2000). Free radicals are chemical species that contain unpaired 

electrons which were produced by increasing the chemical activity of an atom or 

molecule (Betteridge, 2000).  Several different biochemical processes within the body 

including aerobic respiration yielding superoxide and hydroxyl radicals (reduction of 

molecular oxygen); the chemistry by-products as oxidation, activation catecholamines, 

and arachidonic cascade acid to produce electrons, which can neutralize molecular 

oxygen to superoxide (Betteridge, 2000). In addition, the response of the cell to 

external electromagnetic radiation can be produced by free radicals, such as gamma 

rays can split water to produce hydroxyl radical. The common free radicals are the 

hydroxyl radical (OH
-
), superoxide anion (O

2-
), transition metals such as iron and 

copper, nitric oxide (NO
-
), and peroxynitrite (ONOO

-
) (Betteridge, 2000). In small 

ruminant, oxidative stress is an interesting field of research in veterinary medicine 

generally, as new as in feed nutrition which the animal receive every day and effect on 

their healthy state beside the diseases. The factors make oxidative stress in small 

ruminant including goat and sheep come from the internal and external ways.  
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2.1.1  Oxidative stress in goat physiology  

 It was detected differences in models and methods, which quantify 

oxidative stress mostly by direct or indirect measures the amount of oxidant and 

antioxidant (Celi, 2010). According to Miller et al. (1993a), oxidants are most of the 

abundant free radicals in biological systems are the oxygen-centered free radicals and 

their metabolites, which usually called as “reactive oxygen metabolites” (ROMs), the 

normal by-products from a cellular metabolism continuously. In low concentrations, 

they are presented as an essential chemical for several physiological processes, 

including protein phosphorylation, transcription factors activation, cell differentiation, 

apoptosis, oocyte maturation, steroidogenesis, cell immunity and cellular defenses 

against microorganisms (adapt to Celi, 2010). In contrast, when excessed producing, 

ROMs can harm cellular lipid, proteins, and DNA (Miller et al., 1993b; Sgorlon et al, 

2008). Plasma level of ROMs is considered an indicator of free radical production 

such as protein and lipid oxidation (Celi, 2010). Advanced oxidation protein products 

(AOPP) are terminal products of proteins exposed to free radicals and arise from the 

reaction between plasma proteins and chlorinated oxidants mediated by a neutrophil 

enzyme myeloperoxidase (adapt to Celi, 2010). Lipid, which is polyunsaturated 

particularly, are prone to oxidation. Georgieva (2005) indicated that lipids were one of 

the most susceptible substrates to free radicals damage and biomarkers of lipid 

peroxidation were considered the best indicators of oxidative stress. The method to 

measure lipid oxidation by using the reaction of Malondialdehyde (MDA) with 

thiobarbituric acid, which produces red pigment can be detected by spectrophotometry 

in the form of thiobarbituric acid reactive substances (TBARS) (Janero, 1990). 

Antioxidants were divided into three major groups including enzymatic antioxidants 
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such as superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px); albumin; 

non-enzymatic low-molecular-weight antioxidants such as glutathione, α-tocopherol, 

β-carotene, and uric acid (Halliwell & Gutteridge, 1989).  

2.1.2  Oxidative stress in goat health 

 Mastitis is the popular disease of dairy animals because the 

inflammatory reaction is caused by bacterial infection (Agarwal et al., 2005). Several 

inflammation damages the mammary secretory epithelium and cytotoxic radicals and 

pro-inflammatory cytokines are released by the phagocytic cells (Knaapen et al., 

1999). Oxidative stress indicator in mastitis is reactive nitrogen intermediates, which 

were important radicals that play a complex role in the inflammatory process (Goff et 

al., 1996). Reproductive disorders are another factor made by oxidative stress in goat 

health. The evidence in human medicine show the effects of oxidative stress in the 

female reproduction (Agarwal et al., 2005) as well as in dairy ruminant. ROMs 

affected on physiological functions of the reproductive tract (Celi, 2010), which 

present in some pathological conditions including retained placenta, udder edema, and 

mastitis. 

Parasitic infections seemed to be a causative source of oxidative stress, indeed, 

many studies have reported on the presence of oxidative stress in goat infected with 

parasites (Sengupta and Basu, 2008; Esmaeilnejad et al., 2012a, b; Kucukkurt et al., 

2014) as well as the antioxidant defense mechanism that exists between parasites and 

the host animal (El-Deeb and Younis, 2009; Kucukkurt et al., 2014; Dey et al., 2010; 

Turrens, 2004). 

2.1.3  Oxidative stress in goat metabolism and production 

Celi (2010) indicated that metabolic changes were mediated by  ROMs.  
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damaged of animal performance by ROMs might be involved altered metabolism of 

anabolic and catabolic processes (Dröge, 2002). In dairy ruminant, increasing nutrient 

metabolism during the periparturient period of dairy animal has been made oxidative 

stress for them (Miller et al., 1993) as well as inducing metabolic stress in pregnancy 

and lactation (Drackley, 1999). 

In the post-partum period, negative energy balance is the direct factor effect on 

oxidative stress of dairy ruminant as energy demands outstrip energy intake 

(Ingvartsen and Andersen, 2000). The changing of body condition at calving, milk 

yield and feed intake of dairy ruminant were affected by oxidative stress (Bernabucci 

et al., 2005). Therefore, Pedernera et al (2009) reported that medium and high energy 

balance diet and milk yield categories were the evidence investigate the relationship 

with oxidative stress. 

 

2.2  Effect of parasite infection on antioxidant status and oxidative 

stress in goat and sheep  

2.2.1  Blood parameter 

 Red blood cell or erythrocyte is the important cell in the body, which 

carry oxygen to the cell by hemoglobin, one type of protein contain iron. Red blood 

cell count (RBC) is the important parameter that shows the health state of the animal. 

Packed cell volume (PVC) measures the percentage of blood cell into total blood 

volume including red blood cell and plasma (Angulo-Valadez et al., 2011). 
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Table 2.1  Red blood cell count (RBC) and packed cell volume (PCV) in the healthy 

and infected goat and sheep. 

Parasite 

type 

Animal 

RBC, x10
12

/L PCV % 

Author 

Healthy Infected Healthy Infected 

Babesia 

ovis 
Goat 6.79

a
 5.58

b
 37

a
 30

b
 

Esmaeilnejad et 

al., 2012a 

Babesia 

ovis 

Sheep 

(<1%) 
8.64

a
 6.84

b
 29

a
 25

b
 

Esmaeilnejad et 

al., 2012b 

Sheep (1-

2%) 

 

5.14
b
 

 

22
b
 

Sheep (2-

3%) 

 

3.5
b
 

 

19
b
 

Sheep 

(>3%) 

 

2.52
b
 

 

11
b
 

Oestrus 

ovis 
Goat  

 
12.87

a
 8.68

b
 

Angulo-

Valadez et al., 

2011 

 

 

Sarcoptic 

mange 
Goat 9.55

a
  6.78

b
  28.06

a
 20.27

b
 Dey et al., 2010 

a, b
 mean in the same row with different superscripts are significantly different (p<0.05). 

 

Hematocrit (HCT) is another method to evaluate the volume of red blood cell 

by calculating from red blood cell count and mean cell volume while PVC directly 

measures the value. Hemoglobin (Hb) value show the number of red iron protein in 

red blood cell. This parameter presents the capacity of red blood cell to bind with 

oxygen. Table 2.1 and 2.2 show the value of RBC, PCV, Hb, and HCT in the parasite-

infected goat lower than the healthy group. Parasites destroyed host cells where they 
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attached and damage to animal health. In addition, the animal infected in a long time 

with the parasite that made RBC, Hb and Hematocrit decreased showed a negative 

effect on small ruminant health. 

 

Table 2.2  Hemoglobin (Hb) concentration and Hematocrit (HCT) (%) in the healthy 

and infected goat and sheep. 

Parasite 

type 
Animal 

Hb g/dL HCT (%) 
Author 

Healthy Infected Healthy Infected 

Babesia ovis Goat 12.33
a
 10

b
   

Esmaeilnejad et 

al., 2012a 

 
 

Babesia ovis 

Sheep (<1%) 9.91
a
 8.61

b
 

 
 

Esmaeilnejad et 

al., 2012b 
Sheep (1-2%) 

 

7.56
b
 

 
 

Sheep (2-3%) 

 

6.62
b
 

 
 

Sheep (>3%) 

 

4.03
b
 

 
 

Haemonchus 

contortus 

Lamp 15d 

 
 

30.7
a
 28.5

b
 

Machadoa et al., 

2014 
Lamp 45d 

 
 

30.6
a
 22

b
 

Lamp 75d 

 
 

37.5
a
 24.8

b
 

Sarcoptic 

mange 
Goat 9.55

a
  6.35

b
    Dey et al., 2010 

    

a, b Mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

2.2.2  Antioxidant enzyme activity 

2.2.2.1  Total antioxidant capacity 

  From table 2.3, the data shows total antioxidant capacity 

(TAC) in infected small ruminant with Babesia ovis is lower than the healthy animal. 

This result focus that anemia parasite is very harmful because they decreased 

antioxidant status of the host animal. It seems that antioxidant mechanisms of 

erythrocytes that protect them against oxidative damage may be distributed by Babesia 

infection (Esmaeilnejad et al., 2012a, b; Kucukkurt et al., 2014). In table 2.3, 

Haemochus contortus increase FRAP in infected lamp after 75 days infection. 
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Infection by Haemochus contortus caused injury or cell death, due to a decrease in 

TAC in the serum, confirmed by histological examination of the abomasum by 

inflammatory infiltrate. 

 

Table 2.3 Total antioxidant capacity (TAC) and ferric reducing ability of plasma 

(FRAP) level in the healthy and infected goat and sheep. 

Parasite 

type 
Animal 

TAC (nmol/L) FRAP (μmol/L) 
Author 

Healthy Infected Healthy Infected 

Babesia ovis Goat 0.47
a
 0.36

b
   

Esmaeilnejad 

et al., 2012a 

  

Babesia ovis 

Sheep (<1%) 0.61
a
 0.57

b
 

  Esmaeilnejad 

et al., 2012b 

Sheep (1-2%) 
 

0.49
b
 

  Sheep (2-3%) 

 

0.38
b
 

  Sheep (>3%) 

 

0.21
b
 

  
Babesia ovis Goat 3.1

a
 1.56

b
  

  

Kucukkurt et 

al., 2014 

  
Haemonchus 

contortus 

Lamp 15d 

  

295.9 265.1 
Machado et 

al., 2014 
Lamp 45d 

  

298.6 262.6 

Lamp 75d     283
b
 339.2

a
 

a, b
 mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

2.2.2.2  Lipid peroxidation 

 According to Bagshani et al. (2011), in the cells of hosts 

infected with parasites, the value of reactive oxygen species (ROS) were increased, 

thereby causing cell and tissue damage. ROS induce the oxidation of polyunsaturated 

fatty acids in biological systems and lead to the formation of lipid peroxidation (LP) 

products (Dey et al., 2010). Lipid peroxidation used ROS biomarkers, which is MDA 

detect several from products of LP (Serarslan et al., 2005). In table 2.4, Babesia 

infection increased blood MDA levels in sheep (Esmaeilnejad et al., 2012b), the same 

results in goat infected with Babesia bigemina (Esmaeilnejad et al., 2012a; Kucukkurt 
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et al., 2014). With Theileriosis and Dicrocoelium dendriticum parasite infected sheep, 

the value of MDA is very highly significant as similar as the infected goat (Bagshani 

et al., 2011; Dey et al., 2010; Simsek et al., 2006). We concluded that MDA can be 

used as an indicator of oxidative stress in the parasite-infected animal. 

 

Table 2.4  Malondialdehyde (MDA) level in the healthy and infected goat and sheep. 

Parasite type Animal 
MDA (nmol/g Hb) 

Author 
Healthy Infected 

Babesia ovis Goat 8.1
b
 9.33

a
 

Esmaeilnejad 

et al., 2012a 

Babesia ovis 

Sheep (<1%) 6.78
b
 7.3

a
 

Esmaeilnejad 

et al., 2012b 

Sheep (1-2%) 

 

8.9
a
 

Sheep (2-3%) 

 

10.01
a
 

Sheep (>3%) 

 

11.37
a
 

Babesia ovis Goat 5.06
b 
 9.59

a 
 

Kucukkurt et 

al., 2014 

Theileriosis Sheep 98.8
b
 188.43

a
 

Bagshani et 

al., 2011 

Sarcoptic mange Goat 3.09
b
 4.1

a
 

Dey et al., 

2010 

Dicrocoelium 

Dendriticum 
Sheep 2.83

b
  4.1

a
  

Simsek et al., 

2006 

a, b
 mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

In addition, the study of Angulo-Valadez et al. (2011), the value of TBARS 

(one method to measure lipid peroxidation in erythrocytes) is not a significant 

difference in comparison two goat groups. But the level of lactate dehydrogenase 
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(LDH) is significant highly in lamp infected with Haemonchus contortus (Machado et 

al., 2014). As we known, LDH is an enzyme in the carbohydrate metabolism, 

increasing of this level expected that oxidative stress in animal (Machado et al., 2014). 

 

Table 2.5  Lipid peroxidation (TBARS) in erythrocytes and lactate dehydrogenase 

(LDH) level in plasma of healthy and infected goat and lamp. 

Parasite 

type 
Animal 

TBARS (nmol/mg 

protein) 
LDH (mg/dL) 

Author 

Control Infected Control Infected 

Oestrus ovis Goat 26.16 24.66 

  
Angulo-

Valadez et al., 

2011 

 

 

Haemonchus 

contortus 

Lamp 15d 

 
 

8.6 17.4 
Machado et 

al., 2014 
Lamp 45d 

 
 

9
b
 14.7

a
 

Lamp 75d     9.9
b
 15.9

a
 

a, b
 mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

2.2.2.3  Superoxide dismutase (SOD)  

 SOD is an enzyme convert O- to H2O2 and plays an important 

role in the process protect the cell from lipid peroxidation (Esmaeilnejad et al., 2012a 

& b). From table 2.6, most of parasite-infected animal show decrease of SOD value 

including erythrocytic SOD activity in Theileria infected sheep was significantly 

lower than the parasitologically free controls (Bagshani et al., 2011); similar findings 

had been reported in goat and sheep infected Babesia ovis (Esmaeilnejad et al., 2012a 

& b) in goat infected with Oestrus ovis; Gastrointestinal parasitism, and Pneumonia 

(Angulo-Valadez et al., 2011, Pilania et al., 2013). However, decreased SOD 
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antioxidant enzyme levels indicated that enhancing ROS production stimulate 

utilization of the antioxidant enzymes in the cell (Pilania et al., 2013). 

 

Table 2.6  Superoxide dismutase (SOD) level in the healthy and infected goat and 

sheep. 

Parasite type Animal 
SOD (U/mg Hb) 

Author 
Control Infected 

Babesia ovis Goat 8.01
a
 5.86

b
 

Esmaeilnejad 

et al., 2012a 

Babesia ovis 

Sheep (<1%) 10.17
a
 8.13

b
 

Esmaeilnejad 

et al., 2012b 

Sheep (1-2%) 

 

7.01
b
 

Sheep (2-3%) 

 

6.15
b
 

Sheep (>3%) 

 

5.43
b
 

Oestrus ovis Goat 3.85
a
  3.09

b 
 

Angulo-

Valadez et al., 

2011 

Gastrointestinal 

parasitism 
Goat 1.89

b
  9.02

a
  Pilania et al., 

2013 

Pneumonia Goat  12.11
a 
 

 
Theileriosis Sheep 1022.35

a 
 794.97

b
  

Bagshani et al., 

2011 

a, b
 mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

2.2.2.4  Catalase 

 Catalase is an antioxidant enzyme of erythrocytes catalyze 

H2O2 to H2O and O2. According to table 2.7, catalase levels were decreased in 

parasite-infected animal except for the study of Angulo-Valadez et al. (2011), which 
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show no changes in the CAT of Oestrus ovis infected goat as compare to control. Several 

studies on cattle, dog, and camels reported a significant increase in the activity of CAT in 

the animals were infected with Theileria, Babesia, and Trypanosoma (Asri-Rezaei and 

Dalir-Naghadeh, 2006; Chaudhuri et al., 2008; Saleh et al., 2009). However, Grewal et al. 

(2005) reported no changes in the CAT activity in Theileria infected cattle and in goat 

while Nazifi et al. (2011) reported a significant decrease in the CAT activity in the 

Theileria infected buffaloes and sheep, respectively. In summary, increase or decrease 

CAT value depend on the type and health state of the animal, but the general trend shows 

decreasing in CAT activity when the animal occurs in oxidative stress. 

 

Table 2.7  Catalase (CAT) level in the healthy and infected goat and sheep. 

Parasite type Animal 
CAT (katal/g Hb) 

Author 
Control Infected 

abesia ovis Goat 91.26
a
 69.96

b
 

Esmaeilnejad et 

al., 2012a 

Babesia ovis 

Sheep (<1%) 111.26
a
 104.7

b
 

Esmaeilnejad et 

al., 2012b 

Sheep (1-2%) 

 

93.26
b
 

Sheep (2-3%) 

 

63.26
b
 

Sheep (>3%) 

 

60.51
b
 

Oestrus ovis Goat 107.88  108.75  Angulo-Valadez et 

al., 2011 

Gastrointestinal 

parasitism 
Goat 1.83

b 
 4.34

a 
 

Pilania et al., 2013 

Pneumonia Goat  5.61
a 
 

 

Theileriosis Sheep 298.38
b
   378

a
   

Bagshani et al., 

2011 

a, b mean in the same row with different superscripts are significantly different 

(p<0.05). 
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2.2.2.5  Glutathione peroxidase (GSH-Px), Glutathione (GSH), and 

glutathione S-transferase (GST) 

 GSH enzyme is required for the disposal of H2O2 by the 

reaction catalyzed by GPx (Kucukkurt et al., 2014). GSH enzyme is one of the 

primary factors that permit lipid peroxidation. 

 

Table 2.8  Glutathione peroxidase (GSH-Px) level in the healthy and infected goat 

and sheep. 

Parasite type Animal 
GSH-Px (IU/mg Hb) 

Author 
Control Infected 

Babesia ovis Goat 74.25
a
 70.75

b
 

Esmaeilnejad et al., 

2012a 

Babesia ovis 

Sheep (<1%) 83.67
a
 80.5

b
 

Esmaeilnejad et al., 

2012b 

Sheep (1-

2%) 

 

75.12
b
 

Sheep (2-

3%) 

 

71.12
b
 

Sheep (>3%) 

 

68
b
 

Babesia ovis Goat 30.7
a
 19.53

b
  

Kucukkurt et al., 

2014 

Theileriosis Sheep 6.3
b 
 223.2

a
  Bagshani et al., 2011 

Sarcoptic 

mange 
Goat 0.24

a
  0.16

b 
 Dey et al., 2010 

a, b
 mean in the same row with different superscripts are significantly different (p<0.05). 

 

The significant reduction in GSH-Px, GSH, and GST in the infected animal 

was shown in table 2.8 and 2.9, respectively. The same results in line with the findings 
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of El-Deeb and Younis (2009), who reported a significant reduction in the levels of 

glutathione in Theileriosis annulata infected buffaloes compared with healthy 

buffaloes. We can found that trend in Babesiosis infected sheep (Bicek et al., 2005) 

and horse (Deger et al., 2009) and Trypanosomiasis in camel (Saleh et al., 2009). 

Those parasitic diseases can lead to significant reduction in GSH, GST, and GSH-Px 

levels by increasing the lipid peroxidation in erythrocyte. 

 

Table 2.9  Glutathione (GSH) and glutathione S-transferase (GST) level in the 

healthy and infected goat and sheep. 

Parasite 

type 
Animal 

GSH (μmol/g Hb) 
GST (U/mg 

protein) Author 

Control Infected Control Infected 

Oestrus 

ovis 
Goat   28.86

a
 21.23

b
 

Angulo-Valadez 

et al., 2011 

 
 

Theileriosis Sheep 6.3
a
 4.2

b
   Bagshani et al., 

2011     
a, b

 Mean in the same row with different superscripts are significantly different 

(p<0.05). 

 

2.3  Anthocyanins  

2.3.1  Introduction 

 Anthocyanins are a group of pigment present in most of the plant 

flowers, leaves, stem, seed covers, roots, fruits, and vegetables that visible to human 

eyesight. They are called flavonoids, belongs phenolic compound group and structure 

from glycoside of polyhydroxy, polymethoxy of 2-phenylbenzopyrylium or flavylium 

salt (Kong et al., 2003). There are many types of anthocyanins were classified by the 

number of hydroxyl, sugar group, aromatic acid and the position where they attached 

to the flavylium cation (figure 2.1). According to Kong et al. (2003), in the plant, there 
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is six commonly anthocyanins present in plants including cyanidin (Cy), delphinidin 

(Dp), Pelargonidin (Pg), Peonidin (Pn), Malvidin (Mv), and Petunidin (Pt). Only 

Cyanidin, Delphinidin, and pelargonidin distribute in most of higher plant (Yoshida et 

al., 2003).  

 

 
 

Figure 2.1  Structure of common anthocyanins and their aglycons. (adapt to Yoshida et al., 

2009). 

 

2.3.2  Anthocyanin in animal feedstuffs 

 Anthocyanin is widely present in various plant species used as 

feedstuffs for the animal (table 1). The most significant function of anthocyanin is 

their ability to impart color to the plants or plant products in which they occur (Kong 

et al., 2003). Anthocyanin may be important factors along with other flavonoids in the 

resistance of plants to insect attack (Harborne, 2001) by cyanidin 3-glucoside which 

was shown to protect cotton leaves against the tobacco budworm (Hedin et al., 1983). 

According to Hosada et al (2009, 2012 a, 2012b, 2012c), anthocyanin-rich corn and 
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purple rice silage are a source of natural antioxidant for ruminants with a high level of 

anthocyanin as compared to others feedstuffs. Besides, genetic science had opened a 

new door for the transgenic plant to improve the level of anthocyanin and nutrition 

(Jonker et al., 2010 and Wang et al., 2006) used as good feedstuffs for the animal. 

There are limited about the research about anthocyanin content in Anthocyanin-rich 

Napier grass or silage because this is a local breed of Napier grass in Thailand, they 

are quite different with the imported Napier grass have purple pigments such as Prince 

or Princess Napier grass. The local Anthocyanin-rich Napier grass characteristic by 

short, sharp leaf and strong, hard body with deep red-purple color, and the number of 

the leaf is less than Prince or Princess Napier grass. 

 

Table 2.10  Anthocyanin in animal feedstuffs. 

Feedstuffs Anthocyanins (%DM) Authors 

Anthocyanin-rich Corn (Zea mays L.) Silage 0.34 Hosoda et al, 2009 

Purple rice (Oryza sativa L.) silage  0.36 Hosoda et al, 2012b 

Rambler Lc-alfalfa 0.22 Jonker et al, 2010 

Rangelander Lc-alfalfa 0.14 Jonker et al, 2010 

Beaver Lc-alfalfa 0.23 Jonker et al, 2010 

Lc1-transgenic alfalfa from maize 0.114 Wang et al, 2006 

Lc2-transgenic alfalfa from maize 0.097 Wang et al, 2006 

Lc3-transgenic alfalfa from maize 0.102 Wang et al, 2006 

Lc4-transgenic alfalfa from maize 0.136 Wang et al, 2006 

Colored barley (4 months) 0.41 Song et al, 2012 

Colored barley (6 months) 0.418 Song et al, 2012 

Colored barley (12 months) 0.396 Song et al, 2012 

Hulled purple colored barley germplasms 0.35 Kim et al, 2007 

Unhulled black colored barley germplasms 0.085 Kim et al, 2007 

Unhulled blue colored barley germplasms 0.34 Kim et al, 2007 

Unhulled purple colored barley germplasms 0.313 Kim et al, 2007 

Homnil cultivar rice bran 0.24 Supaporn et al, 2014 

Rice berry cultivar rice bran 0.231 Supaporn et al, 2014 

Hommali dang cultivar rice bran 0.195 Supaporn et al, 2014 
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2.3.3  Anthocyanin stability 

 

Table 2.11  Changes in anthocyanin content according to drying method and time in 

colored barley (Song et al., 2013). 

Drying 

method 

Drying 

time 

(h) 

Anthocyanin content (mg/g) 

C3G P2G Del M3G Cya Pel Peo Mal Total 

 0 0.177
a
 0.037

a
 0.116

a
 0.558

a
 0.040 0.026 0.024 0.067 1.043

a
 

Sun-

dried 

4 0.156
b
 0.028

c
 0.096

c
 0.452

c
 0.035 0.024 0.023 0.062 0.877

c
 

8 0.152
b
 0.030

b
 0.093

d
 0.449

c
 0.036 0.025 0.021 0.061 0.866

c
 

24 0.155
b
 0.029

c
 0.092

d
 0.452

c
 0.036 0.026 0.021 0.060 0.871

c
 

32 0.146
c
 0.028

c
 0.092

d
 0.444

d
 0.035 0.024 0.021 0.061 0.847

d
 

Mean 0.152
B
 0.028

B
 0.093

B
 0.448

B
 0.035 0.025 0.022 0.061 0.865

B
 

Shade-

dried 

4 0.179
a
 0.032

ab
 0.117

a
 0.562

a
 0.040 0.027 0.022 0.060 1.039

a
 

8 0.173
a
 0.035

a
 0.109

a
 0.555

a
 0.037 0.026 0.020 0.061 1.016

a
 

24 0.170
a
 0.033

ab
 0.101

b
 0.509

b
 0.037 0.025 0.019 0.060 0.955

b
 

32 0.170
a
 0.031

b
 0.100

b
 0.493

b
 0.037 0.027 0.020 0.062 0.938

b
 

Mean 0.173
A
 0.033

A
 0.106

A
 0.522

A
 0.038 0.026 0.020 0.063 0.981

A
 

a-d
 mean in the same column with different superscripts are significantly different (p<0.05). 

C3G:cyanidin-3-glucoside, P3G:pelargonidin-3-glucoside, Del:delphinidin, M3G:malvidin3-O-

glucoside, Cya:cyanidin, Pel:pelargonidin, Peo: peonidin, Mal: malvidin. 

 

The stability of anthocyanin may become compromised when they are isolated 

and are thus extremely prone to degradation (Giusti & Wrolstad, 2001). Several 

factors contribute to the stability of anthocyanin including storage temperature, pH, 

concentration, light, chemical structure, oxygen, solvents, proteins, metallic ions, 

flavonoids, and presence of enzymes (Castaneda-Ovando et al., 2009). Cevallos-

Casals et al. (2004) studied the optimal pH for anthocyanin stable around 3, higher this 
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value, anthocyanin were degraded. Table 2.11 and 2.12 showed anthocyanin decrease 

quickly in sun-dried method and lost about 50 % after 2 months ensiling, respectively 

(Song et al., 2013; song et al., 2012). The same results in the research of Hosada et al. 

(2009) on anthocyanin-rich corn silage (figure 2.2). There are several strong pieces of 

evidence show that anthocyanin in feedstuff is very sensitive to light, pH, and 

temperature. In silage making, the time for fermentation and decrease pH is the main 

factor effect on losing anthocyanin. Improving and protecting anthocyanin in feedstuff 

is a new field to study in animal nutrition, which can provide the antioxidant for 

enhancing animal health to adapt to climate change.  

 

Table 2.12  Change in anthocyanin composition after ensiling of colored barley 

(Song et al., 2012). 

Month 

after 

ensiling 

(month) 

Anthocyanin content (mg/g) Total 

C3G P2G Del M3G Cya Pel Peo Mal 

0 0.194
a
 0.03

a
 0.060

a
 

0.543
a
 

0.027 0.01

7 

0.01

8 

0.02

9 

0.922
a
 

2 0.096
b
 0.028

b
 

0.041
b
 

0.229
b
 

- - - - 0.393
b
 

4 0.101
b
 0.028

b
 

0.042
b
 

0.239
b
 

- - - - 0.410
b
 

6 0.103
b
 0.029

b
 

0.042
b
 

0.244
b
 

- - - - 0.418
b
 

12 0.103
b
 0.028

b
 

0.040
b
 

0.217
b
 

- - - - 0.396
b
 

a,b
 Treatments with different letters are different at p<0.05. C3G: cyanidin-3-glucoside, 

P3G : pelargonidin-3-glucoside, Del : delphinidin, M3G : malvidin3-O-glucoside, Cya 

: cyanidin, Pel : pelargonidin, Peo : peonidin, Mal : malvidin. - : Non detected. 
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Figure 2.2  Change in anthocyanin content of anthocyanin-rich corn during ensilage. 

Data are displayed as mean with standard deviations. Anthocyanin 

(mg)/corn sample (g DM).* Asterisks show statistical difference from the 

level at day 0 (p<0.05). (Hosada et al., 2009). 

 

 

 

Figure 2.3  Changes in anthocyanin content (solid bar) and pH value (solid circle) in 

incubation tube during in vitro fermentation with ruminal fluid. Data are 

displayed as mean with standard deviations. ** Asterisks show statistical 

difference from the level at 0 h (p<0.01) (Hosada et al., 2009). 
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2.3.4  Digestion and Metabolism of Anthocyanin 

 In laboratory animal and mono-gastric, there is many researches about 

anthocyanin digestibility and metabolism.  The form of anthocyanin absorbance is 

mainly glycoside form and present in circulation quickly after 15-120 minutes belong 

to dose and source of anthocyanin supplement (McGhie et al., 2007). Anthocyanins 

can be absorbed directly in stomach and gut of digestive system. 

In ruminant, there are not many studies about anthocyanin digestibility in the 

rumen and can be absorbed in the rumen, which is the question up to now, there are 

only 3 studies were conducted in vitro incubation to measure digestion of anthocyanin 

in the rumen. Firstly, Hosada et al. (2009) reported that anthocyanin in anthocyanin-

rich corn silage was stable under rumen fermentation after 12 and 24 Hours. With the 

study of Song et al. (2012) conducted the time of incubation up to 48 hours but the 

results showed that no significant difference could be found in changing the amount of 

anthocyanin of colored barley silage in rumen fermentation. Two type of anthocyanin 

sources from two studies indicated that when anthocyanin in feedstuff substrate could 

not digest by the ruminal microbe, however, in the third study from Leatherwood 

(2014) presented that anthocyanin extract from purple-fleshed sweet potatoes 

degraded significantly after 24 hours incubation in rumen fluid. The different about 

the form of anthocyanin were incubated with rumen fluid suggested that relationship 

between the structure of anthocyanin in feedstuff and other chemical composition 

presents an effect on degradation of anthocyanin in rumen fermentation. The 

hypothesis is anthocyanin pass through the rumen without degrading, it mean they can 

be absorbed in abomasum and gut.  
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Figure 2.4  Changes in anthocyanin of colored barley content during in vitro ruminal 

digestion. a,b,c Treatments with different letters are different at p<0.05 

(Song et al., 2012). 

 

2.3.5  Effect of anthocyanin on rumen fermentation 

2.3.5.1  Gas production 

 In the study of Spanghero et al. (2009) about the effect of 

seeds and pulp of Californian (USA) and Italian grape pomaces on gas production 

(table 4). The pulp fraction of the gas production (GP) had a much higher rumen 

fermentability than seeds at the beginning of the incubation (after 4 h) because of the 

lower lignified fiber content and the possible presence of rapidly fermentable 

substrates in pulps. During and at the end of fermentation (after 24 and 48 h) pulps 

treatments had a higher gas production (from 40 to 50%) than seed treatments. 

Although anthocyanin content in seed was higher than pulp, a difference of 

anthocyanin structure can effect on gas production. We can conclude that the structure 

of anthocyanin effect on fermentation of rumen microbe. 
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Table 2.13  Effect of seeds and pulp of Californian (USA) and Italian grape pomaces 

on Gas production. 

Item 

Cultivars 

P value White 

Italy 

Red 

Italy 

Red 

Califonia 

Grape 

Seed 

Anthocyanin (mg/kg DM) 3 99 85 NS 

Gas volume (ml/0.2 g DM) 

    4 h incubation 5 5 5.5 NS 

24 h incubation 12.1 11.9 12.2 NS 

48 h incubation 17.8 18 19.2 NS 

 

Grape 

Pulp 

Anthocyanin (mg/kg DM) 6 44 34 NS 

Gas volume (ml/0.2 g DM) 

    4 h incubation 7.8
c
 9.2

b
 12.2

a
 <0.01 

24 h incubation 14.8
c
 16.6

b
 21.3

a
 <0.01 

48 h incubation 24.6
c
 26.3

b
 32.7

a
 <0.01 

a-d
 mean in the same column with different superscripts are significantly different 

(p<0.05)  

 

On the other hand, Ray et al. (2003) conducted one study about three 

anthocyanin regulatory genes of maize (Zea mays; Lc, B-Peru, and C1) were 

transformed into alfalfa (Medicago sativa) in a strategy designed. From table 5, gas 

production was different (P≤0.001) among the genotypes (different level of 

anthocyanin) throughout the 48 h of the incubation. When the level of anthocyanin is 

higher, the gas volume is increased.  
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Table 2.14  In vitro ruminal fermentation characteristics of non-transgenic (NT) and 

Lc-transgenic alfalfa incubated in batch culture. 

Notes: Lc1, Lc2, Lc3, and Lc4 are genotypes developed from NT as interim germ 

plasma in a longer-term study undertaken to produce pro-anthocyanidins in alfalfa 

(Ray et al2003). GT = effect of genotype; Lc = effect of transformation with Lc (NT 

vs. Lc) (Ray et al., 2003) 

 

2.3.5.2  Volatile fatty acid profile in rumen fluid 

 In the in vivo study of Hosada et al. (2012b), there were no 

effects of the control treatment and anthocyanin-rich corn silage treatment on ruminal 

pH, total and individual VFA concentrations and acetate-propionate ratio (Table 2.15). 

The acetate and propionate proportions of the total VFA were significant (P<0.01). By 

contrast, in the in vitro study of Leatherwood (2014), the results were no different on 

acetate and propionate proportions of the total VFA but the type of purple-fleshed 

sweet potatoes had effected on butyrate acid proportion. The same difference was 

found in the second experiment of Leatherwood (2014) about the effect of sample 

weight on gas production.  

 

Item 
Genotypes P - value 

NT Lc1 Lc2 Lc3 Lc4 SEM GT Lc 

Anthocyanidins 

(μg g–1 DM) 
0 114.6 96.9 102.2 135 19.22 <0.001  <0.001  

Gas production (mL g–1 DM) 

4 H 75.8 76 78.2 81.9 84 0.52 <0.001 <0.001 

12H 151.3 148 151.4 155.6 158.7 0.79 <0.001 0.028 

24 H 185.9 177.1 183.9 183.8 187.5 0.59 <0.001 0.001 

48 H 195.9 191.1 194.5 196.1 198.7 0.9 0.001 0.464 
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Table 2.15  Effect of anthocyanin and sample weight on fatty acid profiles in rumen 

fluid in vivo and in vitro. 

Treatment pH 

Volatile Fatty acid 

References 
C2(%) C3(%) C4(%) 

Total 

VFA 

(mmol) 

Control 6.57 63.2 21 11.6 108 
Hosoda et al(2012b) 

(In vivo) AR 6.48 62.3 21.2 12.3 109 

P-value NS <0.01 NS <0.01 NS 

PE 5.9 52.2 36.54
a
 11.9 15.6 

Leatherwood (2014) 

(In vitro) 

  

DE 6.1 59.5 30.19
b
 10.5 7.85 

P-value NS NS <0.05 NS NS 

GP (1g) 4.4 67.2 27.52
a
 5.41 47.9 

GP (5g) 4.4 80.3 14.89
b
 3.98 62.8 

P-value NS NS <0.01 NS NS 

Notes: AR: anthocyanin rich corn silage, PFSP: purple-fleshed sweetpotatoes, PE=1ml 

PFSP Extract, DE=1ml 50% Dilution of PFSP Extract 

 

2.3.6  Effect of anthocyanin on ruminal plasma antioxidant enzymes 

 In three studies of Hosada et al., (2012a, 2012b, and 2012c), sheep and 

cow were fed different sources of anthocyanin but the results showed increasing of 

superoxide dismutase (SOD enzyme while total antioxidant capacity (TAC), 

glutathione, alanine aminotransferase (ALT), and Total antioxidant status of blood 

plasma were not different. 

 

2.4  Molasses improve anthocyanin degradability in silage ensiling  

Anthocyanins is very sensitive to pH, the problem when we make silage is the 

time for fermentation, which decreases pH and effect directly on the degradation of 

anthocyanin in silage. However, the quality of silage depends on the water-soluble 

carbohydrate, which decide the fermentation process quickly or slowly. Napier 

(Pennisetum purpureum) grass is a popular grass used for ruminant in the tropical 
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country. However, their dry matter and water-soluble carbohydrates are quite low to 

make a good silage (Booreenok et al., 2012). According to Ohmomo et al. (2002) and 

Yahaya et al (2004), the lactic acid bacteria attached in Napier grass was low 

considered poor fermentation quality. Addition of molasses is a simple method for 

supplying the water-soluble carbohydrate to the substrate by providing energy 

immediately for lactic acid bacteria increase their copies and produce lactic acid to 

decrease pH in the short time after ensiling (Van Niekerk et al., 2007). When pH drop 

as short as possible, the amount of anthocyanin loss were decreased. Molasses can be 

used for improving anthocyanin stability in Anthocyanin-rich Napier grass silage. 

 

2.5  Addition of FeSO4 in silage  

 In ruminant, they receive high level of Fe from soil and feedstuff in dietary 

(Standish et al., 1971). Fe content is high in feedstuffs for ruminant such as alfalfa 

(300 mg/kg of DM), corn gluten feed (400 mg/kg of DM), distillers dried grains with 

soluble (DDGS) (600 mg/kg of DM), and soy hulls (600 mg/kg of DM) (Abdelrahim 

et al., 2012). When Fe excess, it can make oxidative stress (Ganz and Nemeth, 2006). 

In sheep, supplement of FeSO4 at two levels (75 and 150 mg/kg bodyweight) did not 

effect on dry matter intake, growth rate, and carcass characteristics of meat sheep. In 

addition, the information from study of Scheers et al. (2016) show that Fe 
2+

 under 

lactic fermentation will change to Fe
3+

; this form of ferris will combine with 

anthocyanin make metallic anthocyanin compound to enhance the color pigment 

(Wang et al., 2013). On the other hand, addition of Fe 
3+

 increased the degradation of 

fiber in silage (Wang et al., 2018) by increasing the hydrolysis of lignocellulose to 

sugar, which is fermentable to acid or enzyme. Addition FeSO4 is an additive to help 
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fiber degradation better as well as maintain the amount of anthocyanin in anthocyanin 

rich Napier grass. 

 

Table 2.16  Effect of anthocyanin on ruminal plasma antioxidant enzymes. 

Animal Item 

Treatment 

Authors 
Control 

Purple 

corn 

pigment 

SEM 
P 

value 

Sheep 

Plasma TAC, 

μmol/L 
453.8 458.5 6.8 NS 

Hosada 

et al, 

2012 c 

Plasma Glutathione, 

μmol/L 
5.1 5.9 0.2 NS 

Plasma SOD, U/mL 164.2
b
 184.4

a
 4 

P<0.0

5 

Urinary 8-OHdG, 

μg/MBS/day 
2.8 2.3 0.2 NS 

    Control 
Purple rice 

silage 
SEM 

P 

value 
  

Sheep 

Plasma TAC, 

μmol/L 
463.2 470.2 6.4 NS 

Hosada 

et al, 

2012a 

Plasma Glutathione, 

μmol/L 
4.2 4 0.1 NS 

Plasma SOD, U/mL 318.7
b
 360.2

a
 11.7 

P<0.0

1 

Urinary 8-OHdG, 

μg/MBS/day 
261.9 247.3 34.8 NS 

    Control 

Anthocyan

in-rich 

corn silage 

SEM 
P 

value 
  

Cow 

AST (IU/L) 97
a
 89.6

b
 0.7 

P<0.0

5 

Hosada 

et al, 

2012b 

ALT (IU/L) 36.9 34.3 1.5 NS 

Total antioxidant 

status (mmol/L)† 
1.06 1.04 0.01 NS 

SOD (U/mL) 2.4
b
 3.9

a
 0.2 

P<0.0

1 

Notes: TAC = total antioxidant capacity, SOD = superoxide dismutase, 8-OHdG = 8-

hydroxy-2′-deoxyguanosine. AST, aspartate aminotransferase; ALT, alanine 

aminotransferase 
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CHAPTER III 

EFFECT OF MOLLASSES AND FESO4 ON 

FERMENTATION, ANTHOCYANIN STABILITY, 

NUTRIENT COMPOSITION, GAS PRODUCTION OF 

ANTHOCYANIN–RICH NAPIER GRASS SILAGE IN VITRO 

 

3.1  Abstract  

This study was conducted to evaluate effect of different levels of molasses and 

FeSO4 on anthocyanin-rich Napier grass silage, the total was nine treatments were 

conducted in the in vitro to evaluate fermentation quality, nutrient composition and 

anthocyanin stable after ensiling twenty-one days. The experiment used a 3 x 3 

Factorial design in Completely Randomized Design (factor A is molasses (M) and 

factor B is FeSO4 (Fe)). Addition of molasses and FeSO4 affected on lactate, butyrate, 

ammonia-N, dry matter, Ash, organic matter, acid detergent fiber, pH, lactate, 

butyrate, ammonia-N, organic matter, crude protein, acid detergent fiber and crude 

fiber. Addition of molasses at 4% and FeSO4 at 0.03 % improved anthocyanin level, 

silage quality, and nutrient composition. Gas production study was conducted to 

measure effects of different anthocyanin levels from three types of Napier grass Silage 

and Fresh Anthocyanin-rich Napier grass. There were four treatments including 

Napier grass silage (Negative control: T2), Anthocyanin-rich Napier grass silage 

(Positive control: T2), Anthocyanin-rich Napier grass silage with 4% molasses and 
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0.03% FeSO4 (Treatment: T3), and Fresh Anthocyanin Napier grass (Fresh grass: T1). 

The results showed significant differences in in gas volume, propionic acid (C3), total 

volatile fatty acids (TVFAs), and the number of Streptococcus bovis but a decrease in 

pH value, acetic acid, acetate/propionate (C2/C3) ratio, Methanogen bacteria among 

treatments. Anthocyanin was stable in the rumen fluid after 24 hours of incubation. 

Anthocyanin-rich Napier grass silage added with molasses and FeSO4 can apply for 

feeding trial. 

Keywords: anthocyanin rich-Napier grass, molasses, FeSO4, anthocyanin, 

silage quality, gas production technique. 

 

3.2  Introduction 

Anthocyanin-rich Napier grass is a cultivate of Napier grass with leaves and 

stems in purple color which pigment was made from anthocyanin to protect plant cell 

from UV radiation, oxidative stress from environmental pathogen and herbivores 

(Lev-Yadun et al., 2009). Napier grass is a good source of protein for ruminant but 

low soluble carbohydrate (Okaraonye et al., 2009). Besides, Napier grass grows in 

tropical and sub-tropical regions with a wide range of annual moisture from 750 to 

2,500 mm rainfall (Skerman and Riveros, 1990) and has high production and short 

cutting cycle (Nyambati et al., 2010). On the other hand, silage is the best method to 

keep forage in a long time as a feed for small ruminant. Molasses was used as an 

additive in silage to made fermentation quickly by decrease pH and provide energy for 

lactic bacteria (Pipat et al., 2011). Anthocyanin-rich feedstuffs were easy to lost 

anthocyanin in ensiling progress (Song et al., 2012, Hosada et al., 2009) and stable 

when pH lower than 4. In addition, Iron (Fe) is an essential component of several 
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cytochromes and iron-sulfur proteins involved in the electron transport chain and 

several important biological processes (Parish and Rhine¬hart, 2008; Ganz and 

Nemeth, 2006). Level of FeSO4 at 0.03%/DM was reported not effect on lamp 

performance and meat characteristics (Abdelrahim et al., 2012). Addition FeSO4 in 

silage under fermentation, Fe
2+

 were received electron become Fe
3+ 

by lactic bacteria 

(Scheers et al., 2016), then Fe
3+

 will combine with anthocyanidin become Metallo-

anthocyanin compound (Yoshida et al., 2009, Scheers et al., 2016). Using molasses 

and FeSO4 in silage will help anthocyanin stable better. Hence, this study were 

conducted to evaluate the effect of the additive on the stable of anthocyanin after 21 

day ensiling and in gas production technique. 

 

3.3  Objectives 

3.3.1  To collect the suitable percentage of molasses, FeSO4 which make good 

silage fermentation and high level of anthocyanin stability of anthocyanin-rich Napier 

grass silage at 21
st 

ensiling. 

3.3.2  To evaluate the gas production of anthocyanin-rich Napier grass silage 

with the suitable percentage of molasses and FeSO4 as compared with fresh 

anthocyanin-rich Napier grass, Napier grass silage, and anthocyanin-rich Napier grass 

silage. 

3.3.3  To detect the degradation of anthocyanin component in rumen 

fermentation of anthocyanin-rich Napier grass silage with the suitable percentage of 

molasses and FeSO4 as compared with fresh anthocyanin-rich Napier grass, Napier 

grass silage, and anthocyanin-rich Napier grass silage. 
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3.4  Materials and methods 

3.4.1  Experiment 1.1 

 3.4.1.1  Anthocyanin component in anthocyanin - rich Napier grass 

silage preparation 

 Anthocyanin-rich Napier Grass (Pennisetum Purpureum) was 

used in this study. The Thai local cultivar was planted at the Suranaree University of 

Technology Farm in August 2016 and were harvested at 120 days (the first cutting) 

and after regrowth (60 days) and cut into 2-3 cm long for making silage. The materials 

were prepared in a 1 kg silage nylon bag, taken out the air by vacuum pumps, closed 

and then stored in a dark place at a room temperature (25
o
C) for 21 days.  

 3.4.1.2  Chemical analysis 

 At 21st of ensiling, 500g of samples were dried immediately in 

an air-forced oven at 70ºC to constant weight to determine the dry matter (DM) 

content before being ground over a 1 mm screen using a Wiley hammer mill. Ash 

content was determined by combustion at 550ºC for 3 h in a muffle furnace. Ash-free 

neutral detergent fiber (NDF) was analyzed by a modified method of (Van Soest et al., 

1991) with addition of a heat stable amylase, and ash-free acid detergent fiber (ADF) 

and acid detergent lignin (ADL) were analyzed by the method of (Goering and Van 

Soest, 1970). The content of hemicellulose was calculated as the difference between 

NDF and ADF and cellulose as the difference between ADF and ADL. Nitrogen 

content was measured by (AOAC, 1995) and the crude protein (CP) content was 

calculated as N*6.25. Gross energy measured by 6100 Automatic Compensated Jacket 

Bomb Calorimeter (Parr Instrument Company, USA). Phenolic compound and 

condensed tannin were analysis follow the method of Makkar (2003). For the pH and 
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organic acid analysis, 100 gram of silage were mixed with 900 ml of pure de-ionized 

water and extracted at 4°C in a shaking incubator for 24 hours. The liquid extract was 

passed through a syringe filter paper and used for pH and organic acid analysis. The 

pH and organic acid were determined by pH meter and high-performance liquid 

chromatography (HPLC), respectively. The HPLC condition for analysis VFAs was 

shown in table 3.1.   

 

Table 3.1  HPLC conditions for the analysis of organic acid.  

Items Conditions 

Column SBC18 

Detector UV, 240 nm 

Flow rate 0.7 ml/min 

Solvent A: KH2PO4 0.1 mM pH 2.4 

B: Acetonitrile  

Absorbance 240 nm 

Injection volume 20μl 

 

 For anthocyanin analysis, 400 grams of sample was lyophilized, ground and 

extracted using 0.01N HCl-80% Methanol solution and determined by 

spectrophotometer and HPLC. The HPLC conditions for the analysis of anthocyanin 

was shown in Table 3.2. DPPH free radical scavenging activity was followed the 

method of Nile et al (2013). 
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Table 3.2  HPLC conditions for the analysis of anthocyanin.  

Items Conditions 

Column SBC18 

Detector UV, 520 nm 

Flow rate 0.8 ml/min 

Solvent A: 10% acetic acid, 5% acetonitrile, 

and 1% phosphoric acid 

B: Acetonitrile  

Absorbance 520 nm 

Injection volume 20μl 

 

3.4.2  Experiment 1.2 

 3.4.2.1  Animals
 

 Three matured rumen fistulated crossed (Thai native x Angelo 

Nubian) breed male goats fed with 2.5% of body weight (% BW) DM/day containing 

Napier grass and commercial concentrate (16% crude protein) (60:40) were used as 

donors of rumen fluid. 

 3.4.2.2  In vitro gas technique 

3.4.2.2.1  Reagents preparation  

 Preparation the reagents were follow the method of 

Menke and Steingass (1988) as below: 

Buffer solution 

 - Ammonium bicarbonate (NH4HCO3)    4 g  

 - Sodium bicarbonate (NaHCO3)     35 g 
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 - Dissolve in water and bring up to 1 L in volumetric flask. 

 - Increase volume of buffer solution as required. 

Macro-mineral solution 

 - Sodium hydrogen phosphate, dibasic (Na2HPO4)   5.7 g 

 - Potassium phosphate, monobasic (KH2PO4)   6.0 g 

 - Magnesium sulfate, heptahydrate (MgSO4·7H2O)   0.6 g 

 - Dissolve in water and bring up to 1 L in volumetric flask. 

 - Increase volume of buffer solution as required. 

NOTE: Buffer and Macromineral solution can be stored refrigerated for up to 3 

months and at room temperature for up to 1 month. 

Micro-mineral solution 

 - Calcium chloride, dehydrate (CaCl2·2H2O)    13.2 g 

 - Manganese chloride, tetrahydrate (MnCl2·4H2O)   10.0 g 

 - Cobalt chloride, hexahydrate (CoCl2·6H2O)   1.0 g 

 - Ferric chloride, hexahydrate (FeCl2·6H2O)    8.0 g 

 - Dissolve in water and bring up to 100 mL in volumetric flask. 

NOTE: Micro-mineral solution can be stored refrigerated for up to 12 months. 

 0.1% (wt/vol) Resazurin 

 - Dissolve 0.1 g of resazurin 100 mL water. 

 - Store in dark (amber coloured) bottle at 4
°C

 (infridge). 

 3.4.2.2.2  Substrate preparation 

 Substrates were dry at 55°C until dry (~48 h) and 

ground with mill through 1 mm screen after that weigh 0.5 g of substrate into each 

syringe.  
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 3.4.2.2.3  Source of rumen fluid for in vitro incubations 

 Rumen fluid were sampled before the morning 

feeding on the three goats and then placed in warm (39
o
C) insulated flasks under 

anaerobic conditions. All sample were pooled in equal proportions and strained 

through 4 layers of cheesecloth under anaerobic conditions and then use for 

anthocyanin degradability experiment and gas production technique. Rumen fluid 

were sampled before the morning feeding on the three goats and then placed in warm 

(39
o
C) insulated flasks under anaerobic conditions. All sample were pooled in equal 

proportions and strained through 4 layers of cheesecloth under anaerobic conditions 

and then use for anthocyanin degradability experiment and gas production technique. 

3.4.2.3  Source of rumen fluid for in vitro incubations of 

anthocyanin degradability 

Anthocyanin degradability were measured by gas technique 

method. Rumen fluid were obtained from Source of rumen fluid for in vitro 

incubations. The fluids were passed through 4 layers of cheesecloth in pour fluids in 

Erlenmeyer flask an equal volume. Culture fluid were prepared by rumen fluid and 

buffers (ratio 1:2), which were preliminarily purged with CO2 gas. 

 3.4.2.4  Sample collection and processing 

         At pre-determined time points, headspace gas production (GP) 

were measured at 0, 3, 6, 9, 12, 24, 48, 72, and 96 h post incubation, using in vitro gas 

production of (Ørskov and McDonald, 1979). Pressure values, corrected by the 

amount of substrate OM incubated and the gas released from negative controls, were 

used to generate volume using the equation of Mauricio et al(1999) as:  

 Gas volume = 0.18 + (3.697 × gas pressure) + (0.0824 × gas pressure2) 
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The kinetic parameters of GP were calculated using the equation of France et 

al(2000) as: 

A = b × (1- e
-c(t-L)

) 

Where A is the volume of GP at time t; b is the asymptotic GP (mL/g DM); c is 

the rate of GP (/h), and L (h) is the discrete lag time prior to gas produced.  

 3.4.2.5  Gas components, VFAs, DNA extraction and anthocyanin 

 For gas composition analysis by Gas Chromatography Aligent 

6780. The gas at 6, 12, and 24H were removed by syringe with cap and detected 

directly by Gas Chromatography machine every time for getting the sample. Each 

sample was measured for 12 min. pH and VFAs detected at 6, 12, 24, and 48 H. 

Sample was taken out and filter with 4 layer cheeses cloth, detect pH, and 16ml fluid 

will mix 4 ml HCl 20%, 2ml was centrifuge at 10000 rpm in 10 min at 4
o
C, the 

supernatant filter by filter syringe 0.45 um and detect by High Performance Liquid 

Chromatography Aligent 1260 FLD (table 3.2). DNA extraction followed QIAamp 

PowerFecal DNA kit (Catalog Number: 12830-50, QIAGEN company, USA). The 

sequence of nine genes and PCR temperature condition as shown in table 3.3. 

Anthocyanin in the in vitro incubation were performed in a glass tube 

containing 1 g of grass silage with 50 ml of culture fluid for 0, 6, 12, 24, and 48 h. The 

tube were kept at 38
o
C in a shaking incubator and purged continuously with CO2 gas. 

After incubation, the fermentation were stopped by sinking the tube into ice-cold 

water and the pH of the fluid were measured.  
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3.5  Statistical Analysis 

For experiment 1.1, the data used for the statistical analyses consisted of 3 

levels of molasses supplementation, 3 levels of FeSO4 supplementation, 3 replications, 

and runs making a total of 27 observations. All obtained data were subjected to the 

general linear models procedures of the Statistical Analysis System Institute (SAS, 

1998) according to a 3×3 factorial arrangement in CRD. The statistical model 

including molasses level, FeSO4 level and interaction effects were: Yij = 

μ+Ai+Bj+ABij+εij; where Yijk is an observation, μ is the overall mean, A is molasses 

level effect (i = 1, 2, 3), B is FeSO4 level effect (j = 1, 2, 3), A*B is interaction effect 

of molasses level and FeSO4 level, and εij the residual effect. Multiple comparisons 

among treatment mean were performed by Duncan’s New Multiple Range Test 

(DMRT) and orthogonal contrast (Steel and Torrie, 1980) was used for trend analysis 

after interaction between 2 factors were detected. Significant differences were based 

on a probability level <0.05. For experiment 1.2, the data obtained from the 

experiment were statistically subjected to ANOVA and analyzed as a Completely 

Randomized Design (CRD) design using the PROC GLM (SAS, 1998). Significant 

differences between treatments were determined using Duncan’s News Multiple 

Range Test (DMRT) (Steel and Torrie, 1980) and orthogonal contrast was used for 

trend analysis. The following statistical model was used:  ijk = + τi + ij .Where ij 

= represents of observation from animals; = overall mean;  τi = Effect of treatment (i = 

1-3); ij= Error of the term. 
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Table 3.3  Gene sequence. 

Items Forward/Reward primer sequence (5'- 3')  
Temperature 

(
o
C) 

References 

Total bacteria F CGGCAACGAGCGCAACCC 55 Koike et al(2001) 

 

R CCATTGTAGCACGTGTGTAGCC 
  

Ruminococcus albus F CCCTAA AAGCAG TCTTAGTTCG 55 Koike et al(2001) 

 

R CCTCCTTGCGGTTAGAACA 
  

Ruminococcus flavefaciens F TCTGGAAACGGATGGTA 60 Koike et al(2001) 

 

R CCTTTAAGACAGGAGTTTACAA 
  

Fibrobacter succinogens F GTTCGGAATTACTGGGCGTAAA 55 Lane (1991) 

 

R CGCCTGCCCCTGAACTATC 
  

Methanogen F TTCGGTGGATCDCARAGRGC 58 Denman et al., (2006) 

 

R GBARGTCGWAWCCGTAGAATC 
  

Protozoa F CTTGCCCCTCYAATCGTWCT 55 Sylwesters etal. (2004) 

 

R GCTTTCGWTGGTAGTGTATT 
  

Butyrivibrio fibrisolvens F ACACACCGCCCGTCACA 58 Klieve  et al(2003) 

 
R TCCTTACGGTTGGGTCACAGA 

  
Megasphaera  elsdenii F GACCGAAACTGCGATGCTAGA 59 Klieve  et al(2003) 

 

R CGCCTCAGCGTCAGTTGTC 
  

Streptococus bovis  F GCCA GGCTATTTAGGTGACACTATAG 58 Ghali  et al(2004) 

  R GGGT AATACGACTCACTATAGGG     

 

 

 
 

5
4
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3.6  Treatment 

3.6.1  Experiment 1 

Total is nine treatments was shown below: 

T1 (control): Anthocyanin-rich Napier grass silage no additive 

T2 (M4%): Anthocyanin-rich Napier grass silage with 4% molasses 

T3 (M8%): Anthocyanin-rich Napier grass silage with 8% molasses 

T4 (F0.015%): Anthocyanin-rich Napier grass silage with 0.015% FeSO4 

T5 (F0.03%): Anthocyanin-rich Napier grass silage with 0.03% FeSO4 

T6 (M4%F0.015%): Anthocyanin-rich Napier grass silage with 4% molasses 

and 0.015% FeSO4 

T7 (M4%F0.03%): Anthocyanin-rich Napier grass silage with 4% molasses 

and 0.03% FeSO4 

T8 (M8%F0.015%): Anthocyanin-rich Napier grass silage with 8% molasses 

and 0.015% FeSO4 

T9 (M8%F0.03%): Anthocyanin-rich Napier grass silage with 8% molasses 

and 0.03% FeSO4. 

3.6.2  Experiment 2 

Total is four treatments: 

T1: Fresh Anthocyanin rich Napier grass 

T2: Napier Grass silage  

T3: Anthocyanin rich Napier grass silage without additive 

T4: Anthocyanin rich Napier grass silage with additive (level of molasses and 

FeSO4 was selected from experiment 1.1). 
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3.7  Experimental site  

 The experiment was conducted at Suranaree University of Technology, 

Nakhon Ratchasima, Thailand. 

 

3.8  Duration 

The duration of the present experiment was from October 2016 to March 2016. 

 

3.9  Results and Discussions 

3.9.1  Experiment 1.1 

 3.9.1.1  Chemical composition 

 The chemical composition of nine treatments was shown in 

table 3.4. Molasses and FeSO4 effected on dry matter, crude protein, ammonia 

nitrogen, neutral detergent fiber, acid detergent fiber, ether-extract and gross energy. 

When increasing the level of molasses and FeSO4, DM value of treatments is higher 

than control (P<0.05) but OM was not affected by the additive. The value of NDF, 

ADF, EE, and GE in the contrast way with DM and CP. When supplement of 

molasses, silage fermentation is better with high value of lactate and decreasing of 

NDF, ADF can explain that addition of molasses to silage and stimulating 

fermentation, increase the population of lactic acid bacteria, improve quality of silage 

and avoid of losses dry matter (McDonald et al., 2002). Addition and mixing some 

additives to forage before ensiling resulted to increase dry matter content of silage due 

to improving quality of fermentation (Harrison and Blauwiekel, 1994). EE and GE 

losses were explained that in the second phase of silage fermentation, lactic acid 

bacteria used water-soluble carbohydrate from substrate to mainly lactic acid, they 
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made losing of the gross energy and ether extract from silage. This result is different 

with the study of Sakhawat (2011), he reported that no effect on gross energy loss of 

clover grass silage (22 % DM in fresh grass) with the additive. 

 3.9.1.2  Phenolic compound and DPPH  

 Table 3.5 present the data of phenolic compound and DPPH 

(% inhibition rate). Additive effected on the percentage of the total phenolic 

compound, total tannin, non-phenolic compound, condensed tannin, and DPPH value. 

Increase level of molasses and FeSO4, the level of the total phenolic compound, total 

tannin and condensed tannin were improved, but DPPH was decreased. Song et al. 

(2012) reported that antioxidation ability as the content of anthocyanins is high and 

anthocyanin content has a significant relationship on antioxidant activity. Alonzo-

Macías et al. (2013) reported that the antioxidant activity of strawberries was directly 

correlated with anthocyanin content in the fruit. In this study, antioxidant activity and 

anthocyanin content have a negative correlation. These results showed that if addition 

molasses and FeSO4 changing chemical compositions can prevent a decrease in 

anthocyanin content but the compound of Fe
3+

 and anthocyanin, which affected on the 

antioxidant capacity or the DPPH value. 

 3.9.1.3  pH, lactic acid and volatile fatty acids 

 The data of pH and volatile fatty acids in table 3.6 showed that 

addition molasses and FeSO4 effect on pH, lactic acid, and volatile fatty acid. 

According to Catchpoole et al. (1971) quality silage has a pH at 4.2 or below, lactic 

acid between 3-13%, a butyric acid concentration less than 0.5%, acetic acid from 1-3 

%, propionic acid less than 1% and ammonia nitrogen less than 12%. These results 

presented in table 3.6 show that the silage pH of treatments no added molasses were 

higher 4.2, the butyric less than 0.5% and lactic acid were from 5 to 8%. Addition of 
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molasses and FeSO4 increased the number of lactic acids higher than 13% and 

decreased pH lower than 4.2. However, acetic acid, propionic acid, and butyric acid 

were followed by the standard. In contrast, ammonia nitrogen in treatments no 

molasses were higher the standard. We can explain Anthocyanin-rich Napier grass is a 

cultivar of Napier so they were high in fiber and low in soluble-carbohydrate when 

ensiling, their pH was still high before ensiling (5.67) and appearance of water in the 

grass made protein breakdown to increase the number of ammonia nitrogen. 

In addition, high level of butyric showed an association with protein 

degradation. Yunus et al. (2000) indicated that Napier grass was known to have a high 

moisture content, an effective procedure in silage making. Water soluble carbohydrate 

concentration in fresh grass give a high probability of lactate type silage and 

preservation of silage being better (Wilkinson, 1983). Molasses is used in silage 

making was found to produce more lactate and less acetate and ammonia nitrogen than 

untreated treatment (McDonald et al., 1991).  
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 Table 3.4  Anthocyanin rich Napier grass silage chemical composition (%DM). 

Item  %DM  
      % DM       

OM CP  NH3-N NDF ADF EE GE(kcal/kg) 

T1 (CONTROL) 15.45
f
 85.97

ed
 6.64

e
 0.03

a
 78.50

a
 47.04

a
 4.60

d
 4107.85 

T2 (M4%) 17.00
de

 86.00
cd

 7.18
d
 0.02

b
 71.06

bc
 39.88

cd
 4.34

f
 4082.99 

T3 (M8%) 18.07
bc

 86.09
a
 7.34

cd
 0.01

c
 67.71

c
 37.09

e
 4.24

g
 4090.81 

T4 (F0.015%) 16.26
e
 86.12

cde
 6.33

f
 0.02

b
 77.87

a
 44.07

b
 4.2

h
 4029.20 

T5 (F0.03%) 15.38
f
 83.45

f
 6.42

ef
 0.02

b
 77.94

a
 46.81

b
 4.72

a
 4094.04 

T6 (M4%F0.015%) 17.34
cd

 86.8a
bc

 7.18
d
 0.02

b
 74.64

ab
 40.93

c
 4.48

i
 4029.92 

T7 (M4%F0.03%) 17.61
cd

 86.87
ab

 7.70
b
 0.02

b
 70.54

bc
 38.64

d
 4.47

b
 4058.45 

T8 (M8%F0.015%) 19.46
a
 85.49

e
 8.37

a
 0.02

b
 62.87

d
 34.92

e
 4. 78

c
 4009.45 

T9 (M8%F0.03%) 18.59
b
 86.05

ed
 8.53

bc
 0.02

b
 63.31

d
 36.40

f
 4.54

e
 4003.46 

SEM 0.08 0.08 0.03 0.01 0.48 0.14 0.00 1.35 

P VALUE <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001 0.46 

CONTRAST 

      
 

CON VS SUPP ** NS ** ** ** ** ** NS 

CON VS M ** NS ** ** ** ** ** NS 

CON VS F ** NS ** ** ** ** ** NS 

CON VS MF ** NS ** ** ** ** ** NS 

M4% VS M8% ** * ** * ** ** ** NS 

F0.015% VS F0.03% * * NS NS NS NS ** NS 

 
a, b, c, d, e, f, g, h, i

 mean in the same column with different superscripts are significantly different (p<0.05). *,** Mean significant different 

(P<0.05 and P<0.01, respectively). NS mean not significant.  M= molasses, F= FeSO4, SUPP= supplement, DM= dry matter, OM= 

organic matter, CP= crude protein, EE= ether extract, NDF= neutral detergent fiber, ADF= acid detergent fiber, NH3-N= ammonia 

nitrogen, GE=gross energy. SEM: standard error of the mean. 

5
9
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 3.9.1.4  Anthocyanin component 

 Anthocyanin content of Anthocyanin-rich Napier grass silage 

was shown in table 3.7. Addition of molasses and FeSO4 affected on total anthocyanin 

of treatment with the additive as compared with control. Increasing level of molasses 

and FeSO4 will enhance anthocyanin but no difference between 2 level of molasses 

and FeSO4 addition on total anthocyanin. No difference was found in Cyanidin and 

Pelarnidin.  When a combination of molasses and FeSO4 helped pH decrease quickly 

and maintain anthocyanin in silage. Sugar in molasses blocked the activity of water 

and enhanced the activity of lactic bacteria by providing an energy source. High level 

of molasses made pH drop less than 4 but silage was found much wet but kept 

anthocyanin stable better. FeSO4 addition in silage played a role like salt to absorbed 

water from cell membrane and inhibit the activity of negative bacteria with lactic 

bacteria.  In addition, under fermentation, Fe
2+

  from FeSO4 received electron become 

Fe
3+

 by lactic bacteria (Scheers et al., 2016), then Fe
3+ 

combined with anthocyanin 

become Metallo-anthocyanin compound (Yoshida et al., 2009, Scheers et al., 2016). 

No difference was found between two level of molasses and FeSO4 on total 

anthocyanin but strong effect on pelargonidin-3-glucoside (P3G), delphinidin (Del), 

and peonidin-3-o-glucoside (Peo3G). Three type of anthocyanins are sensitive with the 

changing of pH and they degraded quickly by high temperature (Song et al., 2013) and 

pH (Hosada et al., 2009; Song et al., 2012).   
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Table 3.5  Anthocyanin rich Napier grass silage phenolic compound (%DM). 

 Items 

    %DM     

TOTAL 

PHENOL 
TOTAL TANNIN NON PHENOL CONDENSED TANNIN 

DPPH (% inhibition 

rate) 

T1 (CONTROL) 9.13
g
 2.54

e
 6.59

g
 0.10

e
 87.54

e
 

T2 (M4%) 11.46
d
 2.75

a
 8.71

d
 0.13

c
 85.59

bc
 

T3 (M8%) 12.12
c
 2.89

g
 9.23

c
 0.16

a
 82.05

d
 

T4 (F0.015%) 8.70
f
 2.59

d
 7.23

f
 0.11

d
 87.64

a
 

T5 (F0.03%) 9.01
h
 2.72

b
 6.29

h
 0.11

d
 87.78

a
 

T6 (M4%F0.015%) 9.82
e
 2.64

c
 8.14

e
 0.10

e
 85.04

c
 

T7 (M4%F0.03%) 10.78
i
 2.73

b
 5.97

i
 0.14

b
 85.45

bc
 

T8 (M8%F0.015%) 13.99
a
 2.59

d
 11.40

a
 0.11

d
 82.02

b
 

T9 (M8%F0.03%) 12.99
b
 2.45

d
 10.54

b
 0.14

b
 82.74

d
 

SEM 0.005 0.001 0.004 0.002 0.155 

P VALUE <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

CONTRAST 

    CON VS SUPP ** NS ** ** ** 

CON VS M ** ** ** ** ** 

CON VS F ** ** ** ** ** 

CON VS MF ** ** ** ** ** 

M4% VS M8% ** ** ** ** ** 

F0.015% VS F0.03% ** ** ** ** ** 
a, b, c, d, e, f, g, h, i

 mean in the same column with different superscripts are significantly different (p<0.05).*,**  mean significant different 

(P<0.01), *mean significant different (p<0.05), NS mean not significant, M= molasses, F= FeSO4, SUPP= supplement, MF=molasses & 

FeSO4. SEM: standard error of the mean. 
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Table 3.6   Anthocyanin rich Napier grass fermentation quality. 

 Items pH 
  %DM     

Lactic acid  Acetic acid Propionic acid Butyric acid 

T1 (CONTROL) 4.76
a
 5.51

c
 2.27

c
 0.01

c
 0.39

c
 

T2 (M4%) 3.79
d
 15.90

bc
 3.65

b
 4.43

bc
 0.29

c
 

T3 (M8%) 3.65
e
 29.84

ab
 4.83

ab
 5.23

ab
 1.14

a
 

T4 (F0.015%) 4.68
b
 6.33

bc
 3.62

c
 0.01

c
 0.36

c
 

T5 (F0.03%) 4.51
c
 8.13

bc
 2.76

c
 0.01

c
 0.29

c
 

T6 (M4%F0.015%) 3.80
d
 22.36

ab
 4.98

b
 4.73

bc
 0.31

c
 

T7 (M4%F0.03%) 3.83
d
 35.04

ab
 4.78

ab
 5.46

ab
 0.59

b
 

T8 (M8%F0.015%) 3.70
e
 37.22

a
 6.16

ab
 5.92

ab
 0.01

d
 

T9 (M8%F0.03%) 3.69
e
 39.32

a
 6.87

a
 6.59

a
 0.01

d
 

SEM 0.008 0.495 0.250 0.170 0.150 

P VALUE <0.0001 <0.0001 0.02 <0.0001 <0.0001 

CONTRAST 

    CON VS SUPP ** ** * ** NS 

CON VS M ** ** * ** NS 

CON VS F ** ** * ** * 

CON VS MF ** ** * ** ** 

M4% VS M8% ** ** NS * NS 

F0.015% VS F0.03% * ** NS NS NS 
    

a, b, c, d, e
 mean in the same column with different superscripts are significantly different (p<0.05).*,**  mean significant different (P<0.01), 

*mean significant different (p<0.05), NS mean not significant, M= molasses, F= FeSO4, SUPP= supplement, MF=molasses & FeSO4. 

SEM: standard error of the mean.

 
6

2
 

 



64 
 

 

 
 

Table 3.7  Anthocyanin content (% DM) of anthocyanin rich Napier grass silage. 

Items 
C3G 

(mg/g) 

P3G 

(mg/g) 

Del   

(mg/g) 

Peo3G 

(mg/g) 

M3G 

(mg/g) 

Cya  

(mg/g) 

Pel   

(mg/g) 

Mal   

(mg/g) 

Total 

(mg/g) 

T1 (CONTROL) 0.0144
b
 0.0210

f
 0.0489

f
 0.0473

c
 0.0405

d
 0.0743 0.0047 0.0004

bc
 0.2501

c
 

T2 (M4%) 0.0331
b
 0.0338

d
 0.0857

cd
 0.0983

cd
 0.0819

bc
 0.1509 0.005 0.0006

b
 0.4889

ab
 

T3 (M8%) 0.0841
a
 0.0398

bc
 0.0979

bc
 0.1355

ab
 0.0792

bcd
 0.1712 0.0055 0.0005

bc
 0.6132

a
 

T4 (F0.015%) 0.0154
b
 0.0236

ef
 0.0609

ef
 0.0609

e
 0.0525

cd
 0.0373 0.0019 0.0001

d
 0.2525

c
 

T5 (F0.03%) 0.033
b
 0.0291

de
 0.0716

de
 0.0766

de
 0.0595

bc
 0.0712 0.005 0.0001

d
 0.3459

bc
 

T6 (M4%F0.015%) 0.0334
b
 0.0344

cd
 0.0852

cd
 0.1196

bc
 0.0797

ab
 0.1744 0.0066 0.0006

b
 0.5334

a
 

T7 (M4%F0.03%) 0.0216
b
 0.0412

b
 0.0982

bc
 0.1326

abc
 0.0945

a
 0.1867 0.0078 0.0007

ab
 0.5826

a
 

T8 (M8%F0.015%) 0.0497
ab

 0.0455
ab

 0.1129
b
 0.1301

abc
 0.1078

a
 0.1704 0.0112 0.0007

ab
 0.6277

a
 

T9 (M8%F0.03%) 0.0459
ab

 0.0495
a
 0.1363

a
 0.1605

a
 0.1025

ab
 0.1176 0.0067 0.0009

a
 0.6189

a
 

SEM 0.013 0.005 0.008 0.012 0.009 0.022 0.007 0.032 0.026 

P VALUE 0.012 <0.0001 <0.0001 <0.0001 <0.0001 0.125 0.606 0.000 0.001 

CONTRAST 
         

CON VS SUPP NS ** ** ** ** NS NS NS ** 

CON VS M * ** ** ** ** * NS * ** 

CON VS F NS ** ** ** ** NS NS NS ** 

CON VS MF NS ** ** ** ** * NS ** ** 

M4% VS M8% * ** ** * NS NS NS NS NS 

F0.015% VS 

F0.03% 
NS ** ** * NS NS NS * NS 

a, b, c, d, e, f 
mean in the same column with different superscripts are significantly different (p<0.05).*,** Mean significant different (P<0.01), 

*mean significant different (p<0.05), NS mean not significant, M= molasses, F= FeSO4, SUPP= supplement, MF=molasses & FeSO4. 

C3G: cyanidin-3-glucoside, P3G: pelargonidin-3-glucoside, Del : delphinidin, M3G : malvidin-3-O-glucoside, Cya : cyanidin, Pel : 

pelargonidin, Peo3G : peonidin-3-o-glucoside, Mal : malvidin. SEM: standard error of the mean. 
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There were many factors affecting the stability of anthocyanin the factors, 

oxygen, light, high temperature, and high pH were associated with anthocyanin 

stability during the ensiling period (Francis, 1989; Mazza and Miniati, 1993). In this 

study, oxygen, light, and high temperature could not affect anthocyanin content during 

the ensiling period because the silage kept in a nylon bag was stored in a dark place at 

an ambient temperature. Cevallos-Casals and Cisneros- Zevallos (2004) reported that 

the pH affected anthocyanin stability in an extract form anthocyanin-rich corn, and 

anthocyanin was degraded above pH 3. In this study, all silage pH value was from 

3.65 to 4.67 and therefore, the decrease of anthocyanin content was attributed to the 

pH condition of the treatment. 

 3.9.1.4  Conclusion 

 Addition 4% molasses and 0.03% FeSO4 is the best treatment 

because high in total anthocyanin after 21 days ensiling. In addition, pH, lactic acid, 

dry matter, crude protein, and DPPH is better than others. 

3.9.2  Experiment 1.2 

 3.9.2.1  Gas volume and gas composition 

          Table 3.8 show the chemical composition of four treatments, 

the gas production of 4 treatments is presented in Table 3.8, and gas composition was 

indicated in table 3.9.  The results of gas production characteristics demonstrated that 

soluble fraction of OM (a) and potential degradability (a+b) fractions of DM are not 

different between two groups: fresh Anthocyanin rich Napier grass in comparing to 

silage and Napier silage in comparing to Purple Napier silage. The differences was 

found between Anthocyanin Napier grass silage no additive and additive (P<0.01).  
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The degradation rate of insoluble fraction (c) was not different. Gas volume of 4 

treatments was different at 3H, 6H, and 9H from 12H (P<0.05) but no difference was 

found between fresh Anthocyanin rich Napier grass and silage, but up to 48H and 96 

H, gas volume is significantly different again. The high gas volume was found in 

treatment T1 and T4, which are high anthocyanin. This results are in agreement with 

the study of Spanghero et al. (2009) on gas production of Grape pulp and grape seed 

with different level of anthocyanin in substrate. Ray et al.  (2003) conducted one study 

about three anthocyanin regulatory genes of maize in in vitro gas production show the 

similarly trend of results at treatment high anthocyanin. 

Methane gas (CH4) of treatments with additive show amount of CH4 is 

significantly smaller than treatment no additive. But no difference was found between 

fresh grass and silage. Carbonic dioxide is the most compound in gas produced from 

rumen fermentation. This makes the aerobic condition for microbe population work to 

digest substrate. CH4 is produced principally from microbial fermentation of 

hydrolyzed dietary carbohydrates such as cellulose, hemi-cellulose, pectin and starch 

in the rumen and emitted primarily by eructation. The primary substrates for ruminal 

methanogenesis are hydrogen and CO2. Most of the hydrogen produced during the 

fermentation of hydrolyzed dietary carbohydrates, much of which is generated during 

the conversion of hexose to acetate or butyrate, ends up in CH4 (Broocek, 2015). 

Significant quantities of CH4 can also arise from microbial fermentation of amino 

acids, the end products of which are ammonia, volatile fatty acids, CO2 and CH4.  

Gas volume and gas production characteristics as the good parameters in vitro 

trial, which can predict fermentation, digestibility, microbial and end-product for the 
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host animal (Sommart et al., 2000). The results of this trial indicated gas volumes 

before 96 h (consist of 3, 6, 9, 12, 24, 48, 72, 96, respectively) incubation, in T1 and 

T4, gas production was highest than T2 and T3. In the fresh grass, sugar does not lose 

so this is the source of energy for microbe population to use for fermentation. In the 

silage, the carbohydrate was used by lactic bacteria to reduce pH and inhibit the 

activity of yeast and other factor effect silage quality. Yunus et al (2000) indicated that 

Napier grass was known to have a high moisture content, an effective procedure in 

silage making. Water soluble carbohydrate concentration in fresh grass give a high 

probability of lactate type silage and preservation of silage being better (Wilkinson, 

1983). Molasses is used in silage making was found to produce more lactate and less 

acetate and ammonia nitrogen than untreated treatment (McDonald et al., 1991). When 

we add 4% molasses in treatment T4, this energy use for refill the sugar loss in the 

ensiling process, so the gas volume of this treatment was similar with Fresh Grass. We 

can found the same result at a value, but at b, c and |a|+|b| value were not effect by 

treatment, it mean the trend of gas kinetic is similar, they are different on the starting 

point. 

 3.9.2.2  pH, Ammonia nitrogen and Volatile fatty acid 

 The value of C2, C3, C4, pH, TVFAs, and C2/C3 were shown 

in table 3.11. The contents of the C2, C3, C4 at 6, 12, 24 and 48Hh were significantly 

different (P>0.05) between 4 treatments. The pH was not different at 6H but at 12h, 

24h, and 48h, the low pH in T1 and T4 was found. TVFAs at 6, 12, 24 and 48h were 

significant differences between 4 treatments and there was an increase in value by the 

time of incubation. The C2/C3 ratio at 12h, 24h, and 48h were found lowest in T4 and 
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highest in T2. Leatherwood (2014) reported there has a relationship between the 

acetate to propionate ratio to methane production. Decreased methane production is 

common with increased feed intake but it is also common with a decrease in the 

acetate to propionate ratio (Russell, 1998). In table 3.10, at 24h of incubation, methane 

production of T4 is the lowest value, it can explain why the C2/C3 ratio of T4 is lower 

than others. 

In addition, VFAs was mainly concluding of acetic acid, propionic acid, and 

butyric acid, they are an important intermediate metabolite when the host utilized 

energy, which was mainly energy storage, growth, reproduction and lactation and 

other basic activities for ruminants (Hosada et al., 2009). In in vivo study of Hosada et 

al. (2012b), there were no effects of the control treatment and anthocyanin-rich 

cornsilage treatment on ruminal pH, total and individual VFA concentrations and 

acetate–propionate ratio. By contrast, in vitro study of Leatherwood (2014), the results 

were no different on acetate and propionate proportions of the total VFA but the type 

of purple-fleshed sweet potatoes had effected on butyrate acid proportion. The same 

difference was found in the second experiment of Leatherwood (2014) about the effect 

of sample weight on gas production. 

The pH value is of crucial importance indicator, which was markedly affected 

ammonia concentration, acetate: propionate ratio deamination and ruminal methane 

production (Lana et al., 1998).  The pH at 24H of T1 was significantly different with 

silage group, the similar result was found in compare T3 and T4. The pH depends on 

the concentration of VFAs, by the time of incubation, the concentration of VFAs was 

higher, so pH will drop following the time of incubation and TVFAs.   
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 Table 3.8  Chemical composition of four treatments. 

Items T1 T2 T3 T4 

%Dry Matter (DM) 15.43 16.18 15.32 16.99 

 

%DM 

ASH 16.19 16.56 13.99 12.95 

Organic Matter (OM) 83.81 83.44 86.01 87.05 

Crude Protein (CP) 7.62 7.22 7.38 7.85 

Neutral Detergent Fiber (NDF) 79.49 78.22 79.71 72.11 

Acid Detergent Fiber (ADF) 49.01 46.72 47.73 41.28 

Hemicellulose 35.5 31.5 31.98 30.83 

Crude Fiber (CF) 47.04 48.14 47.31 38.95 

Ether Extract (EE) 2.19 4.2 4.6 5.48 

Anthocyanin 0.12 0.01 0.03 0.06 

Phenolic Compound 9.86 3.72 9.12 9.72 

Total Tannin 2.62 2.05 2.54 2.73 

Non Phenolic Compound 7.23 1.68 6.59 6.99 

Condensed Tannin 0.09 0.09 0.1 0.11 

Gross Energy (GE) (kcal/kg DM) 4188.45 4141.39 4191.83 4105.05 

Fresh Anthocyanin rich Napier grass (T1), Napier grass silage (T2), anthocyanin rich Napier grass silage (T3) without additive and 

Anthocyanin rich Napier grass silage with additive (T4).  
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Table 3.9  Gas kinetic of four treatments. 

Items T1 T2 T3 T4 SEM 

    P value   

Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

a 6.40
a
 5.07

b
 5.90

b
 7.96

a
 0.402 0.018 NS NS ** 

b 103.17 100.57 102.16 98.05 0.936 0.509 NS NS NS 

c 0.05 0.05 0.05 0.05 0.003 0.687 NS NS NS 

a+b 109.05 105.65 107.06 106.01 0.951 0.568 NS NS NS 

Gas volume 

(ml)      

 

   

3h 22.5 
a
 10.00

c
 13.67

b
 22.50

a
 0.323 <0.0001 ** ** ** 

6h 34.67
a
 17.67

c
 23.33

b
 36.00

a
 0.771 0.001 ** ** ** 

9h 45.00
a
 27.67

b
 34.67

b
 47.83

a
 1.313 0.014 * ** ** 

12h 55.33
ab

 37.33
c
 45.67

bc
 58.67

a
 1.757 0.044 NS ** * 

24h 80.00
a
 61.33

b
 70.00

ab
 80.00

a
 2.062 0.046 NS * NS 

48h 103.00
a
 87.33

c
 91.67

bc
 97.67

ab
 1.104 0.026 ** * NS 

72h 106.67
a
 90.00

c
 97.00

b
 103.33

ab
 0.949 0.009 ** ** NS 

96h 108.00
a
 91.33

c
 99.67

b
 108.17

a
 1.03638 0.009 ** * * 

a, b, c, d 
mean in the same row with different superscripts are significantly different (p<0.05). *,** Mean significant different (P<0.01), 

*mean significant different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass 

(T1), Napier grass silage (T2), anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with 

additive (T4). 
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Table 3.10  Gas component of four treatments. 

items Time T1 T2 T3 T4 

      P value   

SEM Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

CH4 6h 25.35
b
 27.76

a
 23.92

c
 24.96

b
 0.0604 <0.0001 NS ** ** 

 

12h 25.69
b
 27.11

a
 27.3

a
 25.69

b
 0.1403 0.0211 * NS * 

 

24h 25.56
b
 26.29

a
 26.75

a
 25.02

b
 0.0848 0.0033 NS NS ** 

CO2 6h 51.74
c
 49.79

d
 57.53

a
 55.63

b
 0.1129 <0.0001 ** ** ** 

 

12h 53.65 55.68 52.1 54.5 0.4387 0.1567 NS NS NS 

 

24h 54.46
a
 53.19

b
 52.7

b
 55.6

a
 0.1820 0.0105 NS NS ** 

O2 6h 2.81
a
 0.34b 0.48

b
 0.48

b
 0.0474 <0.0001 ** NS NS 

 

12h 0.92
a
 0.11

d
 0.30

c
 0.47

b
 0.0174 <0.0001 ** ** * 

 

24h 0.43 0.48 0.39 0.49 0.0374 0.6389 NS NS NS 

N2 6h 1.19
b
 1.45

a
 0.21

c
 0.44

c
 0.0332 <0.0001 ** ** NS 

 

12h 0.60 0.39 0.33 0.32 0.0584 0.3239 NS NS NS 

 

24h 0.49 0.27 0.32 0.32 0.0712 0.7306 NS NS NS 

CO 6h 18.91
b
 20.66

a
 17.86

d
 18.5

c
 0.0443 <0.0001 NS ** ** 

 

12h 19.15
ab

 16.72
b
 19.96

a
 19.02

ab
 0.4035 0.1633 NS NS NS 

  24h 19.05
b
 19.77

a
 19.84

a
 18.58

c
 0.0636 0.0027 NS * ** 

 
a, b, c, d 

mean in the same row with different superscripts are significantly different (p<0.05). *,** Mean significant different (P<0.01), 

*mean significant different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass 

(T1), Napier grass silage (T2), anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with 

additive (T4).  

7
0
 

 

 



71 
 

 

 
 

NH3-N concentration was found highly significant differences in the treatments 

T2 at 24h after incubation as compared to T3 and T4 (P<0.01). The value of NH3-N in 

treatment T1 is the lowest among four treatments with P<0.05 at 6h, 12h, and 24h. The 

availability of NH3-N is an important determinant of microbial protein production as 

the majority of rumen bacteria use NH3 as a nitrogen source (Phesatcha et al., 2016). It 

is essential to know what concentration of NH3-N will support maximal microbial 

growth in order to make judgments regarding utilization of non-protein N. The NH3-N 

concentration of all treatments ranged from 11.22 to 18.52 mg/dL (Table 3.10).   

However, Satter and Slyter (1974) suggested NH3-N concentrations from 3 to 5 

mg/dL as optimal to produce ruminal microorganism growth, which was relatively less 

than those observed in this study. It appears that, once NH3 starts to accumulate, the 

growth of bacteria utilizing NH3 is not enhanced by increasing NH3 concentration 

(Satter and Slyter, 1974).  

 3.9.2.3  Microbe population  

 The microbe population was shown in table 3.11, 3.12, and 

3.13. No different was found between treatments for total bacteria, Ruminococcus 

albus, Fibrobacter succinogens, Butyrivibrio fibrisolvens, Megasphaera  elsdenii,  

Ruminococcus flavefaciens and protozoa at 24h. But the group of methanogen bacteria 

was significantly different between T2 with T3 and T4 at 24h.  The number of 

Streptococcus bovis copy, which type of bacteria produce lactic acid was significantly 

different between fresh grass and silage, because in silage the water soluble 

carbohydrate was used by lactic acid bacteria during fermentation time, so the number 

of this bacteria in silage were lower. There is an interesting observed about correlation 
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of anthocyanin amount in substrate on Streptococcus bovis population. When the level 

of anthocyanin was increased, the number of copies was be higher. This evidence 

suggest that anthocyanin effect on this group of Streptococcus bovis. In contrast, the 

amount of Methanogen bacteria in T2 is the highest. These results demonstrated that 

anthocyanin effect slightly on methane production of rumen fermentation, the 

treatment T2 with low anthocyanin so CH4 production is higher than others. 

 3.9.2.4  Anthocyanin degradation 

 The degradation of anthocyanin of 4 treatments after 

incubation showed not significant on changing amount of anthocyanin from 0h, 3h, 

6h, 9h, 12h, and 24h. We can conclude anthocyanin cannot be absorbed in the rumen, 

this result is similar with the study of Song et al (2012), Hosada et al. (2009), and 

Leatherwood (2010). Hosada et al. (2009) reported that anthocyanin in anthocyanin-

rich corn silage was not decomposed by ruminal fluid, which suggests that the 

anthocyanin-rich corn is appropriate to provide a functional substance for ruminants. 

Song et al. (2012) reported anthocyanin content in colored barley was not affected in 

the ruminal fluid. Leatherwood (2014) presented that anthocyanin extract from purple-

fleshed sweet potatoes degraded significantly after 24 hours incubation in rumen fluid. 

He explained the difference about the form of anthocyanin were incubated with rumen 

fluid related with the degradation of anthocyanin in rumen fermentation. In this study, 

anthocyanin in Anthocyanin rich Napier grass was not degraded in rumen 

fermentation. 
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Table 3.11  Volatile fatty acid, pH, and NH3-N of four treatments. 

 Items Time T1 T2 T3 T4 

    P value     

SEM Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

Acetate % 6h 55.93
a
 54.36

b
 52.84

c
 52.30

c
 0.1633 0.0024 ** ** NS 

 

12h 55.14
c
 56.84

b
 57.70

a
 51.54

d
 0.1145 <0.0001 NS ** ** 

 

24h 55.58
c
 58.37

a
 56.05

b
 52.32

d
 0.0438 <0.0001 NS ** ** 

Propionate % 6h 26.01
b
 34.60

a
 36.00

a
 34.87

c
 0.2198 <0.0001 ** NS NS 

 

12h 34.38
b
 31.41

d
 32.75

c
 38.37

a
 0.0666 <0.0001 NS ** ** 

 

24h 34.16
b
 30.81

d
 32.46

c
 37.60

a
 0.0418 <0.0001 ** ** ** 

Butyrate % 6h 18.06
a
 11.04

c
 11.16

c
 12.82

b
 0.0434 <0.0001 ** * ** 

 

12h 10.48
b
 11.75

a
 9.54

c
 10.09

bc
 0.0511 0.0083 NS ** NS 

 

24h 10.26
c
 10.82

b
 11.49

a
 10.08

c
 0.0106 0.0010 * NS ** 

C2/C3 6h 2.15
a
 1.57

b
 1.47

b
 1.50

b
 0.0014 0.0002 ** NS NS 

 

12h 1.60
c
 1.81

a
 1.76

b
 1.34

a
 0.0001 <0.0001 * ** ** 

 

24h 1.63
c
 1.89

a
 1.73

b
 1.39

d
 0.0000 <0.0001 ** ** ** 

Total VFAs 

mmole/L 
6h 137.16

a
 120.46

b
 120.56

b
 111.99

c
 2.1356 0.0005 ** NS * 

 

12h 125.75b
c
 132.63

b
 122.97

c
 178.16

a
 3.7977 <0.0001 ** ** ** 

  24h 140.88
c
 148.64

b
 150.05

b
 189.48

a
 1.92725 <0.0001 ** ** ** 

a, b, c 
mean in the same row with different superscripts are significantly different (p<0.05). *, ** Mean significant different (P<0.01), 

*mean significant different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass 

(T1), Napier grass silage (T2), anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with 

additive (T4).  
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Table 3.11  Volatile fatty acid, pH, and NH3-N of four treatments (continue). 

 Items Time T1 T2 T3 T4 

    P value     

SEM Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

pH 6h 6.84 6.87 6.86 6.85 0.0067 0.5613 NS NS NS 

 

12h 6.74
b
 6.79

a
 6.74

b
 6.71

b
 0.0042 0.0064 NS ** NS 

 

24h 6.55
bc

 6.62
ab

 6.68
b
 6.54

c
 0.0104 0.0194 * NS ** 

NH3-N 

mg/DL 
6h 11.22 14.20 14.93 15.86 0.1339 0.6100 NS NS NS 

 
12h 12.62

c
 17.73

a
 15.04

b
 15.97

b
 0.1620 0.0487 * NS NS 

  24h 15.16
c
 18.52

a
 15.67

c
 16.01

b
 0.1340 0.0345 * ** NS 

a, b, c 
mean in the same row with different superscripts are significantly different (p<0.05), NS mean not significant. SEM: standard error 

of the mean. Fresh Anthocyanin rich Napier grass (T1), Napier grass silage (T2), anthocyanin rich Napier grass silage (T3) without 

additive and Anthocyanin rich Napier grass silage with additive (T4).  
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Table 3.12  Microbe population in vitro gas production 1. 

Items T1 T2 T3 T4 

    P value     

SEM Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

Total bacteria (lg10 copies/ml) 

       6h 9.26 9.42 9.29 9.38 0.01184 0.047 NS NS NS 

12h 9.74
a
 9.51

b
 9.35

b
 9.51

b
 0.01332 0.0182 ** NS NS 

24h 9.47 9.44 9.45 9.31 0.02616 0.5839 NS NS NS 

Ruminococcus albus (lg10 copies/ml) 

      6h 7.65
a
 7.65

a
 7.33

b
 7.75

a
 0.0686 0.0002 NS NS * 

12h 7.32
b
 7.68

ab
 7.75

ab
 7.87

a
 0.07877 <0.0001 * NS NS 

24h 7.32
c
 7.87

b
 7.88

b
 7.94

a
 0.26777 0.0054 NS NS NS 

Methanogen (lg10 copies/ml) 

       6h 5.57
bc

 5.83
ab

 5.88
a
 5.42

c
 0.02881 0.0016 NS NS ** 

12h 6.03
a
 6.03

a
 5.65

b
 5.72

b
 0.00938 <0.0001 ** ** NS 

24h 5.39
c
 5.78

a
 5.57

b
 5.57

b
 0.00708 <0.0001 ** ** NS 

a, b, c 
mean in the same row with different superscripts are significantly different (p<0.05). *,** Mean significant different (P<0.01), *mean significant 

different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass (T1), Napier grass silage (T2), 

anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with additive (T4). 
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Table 3.13  Microbe population in vitro gas production 2. 

Items T1 T2 T3 T4 

      P value   

SEM Treatment 
Fresh vs  

silage 

Napier vs 

Purple 

Purple vs 

additive 

Butyrivibrio fibrisolvens (lg10 copies/ml) 

     6h 6.72
b
 6.99

a
 6.96

a
 6.94

a
 0.049 0.000 * NS NS 

12h 7.03
a
 6.98

b
 7.00

ab
 7.00

ab
 0.007 <0.0001 * NS NS 

24h 6.99
ab

 7.01
a
 6.89

b
 7.02

a
 0.021 <0.0001 NS NS * 

Megasphaera  elsdenii (utilization lactic acid) (lg10 copies/ml) 
 

  6h 3.69 3.73 3.71 3.72 0.010 0.085 NS NS NS 

12h 3.97 3.78 3.73 3.71 0.063 0.099 NS NS NS 

24h 3.67 3.71 3.68 3.94 0.051 0.052 NS NS NS 

Streptococus bovis (producing lactic  (lg10 copies/ml) 
 

   6h 5.60
a
 4.94

b
 4.53

c
 4.66

c
 0.050 <0.0001 ** ** NS 

12h 5.56
a
 4.64

b
 5.20

a
 5.22

a
 0.097 0.065 * ** NS 

24h 5.44
a
 4.72

b
 4.38

b
 5.14

a
 0.067 0.003 * NS ** 

a, b, c 
mean in the same row with different superscripts are significantly different (p<0.05).  *,** Mean significant different (P<0.01), *mean 

significant different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass (T1), Napier grass 

silage (T2), anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with additive (T4).
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Table 3.14  Microbe population in vitro gas production 3. 

Items T1 T2 T3 T4 
      P value   

SEM Treatment Fresh vs  silage Napier vs Purple Purple vs additive 

Protozoa (lg10 copies/ml) 

       6h 6.04
b
 6.05

b
 6.35

a
 6.13

ab
 0.041 0.029 NS NS NS 

12h 6.05 6.05 6.19 6.21 0.034 0.052 NS NS NS 

24h 6.33 6.32 6.31 6.00 0.078 0.552 NS NS NS 

Fibrobacter succinogens (lg10 copies/ml) 
  

   6h 7.91 8.35 8.37 7.70 0.141 0.079 NS NS NS 

12h 8.40
b
 8.61

a
 8.28

c
 8.41

b
 0.012 <0.0001 NS ** ** 

24h 7.78 7.93 7.69 7.51 0.088 0.592 NS NS NS 

Ruminococcus flavefaciens (lg10 copies/ml) 
  

   6h 4.71
b
 4.93

b
 5.22

b
 6.60

a
 0.055 0.007 * ** * 

12h 6.62 6.34 5.97 6.86 0.082 0.208 NS NS NS 

24h 6.40 6.31 6.08 6.69 0.076 0.133 NS NS NS 

a, b, c 
mean in the same row with different superscripts are significantly different (p<0.05).  *,** Mean significant different (P<0.01), *mean 

significant different (p<0.05), NS mean not significant. SEM: standard error of the mean. Fresh Anthocyanin rich Napier grass (T1), Napier grass 

silage (T2), anthocyanin rich Napier grass silage (T3) without additive and Anthocyanin rich Napier grass silage with additive (T4). 

7
7
 

 

 



78 

 

 
 

 3.9.2.4  Anthocyanin degradation 

The degradation of anthocyanin of 4 treatments after 

incubation showed not significant on changing amount of anthocyanin from 0H, 3H, 

6H, 9H, 12H, and 24H. We can conclude anthocyanin cannot be absorbed in the 

rumen, this result is similar with the study of Song et al (2012), Hosada et al. (2009), 

and Leatherwood (2014). Hosada et al. (2009) reported that anthocyanin in 

anthocyanin-rich corn silage was not decomposed by ruminal fluid, which suggests 

that the anthocyanin-rich corn is appropriate to provide a functional substance for 

ruminants. Song et al. (2012) reported anthocyanin content in colored barley was not 

affected in the ruminal fluid. Leatherwood (2014) presented that anthocyanin extract 

from purple-fleshed sweet potatoes degraded significantly after 24 hours incubation in 

rumen fluid. He explained the difference about the form of anthocyanin were 

incubated with rumen fluid related with the degradation of anthocyanin in rumen 

fermentation. In this study, anthocyanin in Anthocyanin rich Napier grass was not 

degraded in rumen fermentation. 

 3.9.2.5  Conclusions 

 Anthocyanin in anthocyanin rich Napier grass effected on 

increasing gas volume, total volatile fatty acid, the number of Streptococcus bovis 

bacteria.  Anthocyanin reduced CH4 production by decreasing the number of 

Methanogen bacteria, and effected on propionic acid proportion and acetate propionate 

ratio. Anthocyanin is stable under fermentation up to 24 hours of incubation. The 

useful of anthocyanin in treatment with additive (4% molasses and 0.03% FeSO4) is 

similarly to treatment fresh grass. In rainy season, we can feeding animal with fresh 

Anthocyanin rich Napier fresh grass, in hot season, we can make anthocyanin rich 

Napier grass silage to feeding animal because the effect on rumen fermentation is 
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similar. It is called to conduct the study on animal to compare the effect of 

anthocyanin in silage. 

 

 

 

Figure 3.1  Anthocyanin content (mg/g DM) incubated with goat rumen fluid at 0, 6, 12, 

and 24 hours. 

 

3.10  Conclusion 

Addition molasses and FeSO4 enhance the stable of anthocyanin, DM, CP and 

improve digestibility of NDF, ADF. 4% molasses and 0.03% FeSO4 is the best level to 

add in silage. The result about gas production demonstrate anthocyanin effect on 

propionic acid production, development of Methanogen bacteria and enhance the 

group of Streptococcus bovis bacteria. Anthocyanin cannot be absorbed in the rumen 
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in vitro incubation. The anthocyanin rich Napier grass silage should be applied on 

feeding trial to evaluate the effect of this silage on animal performance. 
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CHAPTER IV 

EFFECT OF ANTHOCYANIN RICH NAPIER GRASS 

SILAGE ON NUTRIENT DIGESTIBILITY RUMEN 

FERMENTATION AND GROWTH PERFORMANCE IN 

GROWING GOATS 

 

4.1  Abstract 

The present research aims to investigate the effect of anthocyanin rich Napier 

grass silage on digestibility, rumen fermentation, and growth performance in meat 

growing goats. Eighteen crossbred Thai native x Anglo-Nubian meat goats (average 

BW 14.42±0.6kg) were randomly assigned to feed on one of treatment diets according 

to completely randomized design.  The goats were divided into three groups of six 

goats, each to receive Napier grass silage (negative control: T1), Anthocyanin rich 

Napier grass silage without additive (positive control: T2), and Anthocyanin rich 

Napier grass silage with 4% molasses and 0.03% FeSO4 (treatment: T3). All animals 

were offered ad-libitum daily throughout 90 days with concentrate 16% crude protein 

(1.5% body weight). The result shows a significant (p<0.05) increase in crude protein 

intake (DMI) and nutrient intakes for goats fed treatment diets; the goats fed with 

treatment had significant higher digestibility, ammonia nitrogen (NH3-N) 

concentration for 4 h post feeding in the rumen, nitrogen (N) balance, blood urea 

nitrogen (BUN), and average daily gain (ADG), body weight gain, total volatile fatty 
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acid (VFA) as well as body weight; while pH value,  and bacteria population  there 

were not significantly difference among diet treatments. The results of this study 

indicated that using anthocyanin rich Napier improved activity of non-enzymatic (total 

antioxidant capacity: TAC), effect on superoxide dismutase (SOD) antioxidant 

enzyme, and reduced lipid oxidation in plasma of growing goats. Anthocyanin rich 

Napier grass silage can be used as animal feed, that indicate to help the goat limit the 

harmful of oxidative stress from environment. 

Key Words: Napier grass, anthocyanin. Nutrient utilization, Goat. 

 

4.2  Introduction 

Anthocyanin-rich Napier grass is a cultivate of Napier grass with leaves and 

stems in purple color which pigment was made from anthocyanin to protect plant cell 

from UV radiation, oxidative stress from environmental pathogen and herbivores 

(Lev-Yadun et al., 2009). Anthocyanin is glycosides of anthocyanidin which is 

synthesized via the flavonoid biosynthetic pathway in plants (Dixon et al., 2013). They 

are a strong natural antioxidant compound appear in the color plant as a feed source 

for the animal such as purple corn, purple grass, purple rice. Silage is the best method 

to keep forage in a long time as a feed for small ruminant. Molasses was used as the 

additive in silage to made fermentation quickly by decrease pH and provide energy for 

lactic bacteria (Pipat et al., 2011). Anthocyanin-rich feedstuffs were easy to lost 

anthocyanin in ensiling progress (Song et al., 2012, Hosada et al., 2009) and stable 

when pH lower than 4. In addition, Iron (Fe) is an essential component of several 

cytochromes and iron-sulfur proteins involved in the electron transport chain and 

several important biological processes (Parish and Rhinehart, 2008; Ganz and Nemeth, 
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2006). Level of FeSO4 at 0.03%/DM was reported not effect on lamp performance and 

meat characteristics (Abdelrahim et al., 2012). The aim of this study to evaluate the 

effect of anthocyanin-rich Napier grass silage with additives on performance, rumen 

fermentation, microorganism, nutrient digestibility and antioxidant enzyme activity on 

male growing goat and compare with Napier grass silage, anthocyanin-rich Napier 

grass silage. 

 

4.3  Objectives 

This study was designed to investigate the effect of anthocyanin-rich Napier 

grass silage with additives on performance, rumen fermentation, microorganism, 

nutrient digestibility and antioxidant enzyme activity on male growing goat and 

compare with Napier grass silage, anthocyanin-rich Napier grass silage without 

additive. 

 

4.4  Materials and methods 

 4.4.1  Animals, treatments, and experimental design 

         Eighteen meat goats crossbred Thai native x Anglo Nubian an average 

body weight (BW) of 14.42±2.11 kg were allocated in Completed randomized design 

(CRD). The goats were housed in individual pens and allowed 2 weeks to adapt to the 

experimental conditions. Animals were received dietary treatments as followed: 

Negative control (T1): Napier grass silage  

Positive Control (T2): anthocyanin rich Napier grass silage 

Treatment (T3): anthocyanin rich Napier grass silage with 4% molasses and 

0.0 % FeSO4. 
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Silage was offered twice daily ad libitum; approximately at 07:00 and 17:00 h. 

concentrate was fed 1.5% BW. Diets were allowed to have 5% left over. Feed 

ingredients of the experimental diets are shown in Table 5.1. Water was available at all 

times. Animals were individually housed and intensively cared according to 

procedures of goat farm at Suranaree University of Technology.  

4.4.2  Data collection, sampling and chemical analysis 

4.4.2.1  Feed sampling 

 Feed was sampled daily during the collection period and was 

composition prior to analyses. During the last seven days of 30th, 60th and 90th days 

of fermentation. Feed samples were collected every day and divided into two parts, the 

first part be analyzed for DM, while the second part was kept and pooled at the end of 

each period for chemical analysis. Samples were dried 60°C and ground (1mm screen) 

and then analyzed for DM, ash, EE and CP content (AOAC, 1995), NDF, ADF (Van 

Soest et al., 1991), GE used  adiabatic bomb calorimeter (Parr Instrument 

Company).  Intakes and digestibility of GE, OM, CP, NDF, and ADF were calculated 

based on DMI (g/d), their concentrations (g/kg DM) in the diet components and fecal 

samples. Digestible energy (DE) content of the pasture was calculated as the 

difference between gross energy intake and the fecal energy. Digestible energy (DE) 

content of the pasture was calculated as the difference between gross energy intake 

and the fecal energy. 
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Table 4.1  Chemical composition of the experimental diets and concentrate (% DM). 

Items Concentrate T1 T2 T3 

%Dry Matter (DM) 89.75 19.83 15.09 17.98 

 %DM 

Ash 9.67 11.16 11.76 12.54 

Organic Matter 90.33 88.84 88.24 87.46 

Crude Protein 15.92 6.68 8.39 8.97 

Ether Extract 3.05 4.75 4.81 4.41 

Acid Detergent Fiber 17.25 41.81 41.17 33.08 

Neutral Detergent Fiber 54.78 72.50 71.66 62.53 

Hemicellulose 37.53 30.69 30.49 29.45 

Acid Detergent Lignin 2.82 6.74 6.27 5.79 

Crude Fiber 12.83 36.17 35.24 26.92 

Cellulose 14.44 35.07 34.90 27.29 

Gross Energy  (kcal/kg 

DM) 
3900.45 3849.01 3898.13 3818.23 

Anthocyanin (mg/kg DM) - 14.79 280.15 596.61 

Lactic acid (g/100 g DM) - 5.42 5.58 35.84 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, 

T3: Anthocyanin rich Napier grass silage with additive.  

 

4.4.2.2   Fecal and Urine samplings 

 Fecal samples were total collected and weighed during the last 

7 days of day 30
th

, 60
th

 and 90
th

. The fecal samples were collected about 5% of total 

fresh weight and divided into two parts, the first part being analyzed for DM, the 

second part kept for chemical analysis at the end of each period.  

Urine samples were collected the same time with fecal sampling, recording 

total collection and urine samples were collected 10% of total of the day acidified with 
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50% H2SO4 then mixed together of each goat after that were stored at -20°C until 

analyzed NH3-N by the method of (Bremner and Keeney, 1965). 

4.4.2.3   Blood sampling 

 Blood sample (about 10 ml) was collected from a jugular vein 

(at the same time as rumen fluid sampling) into tubes containing 12 mg of EDTA, and 

plasma was separated by centrifugation at 500×g for 10 min and stored at -20°C until 

analysis of blood urea-N (BUN) according to the method of Crocker (1967) and 

analysis antioxidant enzymes.  

The total antioxidant capacity (TAC), representing the plasma’s non-enzymatic 

antioxidative systems, was assayed using a commercial kit (Total Antioxidant 

Capacity Assay Kit MAK187; Sigma-Aldrich, Missouri, USA) with fresh plasma 

samples according to the manufacturer’s instructions. Values were expressed as nmole 

of copper reducing power per μl of plasma. 

The plasma activity of superoxide dismutase (SOD), which catalyzes the 

dismutation of superoxide anion, was measured as an endogenous enzyme using a 

commercial kit (19160 SOD determination Kit; Sigma-Aldrich, Missouri,USA) 

following the manufacturer’s instructions. Values were expressed as units per mL of 

plasma. 

The malondialdehyde (MDA) concentration in the plasma sample was 

measured as an index of lipid peroxidation by thiobarbituric acid reaction using a 

commercial kit (Lipid Peroxidation (MDA) Assay Kit MAK085; Sigma-Aldrich, 

Missouri, USA) with fresh plasma samples according to the manufacturer’s 

instructions. Values were expressed as nmole per μl of plasma. 

The Catalase (CAT) concentration in the plasma sample was measured as an 

index of antioxidant enzyme by decompostion of hydrogen peroxide using a 
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commercial kit (Lipid Peroxidation (MDA) Assay Kit MAK085; Sigma-Aldrich, 

Missouri, USA) with fresh plasma samples according to the manufacturer’s 

instructions. Values were expressed as unit per ml of plasma. 

The plasma concentration of Glutathione reductase, an enzymatic antioxidant 

catalyzes the reduction of oxidized glutathione (GSSG) to reduced glutathione (GSH), 

was analyzed by a commercial kit (Glutathione Reductase Assay Kit GRSA; Sigma-

Aldrich, Missouri, USA) according to the manufacturer’s instructions. The assay was 

performed with extracts prepared immediately from the fresh plasma samples. Values 

were expressed in unit per mL of plasma. 

The plasma concentration of Glutathione-S-Transferase (GST), a group of 

enzymes detoxicate xenobiotics in  the mammals, was analyzed by a commercial kit 

(Glutathione-S-Transferase (GST) Assay Kit CS0410; Sigma-Aldrich, Missouri, USA) 

according to the manufacturer’s instructions. The assay was performed with extracts 

prepared immediately from the fresh plasma samples. Values were expressed in umole 

per ml per min of plasma. 
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Table 4.2  Gene sequences. 

Items Forward/Reward Primer sequence (5'- 3')  Temperature (
o
C) References 

Total bacteria F CGGCAACGAGCGCAACCC 55 Koike et al(2001) 

 

R CCATTGTAGCACGTGTGTAGCC 
  

Ruminococcus albus F CCCTAA AAGCAG TCTTAGTTCG 55 Koike et al(2001) 

 

R CCTCCTTGCGGTTAGAACA 
  

Ruminococcus flavefaciens F TCTGGAAACGGATGGTA 60 Koike et al(2001) 

 

R CCTTTAAGACAGGAGTTTACAA 
  

Fibrobacter succinogens F GTTCGGAATTACTGGGCGTAAA 55 Lane (1991) 

 

R CGCCTGCCCCTGAACTATC 
  

Methanogen F TTCGGTGGATCDCARAGRGC 58 Denman et al., (2006) 

 

R GBARGTCGWAWCCGTAGAATC 
  

Protozoa F CTTGCCCCTCYAATCGTWCT 55 Sylwesters etal. (2004) 

 

R GCTTTCGWTGGTAGTGTATT 
  

Butyrivibrio fibrisolvens F ACACACCGCCCGTCACA 58 Klieve  et al(2003) 

 
R TCCTTACGGTTGGGTCACAGA 

  
Megasphaera  elsdenii F GACCGAAACTGCGATGCTAGA 59 Klieve  et al(2003) 

 

R CGCCTCAGCGTCAGTTGTC 
  

Streptococus bovis  F TTCCTAGAGATAGGAAGTTTCTTCGG 58 Klieve  et al(2003) 

  R ATGATGGCAACTAACAATAGGGGT     

 

 
9

3
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4.4.2.4   Rumen fluid sampling 

 Rumen fluid samples were collected by stomach tube at 0, 2 and 4 

h-post morning feeding in the day 30
th
, 60

th
 and 90

th
. Approximately 300 ml of rumen fluid 

was taken using stomach tube at each time at the end of each period. Rumen fluid was 

immediately measured for pH using a portable pH meter. Rumen fluid samples were then 

filtered through four layers of cheesecloth. Samples were divided into three portions; first 

portion was used for NH3-N analysis where 20 ml of 50% HCl solution was added to 80 ml 

of rumen fluid. The mixture was centrifuged at 16,000g for 15 minutes and supernatant was 

stored at -20C prior to NH3-N measurement (Bremner and Keeney, 1965) and VFA 

analysis (HPLC; model RF-10AXmugiL; Shimadzu; Japan) according to Zinn and Owens 

(1986). Second portion was collected for microbial analyzed DNA technique.  

 

Table 4.3  HPLC conditions for the analysis of organic acid.  

Items Conditions 

Column SBC18 

Detector UV, 240 nm 

Flow rate 0.7 ml/min 

Solvent A: KH2PO4 0.1 mM pH 2.4 

B: Acetonitrile  

Absorbance 240 nm 

Injection volume 20μl 

 

The pH and volatile fatty acids were determined by pH meter and high-

performance liquid chromatography (HPLC), respectively. The HPLC condition for 

analysis VFAs was shown in table 4.3.  For anthocyanin analysis, 300 grams of silage 

sample was lyophilized, ground and extracted using 0.01N HCl -80% Methanol 

solution and determined by spectrophotometer and HPLC. The HPLC conditions for 

the analysis of anthocyanin was shown in Table 4.4. 
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Table 4.4  HPLC conditions for the analysis of anthocyanin.  

Items Conditions 

Column SBC18 

Detector UV, 520 nm 

Flow rate 0.8 ml/min 

Solvent A: 10% acetic acid, 5% acetonitrile, and 1% 

phosphoric acid 

B: Acetonitrile  

Absorbance 520 nm 

Injection volume 20μl 

 

4.4.3  Data Statistical Analysis 

 All data obtained from the experiment were statistically subjected to 

ANOVA and analyzed as a Complete Randomized Design (CRD) design using the 

PROC GLM (SAS, 1998). Significant differences between treatments were 

determined using Duncan’s News Multiple Range Test (DMRT) (Steel and Torrie, 

1980) and orthogonal contrast was used for trend analysis. The following statistical 

model was used:   

ijk   =  + τi + ij 

Where ij  =   represents of observation from animals 

  =  overall mean 

τi  =  Effect of treatment (i = 1-3) 

ij  =  Error of the term (j=1-6) 

 

4.5  Results and discussions 

4.5.1    Feed intake  

 Feed intake data are presented in table 4.5. Feed intake were no 

significantly different (p>0.05) among Napier grass silage, Anthocyanin rich Napier grass 
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silage without additive, and Anthocyanin rich Napier grass silage with additive (362.87, 

334.07 and 354.92 g DM/d respectively). When compared by percentage of body weight 

and gram per kilo gram body weight 0.75 (g/kg BW
0.75

) found no significant (p>0.05). 

The anthocyanin content in silage do not effect on the feed intake of goat. 

 

Table 4.5  Effect of treatments on feed intake, nutrient intake of growing meat goats. 

Items T1 T2 T3 SEM P-value 

Feed intake 
     

g DM/d 362.87 334.07 354.92 0.75 0.36 

 %BW 2.37 2.12 2.22 0.05 0.30 

g/kgBW
0.75

 46.87 42.12 44.32 0.05 0.28 

Nutrient intake  
     

OMI g DM/d  325.31 299.01 316.01 0.71 0.36 

CPI g DM/d  40.85
b
 41.61

b
 48.25

a
 0.27 0.01 

EEI g DM/d  13.88 12.52 13.01 0.15 0.23 

NDFI g DM/d  228.09 205.22 206.85 0.59 0.16 

ADFI g DM/d  103.22
a
 89.11

b
 86.59

b
 0.40 0.02 

ANI mg DM/d 1.65
c
 65.73

b
 104.62

a
 0.41 0.001 

a, b, c
 mean  in the same row with different superscript differ (p<0.05). T1: Napier grass 

silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin 

rich Napier grass silage with additive.DM= dry matter, BW= bodyweight, OMI= 

Organic matter intake, CPI= crude protein intake, EEI= ether extract intake, NDFI= 

neutral detergent fiber intake, ADFI= acid detergent fiber intake, ANI: anthocyanin 

intake, and SEM = Standard error of the mean.  

 

  Crude protein intake per day was apparent (p<0.05) highest level in goats fed 

anthocyanin rich Napier grass silage with additive (48.25 g DM/d), Anthocyanin rich 

Napier grass no additive (41.61 g DM/d), and Napier grass silage (40.85 g DM/d). 

Organic matter intake, ether extract intake, and neutral detergent fiber intake were not 

different among treatment. Acid detergent fiber intake in treatment T1 is highest value 

(103.22 g DM/d), significant different with treatment T2 and T3 (89.11 and 86.59 g 

DM/d, respectively) with P=0.02. Anthocyanin intake in treatment T3 is significant 
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higher treatment T2 and T1 (124.76, 62.15, and 1.64 mg DM/d, respectively P=0.01). 

In treatment T3 and T2, the CP is higher than T1 (8.97, 8.39 in compare to 6.68%, 

table 4.1), the goats received similarly concentrate intake, so the amount of CP were 

different from the silage composition. For anthocyanin and ADF were explain in the 

same way. Three treatments were different mainly about anthocyanin content to 

evaluate the effect of anthocyanin pigment on feed intake and nutrient intake. In the 

study of Bureenok et al. (2012), DM intake of silage was significantly higher when 

molasses was used as a silage additive as compare to the use of cassava meal resulted 

in the lowest DM intake of Napier grass silage. Hosada et al. (2012a) reported that 

anthocyanin corn silage was not effect on the feed intake of animal. In this study, the 

different about nutrient intake from the chemical composition of the silage. 

 

Table 4.6  Effect of treatments on apparent digestibility of growing meat goats. 

Items T1 T2 T3 SEM P-value 

Apparent Digestibility, % of intake       

DDM 71.99
c
 80.67

b
 83.61

a
 0.78 0.020 

DOM 73.72
c
 82.48

b
 85.32

a
 0.74 0.010 

DCP 75.16
c
 81.51

b
 84.74

a
 0.90 0.040 

DEE 45.04
c
 61.22

b
 68.87

a
 1.07 0.010 

DNDF 67.60
b
 78.99

ab
 82.33

a
 0.80 0.010 

DADF 52.22
b
 68.79

ab
 72.24

a
 0.99 0.010 

MCP(g/day) 31.29 32.04 35.04 0.62 0.260 
a, b, c

 Mean  in the same row with different superscript differ (p<0.05); T1: Napier grass 

silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin 

rich Napier grass silage with additive,  MCP = Microbial crude protein (kg/d) = 

0.13*kg DOMI; SEM = Standard error of the mean.  

 

4.5.2    Nutrient digestibility 

          Nutrient digestibility was shown in table 4.6. Digestibility of DM, OM, 

EE, CP, NDF, and ADF was different among treatments (p<0.05). DM, OM, EE, CP, 
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NDF, and ADF digestibility of anthocyanin rich Napier grass silage with additive was 

highest and significant different when compared with other treatments. No significant 

difference was observed in the digestibility of gross energy and microbial crude 

protein. According to Bereenok et al. (2012), addition of molasses to Napier grass 

versus no additive resulted in a 1.4 times higher intake of silage, the silages prepared 

with molasses are advantageous to stimulate dry matter intake. The increase in DM 

and OM digestibility for silages ensiled with molasses are in line with the observed 

lower NDF and ADF content of this silage. Thus, it has been discussed that the aerobic 

stability of the silage with molasses was increased thereby potentially preventing the 

growth of spoilage organisms (Danner et al., 2003). On the other hand, addition of Fe 
3+

 

increased the degradation of fiber in silage (Wang et al., 2018) by increasing the 

hydrolysis of lignocellulose to sugar, which is fermentable to acid or enzyme. 

Inclusion, Anthocyanin rich Napier grass silage with additive (4% molasses and 

0.03% FeSO4) is the good feed for goat by increasing the digestibility of the silage. 

4.5.3    Nitrogen balance 

 The effect of dietary treatments on nitrogen (N) utilization is presented 

in table 4.7. These present results expressed nitrogen retention as the cumulative 

nitrogen balances. N intake, N absorbed, and N balance, were higher significant 

different (p<0.01) level in goats fed treatment T3 have additive compared with both of 

negative control T1 and positive control T2, while N in urine and N in feces were not 

significant different level among treatments (p>0.05). Moreover, N absorption (% of N 

intake) and N balance (% of N intake) of treatment T3 significant different when 

compared with negative control (T1) and positive control (T2). Therefore, animals fed 

with Anthocyanin rich Napier grass Silage with 4% molasses and 0.03% FeSO4 was 
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improved retention of nitrogen. This results in agreement with Yokota et al. (1992) 

that molasses improve the nutrient digestibility so nitrogen absorbed were increase.  

4.5.4   Average daily gain and body weight change 

           Effect of treatments on daily gain and body weight change of growing 

meat goats was shown in table 4.8. Treatment 3 was increased average daily gain 

(ADG) apparent significantly (p<0.05) when compared to negative control and positive 

control, 46.63, 38.49 and 34.13 g/d, respectively. The data about weight change is 

similar with daily gain because nitrogen intake and nitrogen absorb of treatment 3 is 

higher than treatment 2 and 1, so the body weight is heavier. According to Mohammad 

et al. (2015), the Napier silage showed the lower BW gain compared to the animals fed 

other treatments, he indicated that Napier silage is a low-quality roughage. Besides, 

Khaing et al. (2016) reported that Napier grass silage is low in voluntary intake and that 

it can only provide the required amount of energy and protein for maintenance. Addition 

molasses and FeSO4 was improved the body weight of goat. 

 

Table 4.7 Effect of treatments on nitrogen digestibility of growing meat goats. 

Items T1 T2 T3 SEM P Value 

N intake g/d 6.54
b
 6.65

b
 7.72

a
 0.25 0.014 

Fecal N excreted g/d 1.59 1.23 1.19 0.19 0.140 

Urine N excreted g/d 0.43 0.38 0.32 0.12 0.546 

N digestibility (g/d) 4.94
b
 5.42

b
 6.53

a
 0.25 0.003 

N retention g/d) 4.52
b
 5.05

ab
 6.21

a
 0.25 0.002 

%N digestibility 75.16
c
 81.51

b
 84.74

a
 0.90 0.040 

%N retention 68.66
b
 75.81

ab
 80.42

a
 0.74 0.009 

a, b, c
 Mean  in the same row with different superscript differ (p<0.05); N=nitrogen. T1: 

Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, T3: 

Anthocyanin rich Napier grass silage with additive. SEM = Standard error of the mean 
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Table 4.8  Effect of treatments on daily gain and body weight change of growing 

meat goats. 

Items T1 T2 T3 SEM P-value 

Body weight 
     

Initial weight, kg 14.38 14.42 14.45 0.45 0.99 

Final weight, kg 17.25
b
 17.65

b
 18.37

a
 0.44 0.04 

Weigh change, kg 2.87
c
 3.23

b
 3.92

a
 0.26 0.04 

ADG, g/d 34.13
b
 38.49

b
 46.63

a
 1.06 0.04 

a, b, c
 Mean  in the same row with different superscript differ (p<0.05), ADG= average 

daily gain. T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without 

additive, T3: Anthocyanin rich Napier grass silage with additive. SEM = Standard 

error of the mean 

 

4.5.5    Blood urea nitrogen 

 Blood BUN was shown in table 4.9. No significant different can find among 

3 treatments. Treatment 3 tend to higher than treatment 2 and 1 because Nitrogen absorb in 

treatment 3 is better than others. The mean BUN in this study was range from 16.26-21.89 

mg%. It was similar with the optimal level in normal goats which has been reported by 

Lloyd (1982), the range of BUN start from 11.2 to 27.7 mg%. Preston et al. (1965) reported 

that the concentration of BUN is correlated to the level of ammonia production in the 

rumen. Furthermore, Wanapat et al. (2008) suggested that concentrations of blood urea N 

are highly correlated to the concentration of NH3-N production in the rumen.  

4.5.6    Rumen fermentation characteristics 

 Nitrogen-N and pH was shown in table 4.9. Volatile fatty acid and total 

volatile fatty acid were shown in table 4.10. No significant different were observed in 

the pH and NH3-N in rumen fluid. Acetic acid production was significant among 3 

treatments at H0 and H2 (P<0.05) but not significant at 4H. Mean of acetic acid show 

that treatment 2 is highest (59.35% total VFAs), next to treatment 1 (57.43% TVFAs) 
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and treatment 3 (52.9% TVFAs). In contrast, propionic acid treatment T3 is significant 

higher than others with P<0.05. Butyric acid production different at H2 and H4 but 

mean is not different. C2/C3 ratio shows that at H4 no different but significant in 

mean. Mean of total VFAs production is highest in treatment 3 (243.18 mmole/l), 

treatment 2 (211.06 mmole/l) and treatment 1(194.76 mmole/l) with P<0.05.  

 

Table 4.9  Effect of treatments on blood urine nitrogen (BUN), nitrogen and pH in 

rumen fluid of growing meat goats. 

Items T1 T2 T3 SEM P-value 

BUN mg/DL 
     

0h 16.26 16.95 17.82 0.46 0.47 

2h 20.01 20.79 21.89 0.52 0.51 

4h 18.67 19.37 20.72 0.51 0.42 

Mean 18.31 19.04 20.15 0.49 0.45 

NH3-N mg/L 
     

0h 17.89 18.17 19.29 0.58 0.50 

2h 19.55 18.95 20.12 0.47 0.90 

4h 15.06 14.73 15.48 0.50 0.88 

Mean 17.5 17.28 18.3 0.48 0.74 

pH 
     

0h 7.21 7.21 7.14 0.10 0.38 

2h 6.71 6.73 6.66 0.11 0.55 

4h 6.80 6.78 6.67 0.11 0.21 

Mean 6.90 6.90 6.82 0.10 0.29 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, 

T3: Anthocyanin rich Napier grass silage with additive. h: hour, NH3-N: ammonia 

nitrogen, BUN: blood urine nitrogen. SEM = Standard error of the mean 

 

Muia et al. (2000) reported that the values of pH were in the range of 6.3-7.0 

and Erdman (1988) stated that the pH value were 6.0-7.0 in ruminant fluid, where the 

activity of rumen microbial population was optimal for growth and absorption VFA 

(Dijkstra et al., 1993). In this study, the pH of three treatments at 2 and 4 hours post 

feeding were from 6.6 to 6.9, which was suitable for the activity of microbe in digestion.  

 

https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#1509299_ja
https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#140832_ja
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Detmann et al. (2009) reported the concentration of NH3-N has been used as a 

qualitative reference to detect the microbial activity in fibrous carbohydrates in the 

rumen. According to Leng (1990), the level of NH3- N within the range of 10-20 mg 

dL-1 is required to optimize digestion of fibrous feed for rumen microorganisms. In 

the present study, the average ruminal fluid NH3- N concentrations of goats in all diets 

from 15.06 to 20.12 mg dL-1, it indicates the level of NH3-N obtained in all dietary 

treatments were sufficient for optimum rumen fermentation and microbial growth. In 

treatment T3 tend to higher than T1 and T2. 

According to Firkins et al. (2006) proportion of VFA produced in the rumen 

depends largely on the composition of diets consumed by the ruminant in particular 

the fractions contained in the feed. The production of VFA in the rumen is affected by 

numerous factors such as substrate composition and availability of specific types of 

rumen microbes to degrade the received diets (Dijkstra, 1994). High fiber diet has 

resulted in greater proportions of acetate, whereas diet with high starch content has 

resulted in greater proportions of propionate. All of the goats resumed the same 

concentrate and different about silage, treatment T3 with additive was low in acetate 

but high in propionate proportion as compare to T1 (Napier grass silage) and T2 

(anthocyanin rich Napier grass silage without additive). This study was in agreement 

with Kariuki et al. (2001) who reported that a high proportion of acetate and low 

proportion of propionate were observed in Napier grass diet.  

Firkins et al. (2006) reported that high degradation of fiber in the diets will 

produce a high proportion of acetic acid and low amount of propionic acid in the 

rumen. On the other hand, when the content of starch and sugar level was increased in 

the diet, the proportion of acetic acid decreased; resulting in the increased of propionic 

acid concentration (Leek, 1993). Kariuki et al. (2001) and Widiawati (2009) have 

 

https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#1510073_ja
https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#301393_ja
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reported that if the level of propionic acid is increased, the energy of the ruminant 

ration were more efficiently used.  

 

Table 4.10  Effect of treatments on volatile fatty acid in rumen fluid of growing meat 

goats. 

Items T1 T2 T3 SEM P-value 

Acetate (%) 

     0h 59.86
a
 56.23

a
 47.77

b
 0.76 0.01 

2h 54.13
b
 60.96

a
 53.26

b
 0.60 0.01 

4h 58.3 60.86 57.66 0.63 0.44 

Mean 57.43
b
 59.35

a
 52.90

c
 0.59 0.02 

Propionate (%) 
     

0h 28.70
b
 32.00

b
 37.77

a
 0.72 0.03 

2h 35.68
b
 26.69

c
 37.33

a
 0.66 0.01 

4h 28.49
b
 23.19

c
 29.80

a
 0.63 0.03 

Mean 30.96
b
 27.30

c
 34.97

a
 0.57 0.01 

Butyrate (%) 
     

0h 11.44 11.77 14.46 0.51 0.14 

2h 10.19
b
 12.35

a
 9.41

b
 0.42 0.03 

4h 13.21
b
 15.95

a
 12.54

b
 0.44 0.02 

Mean 11.61 13.35 12.14 0.37 0.14 

C2:C3 
     

0h 2.35
a
 2.07

a
 1.48

b
 0.23 0.04 

2h 1.60
b
 2.39

a
 1.51

b
 0.20 0.01 

4h 2.14 2.74 2.06 0.22 0.07 

Mean 2.03
b
 2.40

a
 1.68

c
 0.18 0.01 

Total VFAs (mmol/L) 
     

0h 177.88
c
 178.10

b
 222.39

a
 1.68 0.03 

2h 203.35
c
 241.28

b
 265.73

a
 1.60 0.01 

4h 203.06
c
 213.79

b
 241.41

a
 1.34 0.01 

Mean 194.76
c
 211.06

b
 243.18

a
 1.42 0.01 

a, b, c
 Mean  in the same row with different superscript differ (p<0.05), T1: Napier grass 

silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin 

rich Napier grass silage with additive. h: hour, VFAs: total volatile fatty acids. SEM = 

Standard error of the mean 
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Addition molasses and FeSO4 enhance anthocyanin content and increase the 

lactic acid in silage, which stimulate the group of bacteria, which produce propionate 

from lactate in rumen such as Mesasphaera elsdenii (Kung, 2010). Propionate is an 

important precursor for gluconeogenesis and increased propionate concentrations in the 

rumen has resulted in increased of glucose synthesis, providing more energy to the 

animals, increasing production response. According to Weinberg et al (2004), lactic acid 

bacteria from silage was used as probiotic which improve the host animal’s intestinal 

microbial balance. In the rumen butyric acid also is primarily used as a source of energy 

for the host animal (McDonald et al., 2002) but in this study the mean of butyrate 

proportion was not significant different. The different was found after feeding 2 and 4 

hours because the animal transfer their status from low energy-before feeding to high 

energy- after feeding, so the amount of butyrate change to the diet but the mean is 

similarly. It mean three treatments did not effect on butyrate proportion.  

Leedle et al. (1995) stated that the proportion of butyric acid has significantly 

increased when the diet is changed from a low energy diet with a high energy diet. In 

contrast, addition additive in treatment T3 increase the total volatile fatty acids and 

decrease the ratio of acetate to propionate. It can be explain by the number of total 

bacteria in treatment T3 tend to higher than treatment T1 and T2 (table 4.10). 

Treatment T3 provide a large of total volatile fatty acid, especially propionate, so the 

resulted in increasing the bodyweight of this treatment was better than others. 

4.5.7    Rumen micro-organism population 

            Table 4.11, 4.12, and 4.13 illustrated the result on ruminal 

microorganism population affected by 3 treatments. No significant different on total 

bacteria, Ruminococcus albus, Methanogen, Butyrivibrio fibrisolvens, Megasphaera  

elsdenii, Protozoa, Fibrobacter succinogens, Ruminococcus flavefaciens bacteria but 
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significant different on number of Streptococus bovis copies/ml among 3 treatments. 

Treatment 2 is highest (4.636 log10 copies/ml), treatment 1 (4.363 log10 copies/ml) 

and treatment 3 (4.353 log10 copies/ml) with P<0.05.  

 

Table 4.11  Effect of treatments on total bacteria, Ruminococcus albus, Methanogen 

bacteria in rumen fluid of growing meat goats. 

Items T1 T2 T3 SEM P-value 

Total bacteria (lg10 copies/ml) 
   

0h 9.38 9.54 9.58 0.19 0.51 

2h 9.27 9.40 9.38 0.15 0.43 

4h 9.40 9.45 9.56 0.19 0.67 

Mean 9.35 9.46 9.51 0.17 0.53 

Ruminococcus albus (lg10 copies/ml) 

  0h 5.84 5.94 5.88 0.35 0.99 

2h 5.68 5.63 5.84 0.37 0.95 

4h 5.57 5.92 5.76 0.35 0.85 

Mean 5.70 5.83 5.83 0.35 0.97 

Methanogen (lg10 copies/ml) 

   0h 6.59 6.49 6.48 0.24 0.91 

2h 6.61 6.64 6.41 0.22 0.59 

4h 6.50 6.26 6.31 0.20 0.47 

Mean 6.57 6.46 6.40 0.22 0.77 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, T3: 

Anthocyanin rich Napier grass silage with additive. SEM = Standard error of the mean 

 

In addition, diet is one of the main factors influencing the rumen microbial 

populations and specifically the milieu of substrate derived from microbial 

fermentation of ingested feed (Carberry et al., 2012). Fiber degradability mainly 

depends on the accessibility of rumen microbes which may be influenced by the 

morphological structure and chemical composition of the fibrous tissue (Ngwe et al., 

2012). The predominant rumen cellulolytic bacteria are Ruminococcus albus, 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=chemical+composition
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Fibrobacter succinogens, and Ruminococcus flavefaciens (Hobson and Stewart, 1997) 

and they possess a greater ability to degrade fiber than other cellulolytic bacteria 

species (Carberry et al., 2012). According to Lettat (2011), the effect of diets on the 

growth of cellulolytic bacteria varies due to changes of pH, the capacity of the 

different species to adapt to dietary changes and the interactions among different 

bacterial species.  

Besides, Carberry et al (2012) reported that the populations of protozoa have a 

negative relationship with the level of propionate, whereas, positive relationship 

appears when butyric acid is present, treatment T3 was high in propionate proportion 

and the number of protozoa was not different as compare to others but the number of 

Methanogen bacteria showed a trend to lower than treatment T1 and T2. This is in 

agreement with Leatherwood (2014) reported that high concentration of propionate 

will effect on methane expression. The high production of propionic acid in T3 diets 

that reduces the uses of hydrogen availability by rumen methanogen and inhibits the 

activity of their population (Martin et al., 2010; Hook et al., 2011). Similarly, animals 

fed with high fiber in diet 1 resulted in more production of acetic acid together with 

high production of hydrogen and leading to an increase number of methanogenic 

archaea (Adeyosoye et al., 2010).  

The relationship of anthocyanin content and the number of protozoa and 

methanogen bacteria was not clear, from this study, the results show that a lightly 

effect of treatment high in anthocyanin content on propionate producing and 

methanogen group. Butyrivibrio fibrisolvens is the group of bacteria, which are 

responsible for ruminal biohydrogenation (Shokryazdan et al., 2016) but no significant 

about the number of this bacteria among treatments. 

 

 

https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#753445_ja
https://scialert.net/fulltextmobile/?doi=ajas.2016.1.14#1509275_ja
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Table 4.12  Effect of treatments on Butyrivibrio fibrisolvens, Megasphaera  elsdenii, 

Streptococus bovis bacteria in rumen fluid of growing meat goats. 

Items T1 T2 T3 SEM P-value 

Butyrivibrio fibrisolvens (lg10 copies/ml) 
  

0h 6.99 7.02 7.04 0.08 0.13 

2h 6.86 6.95 6.80 0.11 0.10 

4h 6.90 6.88 6.96 0.10 0.29 

Mean 6.92 6.95 6.94 0.30 0.52 

Megasphaera  elsdenii (utilization lactic acid) (lg10 copies/ml) 

0h 4.23 4.26 4.39 0.14 0.25 

2h 4.28 4.42 4.41 0.17 0.50 

4h 4.38 4.47 4.47 0.16 0.73 

Mean 4.30 4.39 4.43 0.26 0.52 

Streptococus bovis (producing lactic  (lg10 copies/ml) 

 0h 4.45 4.54 4.61 0.16 0.49 

2h 4.28
b
 4.27

b
 4.64

a
 0.13 0.01 

4h 4.32
b
 4.27

b
 4.65

a
 0.11 0.01 

Mean 4.35 4.36 4.64 0.13 0.02 
a, b, c

 Mean  in the same row with different superscript differ (p<0.05). T1: Napier grass 

silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin 

rich Napier grass silage with additive. SEM = Standard error of the mean 

 

When ruminants are fed high concentrate diets, Streptococcus bovis proliferates 

rapidly to produce lactic acid, easily causing rumen acidosis (Chen et al., 2016). 

Megasphaera elsdenii is an anaerobic gram-negative bacterium that consumed 60 to 

80% of the lactic acid metabolism in the rumen (Counotte et al., 1981), it is an ideal 

candidate for aiding in the mitigation of lactic acidosis and use as probiotic for animal. 

The relationship between two groups effect on the host animal healthy. In this study, 

treatment T3 was low in Streptococcus bovis population but high in Megasphaera 

elsdenii population.  In contrast, treatment T1 was high in in Streptococcus bovis 

population but high in Megasphaera elsdenii population. We can explain the substrate 

for lactic acid bacteria utilize in treatment T3 is lower than treatment 1 and 2 because the 

carbohydrate source was used by lactic bacteria in silage to make lactic acid. Thus, lactic 

acid in silage treatment 3 is higher treatment 1 and 2 (table 4.1). This result indicated the 
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relationship of anthocyanin and lactic acid in silage on changing the number of 

Megasphaera elsdenii and Streptococcus bovis population in rumen fluid. High 

anthocyanin content followed to high lactic acid in silage, high lactic acid in silage 

increased the number of lactic acid utilization bacteria (Megasphaera elsdenii) and 

decreased the number of lactic acid producing bacteria (Streptococcus bovis). 

 

Table 4.13  Effect of treatments on Protozoa, Fibrobacter succinogens, 

Ruminococcus flavefaciens bacteria in rumen fluid of growing meat goats. 

Items T1 T2 T3 SEM P-value 

Protozoa (lg10 copies/ml) 
   

0h 6.33 6.26 6.26 0.19 0.90 

2h 6.15 6.31 6.26 0.18 0.63 

4h 6.18 6.37 6.15 0.19 0.45 

Mean 6.22 6.31 6.22 0.19 0.83 

Fibrobacter succinogens (lg10 copies/ml) 

 0h 6.44 6.19 6.15 0.25 0.63 

2h 5.75 5.80 6.04 0.27 0.69 

4h 5.80 5.99 6.24 0.27 0.49 

Mean 5.99 5.99 6.15 0.26 0.88 

Ruminococcus flavefaciens (lg10 copies/ml) 

 0h 6.31 6.31 6.07 0.38 0.86 

2h 6.43 6.31 6.30 0.16 0.42 

4h 6.47 6.05 6.16 0.23 0.22 

Mean 6.40 6.22 6.18 0.26 0.63 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, T3: 

Anthocyanin rich Napier grass silage with additive. SEM = Standard error of the mean 

 

4.5.8  Antioxidant enzymes activity 

 Antioxidant enzymes activity in plasma was shown in table 4.14. The 

total antioxidant capacity (TAC), representing the plasma’s non-enzymatic 

antioxidative systems, the plasma activity of superoxide dismutase (SOD), which 

catalyzes the dismutation of superoxide anion and the malondialdehyde (MDA) 

concentration in the plasma sample were significant different among three treatments.  
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The goat from treatment T3 fed highest amount of anthocyanin so increased 

TAC and decreased SOD and MDA in plasma with P<0.05. But CAT, GST, GSH and 

cholesterol were not significant. Anthocyanin effect on antioxidant enzyme activities 

include SOD, TAC and MDA but tend to effect on CAT, GR, GSH and cholesterol. 

The study of Hosada et al. (2012a, 2012b, 2012c) show the improving in the value of 

TAC and SOD when supplement the feedstuff contain anthocyanin pigment. 

 

Table 4.14  Effect of treatments on Antioxidant enzymes activity in plasma of 

growing meat goats. 

Items T1 T2 T3 SEM P-value 

TAC nmole/μl 0.25
b
 0.32

b
 0.36

a
 0.06 0.00 

SOD unit/ml 40.89
a
 34.34

b
 31.97

b
 0.72 0.03 

MDA nmole/μl 0.44
a
 0.40

ab
 0.37

b
 0.05 0.05 

CAT unit/ml 244.0 305.9 365.6 2.96 0.10 

GR umole/ml/min 192.4 239.3 284.0 2.57 0.10 

GSH unit/ml 2.0 2.4 2.9 0.26 0.11 

Cholesterol mg% 68.1 62.4 61.2 1.07 0.58 

a, b
 Mean  in the same row with different superscript differ (p<0.05). T1: Napier grass 

silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin 

rich Napier grass silage with additive. TAC= total antioxidant capacity, SOD= 

superoxide dismutase. MAD= Malondialdehyde, CAT= catalase, GR= glutathione 

reductase, GST= glutathione S-transferase. SEM = Standard error of the mean 

 

4.6  Conclusions 

Anthocyanin rich Napier grass silage with 4 % molasses and 0.03% FeSO4 can 

be used as animal feed, that was indicator by apparently increased of CP intake, 

nutrient intakes, nutrients digestibility, N utilization, and ADG as well as body weight 

gain of growing goats. In addition, Anthocyanin rich Napier grass silage with additive 

enhance the number of Streptococcus bovis and tend to reduce Methanogen bacteria 
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group in rumen fluid, resulted om methane emission. Using Anthocyanin rich Napier 

silage improved activity of antioxidant enzymes and help the animal limit the harmful 

of oxidative stress from environment. 
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CHAPTER V 

EFFECT OF ANTHOCYANIN RICH NAPIER GRASS 

SILAGE WITH ADDITIVES ON OXIDATION STATE 

AND ANTIOXIDANT ENZYME ACTIVITY IN PLASMA 

OF THE NATURALLY  HAEMONCHUS CONTORTUS 

INFECTED  GOAT  

 

5.1  Abstract 

The present research aims to evaluate the effect of anthocyanin rich Napier 

grass silage on oxidative state and antioxidant enzyme activity in the growing goats. 

Eighteen crossbred Thai native x Anglo-Nubian meat goats (average BW 23.78 

±2.4kg) were randomly assigned to feed on one of treatment diets according to 

completely randomized design.  The goats were divided into three groups of six goats 

each to receive Napier grass silage (negative control), Anthocyanin rich Napier grass 

silage without additive (positive control), and Anthocyanin rich Napier grass silage 

with 4% molasses and 0.03% FeSO4 (treatment). All animals were offered ad-libitum 

daily throughout 90 days with concentrate 16% crude protein (1.5% body weight). The 

result shows a significant (P<0.05) increase in ADF, CP, anthocyanin, total phenol, 

and condensed tannin intake; improving red blood cell (RBC), white blood cell 

(WBC), and hematocrit (HCT) parameter in goat blood; enhancing activity of  catalase 

(CAT), glutathione reductase (GR) and glutathione-s-tranferase (GST) antioxidant 
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enzyme and reducing lipid oxidation (MDA), superoxide dismutase (SOD), and 

antioxidant state (TAC) in goat plasma. Fecal egg count (FEC) was reduced after 4 

week feeding and body weight was increased better. With the Haemonchus conturtus 

injected goat, using Anthocyanin rich Napier silage improved activity of antioxidant 

enzymes and help the goat inhibit oxidative stress from parasite injection.   

Keywords: Anthocyanin rich Napier grass, Haemonchus conturtus, oxidative stress, goat  

 

5.2  Introduction 

Oxidative stress is negative imbalance between antioxidants and free radicals 

from high concentrations of by-product of Reactive oxygen species (ROS) in 

physiological processes of biological systems (Betteridge, 2000). Oxidative stress is a 

normal occurrence during the immune system’s inflammatory response to infection or 

injury. Inflammation plays a vital role in the body’s response to pathogens and tissue 

damage. Some factors such as mastitis, reproductive disorders, parasitic infections, 

metabolic changes mediated by ROMs (reactive oxygen metabolites, milk production, 

heat-stress), feed quality, imbalance nutrient and management which make oxidative 

stress in ruminant (Celi, 2010, Celi, 2011 and Celi et al., 2015).  Parasitic diseases 

seem to be a causative source of oxidative stress, indeed, several studies have reported 

on the presence of oxidative stress in small ruminant infected with parasites 

(Esmaeilnejad et al., 2012a, Esmaeilnejad et al., 2012b, Angulo-Valadez et al., 2011, 

Dey et al., 2010) as well as the antioxidant defense mechanism that exists between 

parasites and the mammalian host. Anthocyanin rich Napier grass is a cultivate of 

Napier grass with leaves and stems in purple color which pigment was made from 

anthocyanin to protect plant cell from UV radiation, oxidative stress from 
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environmental pathogen and herbivores (Lev-Yadun et al., 2009). The results of the 

previous study indicated that using anthocyanin rich Napier improved activity of 

nonenzymatic (total antioxidant capacity: TAC), effect on superoxide dismutase 

(SOD) antioxidant enzyme, and reduced lipid oxidation in plasma of growing goats. 

Anthocyanin rich Napier grass silage can be used as animal feed, that indicate to help 

the goat limit the harmful of oxidative stress from environment. Hence, this study were 

conducted to evaluate effect on anthocyanin rich Napier silage with additive on 

antioxidant status in plasma of natural Haemonchus contortus infected growing goat. 

 

5.3  Objectives 

To compare the feeding time and the effect of Anthocyanin rich Napier grass 

silage with additives on oxidative status and antioxidant enzyme activity of growing 

goat plasma under naturally Haemonchus contortus infection condition and compare 

with Napier grass silage, anthocyanin-rich Napier grass silage without additive  

 

5.4  Materials and methods 

 5.4.1  Treatments 

Three treatments follow: 

Negative control (T1): Napier grass silage 

Positive control (T2): anthocyanin rich Napier grass silage without additive 

Treatment (T3): anthocyanin rich Napier grass silage with 4%molasses and 

0.03% FeSO4. 
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5.4.2  Experimental design 

         Eighteen growing goats crossbred Thai native x Anglo nubain an 

average body weight (BW) of 23.78±2.4kg were allocated in Completed randomized 

design (CRD). These goats were natural infected with Haemonchus conturtus and 

selected from SUT farm. 

5.4.3  Management, sampling and measurements 

 Before going to experiment, the goats were test the fecal egg 

count and blood parameters including: HCT (Hematocrit), HGB (Hemoglobin), MCH 

(Mean Corpuscular Hemoglobin), MCHC (Mean Corpuscular Hemoglobin 

Concentration), MCV (Mean Corpuscular Volume), RBC (Red Blood Cell), RDW 

(Red Distribution Width), and WBC (White blood cell). EFC was followed the method 

of McMaster (Raynaud, 1970). EDTA blood samples were collected before treatment 

and every two weeks from the vein of animal with sampling the feces and recording 

the body weight. Plasma was recovered and stored at -20°C until analysed antioxidant 

enzymes. Eight Haematological parameters were estimated using an Auto 

Haematology analyser BC- 2800Vet® (Shenzen Mindray Bio-Medical Electronics 

Co., Ltd, Hamburg, Germany). Plasma samples were also used to estimate antioxidant 

enzymes. 

The total antioxidant capacity (TAC), representing the plasma’s non-enzymatic 

antioxidative systems, was assayed using a commercial kit (Total Antioxidant 

Capacity Assay Kit MAK187; Sigma-Aldrich, Missouri, USA) with fresh plasma 

samples according to the manufacturer’s instructions. Values were expressed as nmole 

of copper reducing power per μl of plasma. 

 



121 

 

The plasma activity of superoxide dismutase (SOD), which catalyzes the 

dismutation of superoxide anion, was measured as an endogenous enzyme using a 

commercial kit (19160 SOD determination Kit; Sigma-Aldrich, Missouri, USA) 

following the manufacturer’s instructions. Values were expressed as units per mL of 

plasma. 

The malondialdehyde (MDA) concentration in the plasma sample was 

measured as an index of lipid peroxidation by thiobarbituric acid reaction using a 

commercial kit (Lipid Peroxidation (MDA) Assay Kit MAK085; Sigma-Aldrich, 

Missouri, USA) with fresh plasma samples according to the manufacturer’s 

instructions. Values were expressed as nmole per μl of plasma. 

The Catalase (CAT) concentration in the plasma sample was measured as an 

index of antioxidant enzyme by decompostion of hydrogen peroxide using a 

commercial kit (Lipid Peroxidation (MDA) Assay Kit MAK085; Sigma-Aldrich, 

Missouri, USA) with fresh plasma samples according to the manufacturer’s 

instructions. Values were expressed as unit per ml of plasma. 

The plasma concentration of Glutathione reductase, an enzymatic antioxidant 

catalyzes the reduction of oxidized glutathione (GSSG) to reduced glutathione (GSH), 

was analyzed by a commercial kit (Glutathione Reductase Assay Kit GRSA; Sigma-

Aldrich, Missouri, USA) according to the manufacturer’s instructions. The assay was 

performed with extracts prepared immediately from the fresh plasma samples. Values 

were expressed in unit per mL of plasma. 

The plasma concentration of Glutathione-S-Transferase (GST), a group of 

enzymes detoxicate xenobiotics in  the mammals, was analyzed by a commercial kit 

(Glutathione-S-Transferase (GST) Assay Kit CS0410; Sigma-Aldrich, Missouri, USA) 
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according to the manufacturer’s instructions. The assay was performed with extracts 

prepared immediately from the fresh plasma samples. Values were expressed in umole 

per ml per min of plasma. 

 

Table 5.1  Ingredients and chemical composition of the experimental diets (% DM). 

Items T1 T2 T3 

% Dry Matter (DM)  18.01 15.21 17.49 

 

  %DM   

ASH 13.86 12.88 12.75 

Organic Matter (OM) 86.14 87.13 87.26 

Crude Protein (CP) 6.95 7.89 8.41 

Neutral Detergent Fiber (NDF) 75.36 75.69 67.32 

Acid Detergent Fiber (ADF) 44.27 44.45 37.18 

Hemicellulose 31.1 31.24 30.14 

Crude Fiber (CF) 42.16 41.28 32.94 

Ether Extract (EE) 4.48 4.71 4.95 

Anthocyanin 0.01 0.03 0.06 

Phenolic Compound 4.14 9.05 10 

Total Tannin 2.28 2.52 2.81 

Non Phenolic Compound 1.87 6.54 7.19 

Condensed Tannin 0.1 0.1 0.11 

Gross Energy (kcal/kg DM) 3952.15 4015.05 4008.64 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, 

T3: Anthocyanin rich Napier grass silage with additive. SEM = Standard error of the 

mean 

 

 

Animals were individually housed and intensively cared according to 

procedures of goat farm at Suranaree University of Technology. Silage was offered 

twice daily ad libitum; approximately at 7 am and 5 pm. concentrate was fed 1.5% 
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BW. Diets were allowed to have 5% left over. Feed ingredients of the experimental 

diets are shown in Table 5.1. Fresh water was available at all times. 

5.4.4  Statistical analysis 

 The data of this experiment were subjected to SAS Ver. 9.1 program 

using the general linear model procedure and statistically significant differences 

among mean were determined using Duncan’s multiple range test at 5% probability 

(SAS, 1998). Blood measurements were analyzed as repeated measures using the 

autoregressive repeated covariance structure in the MIXED procedure. The model 

fixed effects included treatment, sampling time and the treatment* sampling time 

interaction, with animal as the random effect. Values of P < 0.05 and P < 0.01 were 

considered to indicate statistical significance and to show tendency, respectively. 

 

5.5  Results  

 5.5.1  Feed intake  

 Feed intake was shown in table 5.2. DM, OM, EE, NDF and total tannin 

intake were not different but ADF, CP, anthocyanin, total phenol, and condensed 

tannin were significant different (P<0.05). The animal in treatment received the 

highest amount of phenolic compound and anthocyanin because the chemical 

composition of 3 treatments are differences about CP, ADF, anthocyanin, total 

phenolic compound, and condensed tannin while they received the similarly amount of 

dry matter intake. These results are agreement with the results from the previous 

experiment, which reported that the group of goat fed anthocyanin rich Napier grass, 

received more crude protein and have the digestibility of nutrient better. 
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Table 5.2  Effect of treatments on feed intake of parasite infected goat. 

Items T1 T2 T3 SEM P-value 

DMI g/d 615.08 603.26 601.32 67.71 0.93 

OMI g/d 551.17 539.82 535.65 60.63 0.90 

ADFI g/d 179.13
a
 162.51

b
 145.30

c
 20.04 0.03 

NDFI g/d 389.63 371.70 349.77 42.80 0.30 

EEI g/d 23.82 22.72 21.93 2.64 0.48 

CPI g/d 70.44
b
 77.64

b
 85.36

a
 8.09 0.02 

ANI mg/d 2.97
c
 101.34

b
 171.47

a
 11.96 0.00 

TPI g/d 17.82
c
 29.91

b
 35.34

a
 2.75 0.00 

TTI g/d 12.26 13.18 13.76 1.39 0.20 

CTI g/d 0.53
b
 0.55

b
 0.64

a
 0.06 0.01 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, T3: Anthocyanin rich Napier grass silage with 

additive. DMI= dry matter intake, OMI= organic matter intake, ADFI= acid detergent fiber intake, NDFI= neutral detergent fiber intake, 

EEI= ether extract intake, CPI= crude protein intake, ANI= anthocyanin intake, TPI= total phenol intake, TTI= total tannin intake, CTI= 

condensed tannin intake. SEM = Standard error of the mean. 

1
2
4
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5.5.2  Blood parameters 

 Blood parameters were shown in table 5.3. WBC, RBC and HCT were 

significant different (P<0.05). HGB, MCV, MCHC, MCH, and RDW were not 

different. Anthocyanin rich Napier grass silage improved the blood parameters than 

other treatment. When the goat infected with Haemonchus conturtus, they lost amount 

of blood, their haematological alterations and histopathological changes (Mir et al., 

2007; Williamson et al., 2003). In addition, trace literatures were conducted regarding 

gastrointestinal nematodes effect on the oxidative stress parameters and antioxidant 

defenses in the sheep (Dede et al., 2002) in spite of the exceeded exposure of sheep to 

Haemonchus contortus parasite now and later which considered amongst the main 

parasitic infestations in Egypt. Under parasite condition, hematocrit and red blood cell 

was decreased, which made anemia in the host animal (Esmaeilnejad et al., 2012a; 

Machado et al., 2014; Dey et al., 2010). The WBC improved better after 4 week 

feeding silage, this results are in un-agreement with Rahman and Collins (1990) who 

stated that infection with Haemonchus contortus did not lead to significant changes in 

total white cell counts with marked eosinophilia and  Al-Salahy  et al (2017), who 

used garlic juice on sheep infected with Haemonchus conturtus . From these findings, 

our result assumed that anthocyanin can enhance the response to haemonchosis 

probably is an immunological regulator against any excessive harmful parasitic effect 

on the host. On the other way, nutrition is the important in process against parasite, the 

goat change the living condition from grazing to feeding by human, who provide them 

nutrient requirement daily.  
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Table 5.3  Effect of treatments on blood parameters of parasite infected goats. 

Items 
RBC 106 

cell/μL 

WBC 

103cell/μL 

HCT 

% 
HGB g/dL 

Treatment effect 

    T1 14.95
a
 15.87

a
 19.98

a
 6.54 

T2 15.53
a
 17.95

a
 22.13

a
 7.01 

T3 11.29
b
 12.38

b
 16.89

b
 7.2 

SEM 0.65 0.91 0.47 0.62 

P value 0.01 0.02 0.04 0.6 

Week effect 

    0w 11.62
c
 17.95

a
 16.98

a
 6.05b 

2w 13.79
b
 12.38

b
 19.93

b
 7.26b 

4w 16.36
a
 15.87

a
 22.08

b
 7.43a 

SEM 0.65 0.91 0.47 0.62 

P value 0.01 0.03 0.02 0.06 

Treatment *Week effect 

    0w* T1 17.15
a
 15.18

c
 11.21

d
 7.45b 

0w* T2 13.36
ab

 19.47
a
 20.58

abc
 6.01b 

0w* T3 16.08
ab

 19.21
a
 19.16

bc
 7.56b 

2w* T1 15.89
ab

 16.92
bc

 16.67
c
 7.61b 

2w* T2 16.89
a
 18.21

b
 20.35

abc
 6.38b 

2w* T3 11.08
c
 11.99

cd
 22.77

ab
 7.60b 

4w* T1 16.04
ab

 17.02
b
 22.78

ab
 7.23b 

4w* T2 14.61
b
 14.36

cd
 19.00

bc
 7.76a 

4w* T3 14.21
b
 16.22

bc
 24.46

a
 7.63a 

SEM 0.65 0.91 0.47 0.62 

P value 0.02 0.01 0.02 0.98 

Treatment effect 

    T1 13.56 20.93
b
 4.11 35.85

b
 

T2 14.34 22.88
a
 3.94 32.56

b
 

T3 15.3 20.38
b
 4.83 45.89

a
 

SEM 0.41 0.97 0.28 0.66 

P value 0.07 0.23 0.32 0.13 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, T3: 

Anthocyanin rich Napier grass silage with additive. HCT=hematocrit, HGB= hemoglobin, 

MCH= Mean Corpuscular Hemoglobin, MCHC= mean corpuscular hemoglobin 

concentration, MCV= Mean Corpuscular Volume, RBC= red blood cell, RDW= red 

distribution width, WBC= white blood cell. SEM = Standard error of the mean 
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Table 5.3  Effect of treatments on blood parameters of parasite infected goats 

(continue). 

Items MCV IL RDW % MCH pg MCHC g/dL 

Week effect 

    0w 15.08
a
 20.08

c
 4.67 40.34

a
 

2w 14.56
b
 20.39

b
 4.48 37.69

b
 

4w 13.55
b
 23.72

a
 3.72 36.26

b
 

SEM 0.41 0.97 0.28 0.66 

P value 0.04 0.03 0.1 0.61 

Treatment *Week effect 

    0w* T1 14.27
b
 25.52

a
 3.626

b
 30.52

c
 

0w* T2 14.58
b
 20.77

bc
 3.758

b
 33.82

c
 

0w* T3 14.16
b
 22.37

b
 4.441

ab
 33.34

c
 

2w* T1 14.36
b
 22.48

b
 3.855

b
 33.83

c
 

2w* T2 16.47
a
 19.93

d
 5.833

a
 58.15

a
 

2w* T3 15.08
a
 18.73

d
 4.807

ab
 45.67

b
 

4w* T1 12.03
c
 23.17

b
 3.691

b
 44.43

b
 

4w* T2 14.19
b
 19.55

d
 5.434

a
 29.05

d
 

4w* T3 14.45
b
 20.07

c
 5.205

a
 34.06

c
 

SEM 0.41 0.97 0.28 0.66 

P value 0.26 0.75 0.25 0.03 

T1: Napier grass silage, T2: Anthocyanin rich Napier grass silage without additive, 

T3: Anthocyanin rich Napier grass silage with additive. HCT=hematocrit, HGB= 

hemoglobin, MCH= Mean Corpuscular Hemoglobin, MCHC= mean corpuscular 

hemoglobin concentration, MCV= Mean Corpuscular Volume, RBC= red blood cell, 

RDW= red distribution width, WBC= white blood cell. SEM = Standard error of the 

mean. 
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Besides, condensed tannin effected on digestive parasite (Hoste et al., 2012) by 

limit the action of them and increased the by-pass protein for host animal (Whitley et 

al., 2009). When the action of parasite was limited, and the supplement nutrient was 

provide enough for the host animal, the number of RBC, HCT, and WBC were 

improved. Anthocyanin rich Napier grass silage contain anthocyanin and tannin with 

high protein is the good feed for goat to against Haemonchus conturtus parasite. 

Feeding anthocyanin rich Napier grass silage after 2 weeks will show the effect on the 

goat blood parameters. 

5.5.3  Antioxidant enzymes  

 Antioxidant enzyme activity were shown in table 5.3. TAC, SOD, MDA, 

CAT, GST, GR, FEC, and body weight were significant different. From the previous 

experiment, the animal received diet with anthocyanin rich Napier grass silage have the 

body weight increasing better than others because they took the higher amount of crude 

protein, digestibility percentage and nitrogen absorbed, so the body weight of treatment 

is higher than control group. After 4 weeks, the control and treatment were improved 

the animal body weight, difference was found between week but not significantly 

different between treatments. With fecal egg count, condensed tannin in anthocyanin 

rich Napier grass silage and Napier grass silage showed the slightly effect on number of 

parasite egg after 4 weeks but no interaction between week and treatment. There are 

many studies suggested that condensed tannin decreased fecal 
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Table 5.4 Effect of treatments on antioxidant enzymes of parasite infected goat 

plasma. 

Items TAC nmole/ul SOD U/ml MDA nmole/ul CAT unit/ml 

Treatment effect 

    T1 0.30
a
 298.59

a
 0.41

a
 334.32

a
 

T2 0.33
a
 335.00

a
 0.45

a
 375.09

a
 

T3 0.23
b
 232.55

b
 0.34

b
 269.57

b
 

SEM 0.06 17.86 0.02 18.04 

P value 0.04 0.03 0.03 0.03 

Week effect     

0w 0.33
a
 329.47

a
 0.44

a
 279.66

b
 

2w 0.29
ab

 293.07
ab

 0.40
ab

 331.66
ab

 

4w 0.24
b
 243.60

b
 0.35

b
 367.67

a
 

SEM 0.06 17.86 0.02 18.04 

P value 0.03 0.03 0.02 0.04 

Treatment *Week 

effect 

    0w* T1 0.28
bc

 283.60
bc

 0.39
bc

 314.02
b
 

0w* T2 0.37
a
 373.01

a
 0.48

a
 323.46

b
 

0w* T3 0.35
ab

 348.39
ab

 0.46
b
 387.80

a
 

2w* T2 0.35
ab

 348.83
ab

 0.46
b
 260.99

d
 

2w* T3 0.22
abc

 224.91
c
 0.33

c
 263.65

c
 

2w* T1 0.32
abc

 223.90
c
 0.24

d
 384.08

a
 

4w* T1 0.32
ab

 323.29
ab

 0.44
bc

 304.90
b
 

4w* T2 0.26
d
 266.58

bc
 0.38

bc
 354.53

ab
 

4w* T3 0.30
abc

 305.91
ab

 0.42
bc

 343.51
ab

 

SEM 0.06 17.86 0.02 18.04 

P value 0.01 0.01 0.01 0.06 

TAC= total antioxidant capacity, SOD= superoxide dismutase. MAD= Malondialdehyde, CAT= 

catalase, GSH= glutathione, GST= glutathione S-transferase, FEC=fecal egg count, BW=bodyweight. 

SEM = Standard error of the mean 
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Table 5.4  Effect of treatments on antioxidant enzymes of parasite infected goat 

plasma (continue). 

Items 
GST 

umole/ml/min 

GR 

unit/ml 
BW kg FEC egg/g 

Treatment effect 

    T1 177.92
a
 1.82

a
 25.2 124123

b
 

T2 197.91
a
 2.02

a
 24.78 160630

a
 

T3 144.97
b
 1.49

b
 25.12 165910

a
 

SEM 9.28 0.09 0.48 6469 

P value 0.03 0.03 0.75 0.04 

Week effect     

0w 149.14
b
 1.53

b
 24.00

b
 172995

a
 

2w 175.40
ab

 1.80
a
 25.00a

b
 145896

b
 

4w 196.26
a
 1.99

a
 26.00

a
 131772

b
 

SEM 9.28 0.09 0.48 6469 

P value 0.03 0.04 0.01 0.01 

Treatment *Week effect 

    0w* T1 119.66 1.23
cd

 25.00
ab

 157920 

0w* T2 171.07
b
 1.74

b
 24.00

b
 171553 

0w* T3 202.99
a
 2.07

a
 25.00

ab
 152417 

2w* T2 90.38
d
 0.95

d
 24.00

b
 182833 

2w* T3 141.81
c
 1.47

c
 25.00

ab
 166366 

2w* T1 102.71
d
 2.06

a
 26.00

a
 148532 

4w* T1 166.41
c
 1.69

b
 25.00

ab
 88864 

4w* T2 185.96
b
 1.90

ab
 24.00

b
 164600 

4w* T3 181.40
b
 1.86

ab
 25.00

ab
 118904 

SEM 9.28 0.09 0.48 6469 

P value 0.04 0.01 0.8 0.06 

TAC= total antioxidant capacity, SOD= superoxide dismutase. MAD= 

Malondialdehyde, CAT= catalase, GR= glutathione reductase, GST= glutathione S-

transferase, FEC=fecal egg count, BW=bodyweight. SEM = Standard error of the 

mean 
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Fecal egg counts (FECs) is a reduction in larval development for Spanish 

weather goats and Angora does grazing Sericea lespedeza (Min et al., 2003 and 2004). 

After 4 week feeding treatment, total antioxidant capacity, superoxide dismutase, and 

lipid peroxidation (MDA) were lower than beginning time, there are significantly 

different from week, treatment, interaction between week and treatment. Condensed 

tannin from three diets effect direct on the parasite, under feeding program is better 

than grazing system, there are 2 factors make the goat is more healthy by the time, but 

anthocyanin in treatment is highest as compared to others and the value of TAC, SOD, 

and MDA in treatment was show the lowest result. From this finding, Anthocyanin 

decreased the value of TAC, SOD, and MDA and improve the oxidative stress of the 

animal. In addition, Al-Salahy et al. (2017) reported the garlic juice effected to 

decrease MDA but increase SOD after 8 weeks feeding the sheep infected with 

Haemonchus conturtus in Egypt. Anthocyanin effect strongly on SOD, TAC and 

MDA (Hosada et al., 2012 a, 2012b). However, decreased SOD antioxidant enzyme 

levels still indicated that enhancing ROS production stimulate utilization of the 

antioxidant enzymes in the cell (Pilania et al., 2013). 

5.5.3  Antioxidant enzymes  

 Antioxidant enzyme activity were shown in table 5.3. TAC, SOD, MDA, 

CAT, GST, GR, FEC, and body weight were significant different. From the previous 

experiment, the animal received diet with anthocyanin rich Napier grass silage have the 

body weight increasing better than others because they took the higher amount of crude 

protein, digestibility percentage and nitrogen absorbed, so the body weight of treatment 

is higher than control group. After 4 weeks, the control and treatment were improved 

the animal body weight, difference was found between week but not significantly 
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different between treatments. With fecal egg count, condensed tannin in anthocyanin 

rich Napier grass silage and Napier grass silage showed the slightly effect on number of 

parasite egg after 4 weeks but no interaction between week and treatment. There are 

many studies suggested that condensed tannin decreased fecal 

Fecal egg counts (FECs) is a reduction in larval development for Spanish 

weather goats and Angora does grazing Sericea lespedeza (Min et al., 2003 and 2004). 

After 4 week feeding treatment, total antioxidant capacity, superoxide dismutase, and 

lipid peroxidation (MDA) were lower than beginning time, there are significantly 

different from week, treatment, interaction between week and treatment. Condensed 

tannin from three diets effect direct on the parasite, under feeding program is better 

than grazing system, there are 2 factors make the goat is more healthy by the time, but 

anthocyanin in treatment is highest as compared to others and the value of TAC, SOD, 

and MDA in treatment was show the lowest result. From this finding, Anthocyanin 

decreased the value of TAC, SOD, and MDA and improve the oxidative stress of the 

animal. In addition, Al-Salahy et al. (2017) reported the garlic juice effected to 

decrease MDA but increase SOD after 8 weeks feeding the sheep infected with 

Haemonchus conturtus in Egypt. Anthocyanin effect strongly on SOD, TAC and 

MDA (Hosada et al., 2012 a, 2012b). However, decreased SOD antioxidant enzyme 

levels still indicated that enhancing ROS production stimulate utilization of the 

antioxidant enzymes in the cell (Pilania et al., 2013). 

The value of catalase (CAT), Glutathione reductase (GR), and glutathione S-

transferase (GST) of diet contain anthocyanin were increased but diet with Napier grass 

silage was change a little bit in the amount of CAT, GR, and GST. The different were 

significantly from week, treatment, and interaction between week and treatment. This 

 



133 

results is the same trend with the study of Al-Salahy et al. (2017) but in his research, the 

GST was reduced. In summary, anthocyanin effect on the antioxidant status of animal, 

especially with the animal under strong oxidative stress-parasite infection, decreasing 

TAC, SOD, and MDA; and increasing action of CAT, GR, and GST. 

 

5.5  Conclusion 

Using Anthocyanin rich Napier silage improved activity of antioxidant enzymes and 

help the animal limit the harmful of oxidative stress from environment. With Haemonchus 

conturtus injected goat, this silage improve activity of antioxidant enzymes and enhance 

number of red blood cell, hematocrit and reduce white blood cell while increase the body 

weight by increasing of CP intake, nutrient intakes, nutrients digestibility, N utilization, and 

ADG as well as body weight gain of growing goats, decreasing TAC, SOD, and MDA; and 

increasing action of CAT, GR, and GST. The Anthocyanin rich Napier grass silage showed 

the effect on the animal after feeding two weeks. 
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CHAPTER VI 

OVERALL CONCLUTION AND IMPLICATION 

 

6.1 Conclusions 

Addition molasses and FeSO4 enhanced the stable of anthocyanin, DM, CP and 

improved digestibility of NDF, ADF. The suitable level of molasses is 4% and FeSO4 

is 0.03%. The data of gas production demonstrated anthocyanin increases propionic 

acid proportion, decreased the number of Methanogen and Streptococcus bovis 

bacteria. Anthocyanin cannot be absorbed in the rumen by in vitro incubation. 

Anthocyanin rich Napier grass silage can be used as animal feed, that was indicator by 

apparently increased of CP intake, nutrient intakes, nutrients digestibility, N 

utilization, and ADG as well as body weight gain of growing goats. In feeding trial, 

Anthocyanin rich Napier grass silage with additive reduce the number of 

Streptococcus bovis and tend to reduce Methanogen bacteria group in rumen fluid, 

which was resulted on methane emission. Using Anthocyanin rich Napier silage 

improved activity of antioxidant enzymes and help the animal limit the harmful of 

oxidative stress from environment by enhancing the activity of Superoxide dismutase 

(SOD) enzyme, reducing the oxidative stress by decreasing total antioxidant capacity 

(TAC) and lipid peroxidation (MDA) in the plasma of goats. 

With the naturally Haemonchus conturtus injected goats, Anthocyanin rich 

Napier grass silage improved number of red blood cell (RBC), hematocrit (HCT) and 

reduce white blood cell (WBC) while increase the body weight by increasing of CP 
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intake. The most important, this silage effected to reduce TAC, SOD, MDA, and FEC 

(fecal egg count), it mean the oxidative stress was improved. Thus, the increasing in 

action of CAT (catalase), GR (glutathione reductase), and GST (glutathione-s-

transferase) is the evidence for effect of anthocyanin in this silage. Anthocyanin can 

used for animal to improve the performance and oxidative stress status. The farmer 

will save cost when feeding their animal by Anthocyanin rich grass silage with 

additive. 

 

6.2 Implications 

From these results, it is called to conduct more and more studies about 

anthocyanin pigment from anthocyanin rich feedstuff on the animal, how and where 

the anthocyanin can be absorbed in the digestive system and their presence is in 

circulation, urine, feces, and muscle. On the other hand, the study should be done 

about the effect of anthocyanin on antioxidant enzyme with different type of parasites, 

which infect the animal to record clearly the role of Anthocyanin in the completion to 

against oxidative stress. 
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