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The oil palm empty fruit bunches (OPEFB) are an abundant and easily 
accessible agricultural by-product from the oil palm industry. The OPEFB has 
been investigated for its use as animal feed. However, the high fiber content in 
the spikelets and stalks that hinder digestion posed a challenge. On the other 
hand, OPEFB is also known to contain a broad range of bioactive polyphenols 
that could improve rumen fermentation, or even change the greenhouse gas 
emission profiles of rumen fermentation. These characteristics are highly 
relevant and would raise the commercial value of OPEFB once proven. The 
current study investigated the use of OPEFB extracts in animal feed, and to 
determine the effects of OPEFB extract on rumen fermentation characteristics, 
milk composition attributes, and fatty acid profile in the rumen, blood plasma, 
and milk in goats. Four studies were conducted to achieve the above objectives. 
In the first study, a characterization study was done on OPEFB extract to identify 
plant phytochemical bio-active compounds. The OPEFB extract was extracted 
using methanol and was analyzed for total phytochemical content and identified 
its chemical content through gas chromatography-mass spectrometry (GC-MS). 
Results showed that OPEFB methanolic extract contained 70 phytochemical 
compounds, of which twelve are major phytochemical compounds with 
hexadecanoic acid, methyl ester as the main phytochemical compounds of 
interest. Methanolic extract OPEFB revealed a total polyphenol content of 
3.98%, total tannin content of 2.37%, and total flavonoid content of 1.30% with 
7.17ml MDA per L extract for lipid oxidation activity. The next study focused on 
the in-vitro rumen fermentation characteristics in goats using three levels of 
OPEFB extracts (0%, 5% and 10% OPEFB extract) added to the diet. Results 
showed fermentation characteristics were not affected by the OPEFB extract 
levels, but by the rumen microbial population and rumen fatty acid content of 
palmitic acid. The total bacteria, protozoa, and B. fibrisolvens population 
decreased significantly while palmitic acid increased. Hence, 5% OPEFB extract 
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diets were chosen for further in-vivo study as results suggest that its effects lies 
mid-range in the acetate, iso-butyrate, iso-valerate concentration, insoluble 
fraction of gas production (but degradable), estimation potential gas production 
and in the population of B. fibrisolvens as compared with control and 10% 
OPEFB extract diet. In the third study, a crossover experimental design was 
employed where animals underwent two feeding trial sessions, which consisted 
of a 10-day adaptation period followed by a 7-day experimental period, with a 
12-day washout period in between both feeding trial sessions. The result showed 
a reduction in the population of total methanogens (7.1%), methanobacteriales 
(7.26%), R. Albus (6.49%), R. flavefaciens (5.16%), F. succinogenes (7.98%), 
B. fibrisolvens (9.26%) while an increment in total protozoa content (17.46%) 
along with iso-butyrate (30.8%) and iso-valerate (38.4%) production in the rumen 
of OPEFB dietary feed. The milk protein content increased (4.13%) while milk 
lactose content decreased (2.79%). In summary, the current study showed that 
OPEFB extract could be incorporated into dairy goat diets at 5 % without 
adversely affecting rumen fermentation while improving the milk quality, and 
alleviating oxidative stress in the animal. 
 
 
Keywords: Oil palm empty fruit bunch (OPEFB), plant phenolic extract, rumen 
fermentation, fatty acid profile, rumen microbial population, milk composition.  
 
SDG: GOAL 2: Zero Hunger, GOAL 3: Good Health and Well-Being, GOAL 13: 
Climate Action 
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NUR LIYANA AKMAL BINTI HARUN 
 

December 2023 
 
 

Pengerusi : Goh Yong Meng, PhD 
Fakulti  : Perubatan Veterinar 
 
 
Tandan kosong kelapa sawit (OPEFB) merupakan hasil sampingan pertanian 
yang banyak dan mudah diperoleh daripada industri kelapa sawit. OPEFB telah 
dikaji untuk kegunaannya sebagai makanan haiwan. Walau bagaimanapun, 
kandungan serat yang tinggi dalam spikelet dan tangkai yang menghalang 
penghadaman jelas menimbulkan cabaran. Sebaliknya, OPEFB juga diketahui 
mengandungi pelbagai jenis polifenol bioaktif yang boleh meningkatkan 
fermentasi rumen, atau bahkan mengubah profil pelepasan gas rumah hijau bagi 
fermentasi rumen. Ciri-ciri ini sangat relevan dan akan meningkatkan nilai 
komersial OPEFB setelah terbukti. Kerja semasa menyiasat penggunaan 
ekstrak OPEFB dalam makanan haiwan, dan untuk menentukan kesan ekstrak 
OPEFB pada ciri fermentasi rumen, sifat komposisi susu, dan profil asid lemak 
dalam rumen, plasma darah dan susu dalam kambing. Empat kajian telah 
dijalankan untuk mencapai objektif di atas. Dalam kajian pertama, kajian 
pencirian telah dilakukan terhadap ekstrak OPEFB untuk mengenal pasti 
sebatian bio-aktif fitokimia tumbuhan. Ekstrak OPEFB diekstrak menggunakan 
metanol dan dianalisis untuk jumlah kandungan fitokimia dan mengenal pasti 
kandungan kimianya melalui kromatografi gas-spektrometri jisim (GC-MS). 
Keputusan menunjukkan bahawa ekstrak metanol OPEFB mengandungi 70 
sebatian fitokimia, di mana dua belas daripadanya adalah sebatian fitokimia 
utama dengan asid heksadekanoik, metil ester sebagai sebatian fitokimia utama. 
Ekstrak metanol OPEFB mendedahkan jumlah kandungan polifenol sebanyak 
3.98%, jumlah kandungan tannin sebanyak 2.37%, dan jumlah kandungan 
flavonoid sebanyak 1.30% dengan 7.17ml MDA per L ekstrak untuk aktiviti 
pengoksidaan lipid. Kajian seterusnya memfokuskan kepada ciri-ciri fermentasi 
rumen in-vitro dalam kambing menggunakan tiga tahap ekstrak OPEFB (0%, 5% 
dan 10% ekstrak OPEFB) yang ditambahkan ke dalam diet. Keputusan 
menunjukkan ciri-ciri fermentasi tidak dipengaruhi oleh tahap ekstrak OPEFB, 
tetapi oleh populasi mikrob rumen dan kandungan asid lemak di dalam rumen, 
iaitu asid palmitik. Jumlah populasi bakteria, protozoa dan B. fibrisolvens 
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menurun dengan ketara manakala asid palmitik meningkat. Oleh itu, diet 5% 
ekstrak OPEFB telah dipilih untuk kajian in-vivo selanjutnya kerana keputusan 
menunjukkan bahawa kesannya terletak pada julat pertengahan untuk 
kepekatan asetat, iso-butirat, iso-valerat, produksi gas daripada bahagian tidak 
larut (namun terurai), anggaran potensi pengeluaran gas dan juga populasi B. 
fibrisolvens berbanding dengan diet kawalan dan diet 10% ekstrak OPEFB. 
Dalam kajian ketiga, reka bentuk eksperimen secara silang telah digunakan di 
mana haiwan menjalani dua sesi percubaan pemakanan, yang terdiri daripada 
10 hari tempoh penyesuaian diikuti dengan 7 hari tempoh eksperimen, dengan 
12 hari tempoh pembersihan di antara kedua-dua sesi percubaan pemakanan. 
Hasil menunjukkan pengurangan populasi jumlah metanogen (7.1%), 
methanobacteriales (7.26%), R. Albus (6.49%), R. flavefaciens (5.16%), F. 
succinogenes (7.98%), B. fibrisolvens (9.26%) manakala peningkatan dalam 
jumlah kandungan protozoa (17.46%) bersama-sama dengan produksi iso-
butirat (30.8%) dan iso-valerat (38.4%) dalam rumen diet OPEFB. Kandungan 
protein susu meningkat (4.13%) manakala kandungan laktosa susu menurun 
(2.79%). Ringkasnya, kajian semasa menunjukkan bahawa ekstrak OPEFB 
boleh dimasukkan ke dalam diet kambing tenusu pada 5% tanpa menjejaskan 
fermentasi rumen, sambil meningkatkan kualiti susu, dan mengurangkan 
tekanan oksidatif dalam haiwan. 
 
 
Kata kunci: Tandan kosong kelapa sawit (OPEFB), ektrak fenolik tumbuhan, 
fermentasi rumen, profil asid lemak, populasi rumen mikrob, komposisi susu.  
 
SDG: MATLAMAT 2: Tiada Kelaparan, MATLAMAT 3: Kesihatan dan 
Kesejahteraan Baik, MATLAMAT 13: Tindakan Iklim 
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1 

 

 CHAPTER 1 
 
 

INTRODUCTION 
 
 

The world's total population of ruminants (cattle, goats, and sheep) was 
estimated more than 3.9 billion in 2021 with a population of goat was more than 
1.1 billion goats amounting to 28.3% of the total world ruminant’s population 
(FAOSTAT, 2023). More than half of the goats in the world populate in the Asia 
region (51.5%), closely followed by Africa (43.3%) while the other region’s goat 
population was less than 5% as depicted in Figure 1 (FAOSTAT, 2023). 
Meanwhile, the total ruminant population in Malaysia was only 1.1 million head 
in 2022 and decreased steadily by 10% from 2015 to 2022 as shown in Table 
1.1 below. Whereas, the goat population in Malaysia decreased by 24% in total 
from 2015 to 2022.  
 
 

 
Figure 1 : The population of goats in different regions in 2021.  
        (FAOSTAT, 2023) 
 
 
 
 
 
 
 
 
 
 
 

Goat population in different regions (% of world population) in 
2021

Asia : 51.5%

Africa : 43.3%

Americas : 3.49%

Europe : 1.36%

E.U. 1.03%

Oceania : 0.39%
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Table 1.1 : Ruminant populations in Malaysia from 2016-2023. 
 

Item 
(heads)  

Years 

2016 2017 2018 2019 2020 2021 2022 2023 

Cattle 
737,82

7 
703,83

2 
676,68

6 
657,40

7 
699,42

4 
717,43

1 
733,65

5 
737,75

4 

Goat 
416,52

9 
385,30

4 
359,20

0 
312,57

1 
324,35

5 
323,99

4 
332,30

6 
338,36

1 

Sheep 
138,47

9 
130,65

8 
128,29

8 
121,67

7 
124,67

4 
136,76

9 
137,96

3 
136,62

5 

Total 
1,2928

35 
1,2197

94 
1,1641

84 
1,0916

55 
1,1484

53 
1,1781

94 
1,2039

24 
121274

0 

(Department of Veterinary Services, 2023) 

 

In developing countries, milk and milk products from goats are important sources 
of protein, phosphate, and calcium due to the limitation of bovine milk availability 
(Park, 1991; Haenlein and Caccese, 1984). Milk consumption in Malaysia has 
seen a steady increase throughout the years. From 2015 to 2022, the per capita 
consumption of milk in Malaysia saw a 16.7% increase (Table 1.2) to 2.1 liters. 
Meanwhile, Malaysia's milk output only saw a 6.85% increase over the years 
(2015 to 2022), leading to a decrease of 11.02% in Malaysia’s milk self-
sufficiency level (SSL) (Table 1.2). The decrement was due to an increase in 
milk consumption nationwide as increasing health awareness in the Malaysian 
population has stimulated the increase in the demand for milk. Since the 
livestock population status in Malaysia kept decreasing in amount over the years, 
it is concerning if local livestock producers cannot keep up with the demand thus 
leading to importation reliance. Hence, to drive the livestock subsector further, 
National Agrofood Policy 2.0 was established by the Malaysian government to 
address issues that impede the growth of the livestock subsector. Among the 
livestock strategies related to the current study was the enhancement of livestock 
productivity and production (MAFI, 2021).   

 

Table 1.2 : Milk outputs, capita consumptions, and self-sufficiency level 
(SSL, %) in Malaysia from 2015-2022. 
 

Items 
Years 

2015 2016 2017 2018 2019 2020 2021 2022 

Output (Mil litres) 36.5 36.7 36.6 38.5 40.6 41.8 38.7 39.0 
Per capita consumptions 
(Litre/year)* 

1.8 1.8 1.9 1.9 2.1 2.0 2.1 2.1 

SSL (%)* 64.4 66.0 58.9 61.3 59.3 64.2 56.7 57.3 

*Refer to fresh and imported liquid milk. 
(Source: Department of Veterinary Services, 2023) 

 

Malaysia's oil palm industry as well as Indonesia, contributes 80% of the total 
world palm oil production and export (Ofori-Boateng and Lee, 2013). The 
production of oil palm empty fruit bunch (OPEFB) was 23% of the oil palm fresh 
fruit (OPFF) after being processed in the palm oil mill (Schmidt, 2007). The 
OPEFB is an oil palm agricultural waste with limited capability to be included in 
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the animal feed industry due to its high fibre content (67% crude fibre) (Asoka, 
Abu, and Agwa, 2021). It is in the same fate as other oil palm biomass by-
products such as oil palm fronds (OPF), oil palm trunks (OPT), palm press fibres 
(PPF), and shells, which it composed of mainly cellulose, hemicellulose and 
lignin (Tan, 2006). Currently, most of it is used in fibre and particle board 
production (EFB, OPF, OPT, PPF) and as charcoal briquette (shells) (Tan, 
2006). Another application such as incorporating in the ruminant feed as a 
roughage source, OPF in pelleted form for example, has been reported to meat 
quality betterment and reduce saturated fatty acid (SFA) (Ebrahimi et al., 2012). 
On the other hand, there are other study on fungi-treated empty fruit bunch 
replacement diet at 25% conducted in dairy goats showed a decreased in milk 
lauric acid (C12:0) without adverse effect on milk yield and milk protein (Zailan 
et al., 2023). Hence, these few studies indicates that there are potential of oil 
palm agricultural waste to be better exploited into other downstream product, 
such as animal feed, and further reinforce the terms of sustainable oil palm in 
Malaysia. 

 

1.1 Problem statement 
 

The usage of empty fruit bunches in animal feeding has been found lacking due 
to its high fibre content. The composition of EFB where it is high in cellulose, 
hemicellulose and lignin content, makes it unlikely to be incorporated in animal 
feeding as it is. Hence, it remains a challenge in logistics and transportation due 
to its bulkiness. The same challenges were encountered by other studies with oil 
palm fronds in incorporating it as animal feed. However, Jaffri (2009) showed 
that the extraction of beneficial compounds such as polyphenols and anti-
oxidants contained in the OPF, may provide an added value in addition to the 
possibility of resolving the logistics and transportation challenges. Phytochemical 
contained in oil palm wastes such as polyphenols has interesting biological 
properties such as anti-oxidant, and anti-microbial, among others (Ofori-Boateng 
and Lee, 2013). Previous findings by Al-Jumaili (2018), also reported reduced 
SFA and better-quality meat, with better colour stability, reduced lipid oxidation, 
and cholesterol levels when using oil palm leaves methanolic extract in feeding 
the goats. It brought to attention whether the methanolic extract of different parts 
of oil palm may cause the same outcome as previous studies. Since Malaysia 
produces a huge amount of EFB as a by-product of the huge oil palm industry, it 
remains underutilised. Hence, in tackling the logistic issues, it inadvertently 
tackles environmental issues as well since in its former years, EFB was burnt-
off. Exploring the EFB's potential used as animal feed to improve animal 
production is considered vital, then. Aside from that, information related to the 
usage of EFB in animal feed to improve the quality of animal products such as 
meat and milk is found to be lacking. Hence, this study would provide another 
option in utilising underutilised oil palm waste, EFB as animal feed, which may 
resolve another environmental concern in Malaysia. 
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1.2 Hypothesis 
 

It is hypothesized that incorporating oil palm empty fruit bunch extract may 
change the rumen fermentation profile along with the fatty acid profile in the 
rumen, blood, and milk. It will also improve the anti-oxidant capacity of milk and 
produce healthier milk.  

 

 

1.3 Objectives 
 

The general objective of this study was to assess the effect of oil palm empty 
fruit bunches methanolic extract on the rumen fermentation profile, fatty acid 
profiles and milk compositions in dairy goats. Therefore, the specific objectives 
of this study were; 
 

1. To determine the bioactive phytochemical constituents in the oil palm 
empty fruit bunch methanolic extract. 

2. To evaluate the effect of OPEFB extract on in vitro rumen fermentation 
characteristics in goats. 

3. To determine the effect of oil palm empty fruit bunch methanolic extract 
on in-vivo rumen fermentation characteristics, rumen microbial 
populations, and fatty acid profile of rumen, blood, and milk in Saanen 
goats. 

4. To determine the effect of oil palm empty fruit bunch methanolic extract 
on milk composition, blood chemistry profile, and lipid oxidation in the 
rumen, blood, and milk of Saanen goats. 
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CHAPTER 2 
 
 

LITERATURE REVIEW 
 
 

2.1 Ruminant and its digestive system 
 
 
Ruminant, according to Merriam-Webster (2024) is an herbivorous, even toed, 
hoofed mammal is an herbivorous, even-toed, hoofed mammal (under the 
suborder of Ruminantia and Tylopoda) that has a complex 3- or 4-chambered 
stomach. The digestion process of ruminants starts with the ingestion of the feed 
from mouth to rumen via the esophagus, oftentimes the feed is swallowed to 
ensure less time is used to procure the feed. In the first chamber, the rumen, the 
feed is softened and turned into cud before being regurgitated to the mouth in 
the process called rumination via the esophagus again, as the esophagus of the 
ruminant is bidirectional. In the mouth, the cud is properly chewed and then 
swallowed again further into the reticulorumen, a collective term for rumen and 
reticulum, since both organs have the same function divided by a simple fold in 
the middle. There, the larger cud materials into the rumen for further 
fermentation, and the liquid portion and smaller cud material passed into the 
omasum. The rumen is mainly a chamber of anaerobic digestion which is 95% 
populated by bacteria, archea, fungi, and protozoa, with viruses and 
bacteriophages included (Cholewińska, Górniak, and Wojnarowski, 2021). Their 
role was to convert ingested feed into energy resulting in short-chain fatty acids, 
commonly called volatile fatty acids (VFA) mainly acetate, propionate, and 
butyrate as these are the animal's main energy sources where it has an 
immediate physiological impact, including production parameters (De Nardi et 
al., 2016). 
 
 

 
 
Figure 2.1 : Ruminant digestive tract and its compartments (Russel and 
Bruckner, 1991). 
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It was estimated that the rumen volume in small ruminants was approximately 
13% of the body weight, accounting for 5.3 litre in estimation (Owen and 
Goestsch, 1993) whereas other studies estimated the rumen volume was 
approximately 4-6kg, although it may vary in accordance to the animal diets 
(Philipson, 1999). Rumen pH was kept constant at the range of 6-7, with 
potassium bicarbonate and urea in saliva as main buffers to maintain rumen pH 
level. This is crucial to ensure sustained and continual digestive functions. 
Ammonia from rumen fermentation was also considered as a buffer and plays a 
part in promoting rumen microbial growth in the digestive system (Matthews et 
al., 2019). The reticulum of the ruminant features a smaller pouch anterior to the 
rumen and has a vital role in the separation of digesta as previously stated with 
the additional function of trapping other heavy objects or material in the 
reticulum. In the omasum, water is absorbed along with other substances before 
the cud or digesta enter the abomasum next, where it is a compartment that is 
called the ‘true stomach’ and resembles a tubular organ connecting the omasum 
with the small intestines (Harfoot, 1981). From this point, the digestion processes 
are similar to the simple-stomached animal, where the nutrients are further 
absorbed in the small intestines. 
 
 
2.1.1 Rumen microbial ecosystem 
 
 
The rumen microbial community is a diverse and dynamic ecosystem inhabited 
by a symbiotic population of anaerobic bacteria, protozoa, fungi, and phages 
(Forsberg and Cheng, 1992). The ability of the ruminant to utilize high 
lignocellulosic material as feed as well as in the conversion of non-protein 
nitrogen to microbial protein relies on the rumen microbial community. Although 
rumen fermentation plays a vital role in the usage of highly fibrous material as 
feed, the ramifications of the said activities associated with emission of the 
greenhouse gases as well as nitrogen excretion by manures, may adversely 
impact animal product nutritional values (Scollan et al., 2011). Low-quality, 
fibrous, plant material can be converted by the rumen microbes into a usable 
energy for the host ruminant (Cammack et al. 2018). It was suggested by a 
previous study that microbial digestion may contribute up to 70% of total dietary 
energy (Flint et al., 2008). The rumen microbial community consists of bacteria 
(1010 to 1011 organisms/ml), but also archaea (108 to 109 organisms/ml), 
protozoa (105 to 106 organisms/ml), fungi (103 to 104 organisms/ml), and 
another uncharacterized virome (Weimer, 2015). 
 
 
Bacteria can be described as solid-associated, liquid-associated, rumen 
epithelium-associated, and eukaryote-associated (Cammack et al., 2018), which 
composed of 95% of the rumen microbial populations (McAllister et al., 1994). 
Further classification of rumen bacteria is through substrate preference and end-
product formation, where the substrates are mainly cellulose, hemicellulose, 
pectin, starch, and amino acid (Puniya et al., 2015). In ruminant, primary 
cellulose-degrading bacteria is Fibrobacter succinogenes, Ruminococcus 
flavefaciens, and Ruminococcus albus (Forsberg and Cheng, 1992; Schroeder, 
2013). Other common hemicellulose-degrading bacteria that are omnipresent in 
forage diet are Butyrivibrio fibrisolvens, Prevotella ruminocola, Ruminococcus 
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flavefaciens, and Ruminococcus albus (Puniya et al., 2015). Rumen archea 
consist of methanogens, which are methane-producing microbes that utilize 
hydrogen and sometimes formate in the reduction process to produce methane 
(Janssen and Kirs, 2008). Methanogens utilize hydrogen produced by other 
microbes thus avoiding the inhibitory effect posed by the accumulation of 
hydrogen for subsequent fermentation (Hungate, 1966; Puniya et al., 2015). 
Rumen archea constitute a small amount, 2-4% of the total microbial mass 
(Millen et al., 2016) but play a vital role as hydrogen sinks in the rumen. Hydrogen 
produced by cellulolytic bacteria and anaerobic fungi was utilized by 
methanogens to generate ATP and methane (Stewart et al., 1997). Anaerobic 
fungi are considered as influential fiber degraders, particularly when ruminants 
are fed with poor quality forages (Krause et al., 2003). It was reported by Huws 
et al., (2018) that anaerobic fungi constitute 12-20% of the rumen microbiome. 
Protozoa representation in the rumen although small, the large size of protozoa 
(10–200 μm) make up 50% of the total microbial mass in the rumen (Williams, 
1986). Protozoa's mode of action was to engulf bacteria, feed particles, and 
digest carbohydrates, protein, and fats (William and Coleman, 1992). Rumen 
fermentation was stabilized by protozoa through possibly increasing the pH of 
the rumen (Williams and Coleman, 1992) as protozoa seem to consume lactate 
faster than bacteria (Newbold et al., 1986). 
 
 
2.1.2 Biohydrogenation in rumen 
 
 
Rumen biohydrogenation is a conversion process of unsaturated fatty acid to 
saturated fatty acid by rumen bacteria. A previous study stated Fusocillus spp. 
was identified as a bacteria that carried out the formation of stearate (Kemp et 
al., 1975). Then, other study discovered a bacterium that manages to form 
stearate from linoleate, which found it was phenotypically similar to Fusocillus 
spp, but closer phylogenetically to Butyrivibrio hungatei (Van de Vossenberg and 
Joblin, 2003). Past studies classify biohydrogenation-related bacteria into two 
groups which Group A (bacteria that hydrogenate linoleic acid and linolenic acid 
to vaccenic acid) and Group B (bacteria that hydrogenate linoleic acid and 
linolenic acid to stearic acid) (Harfoot and Hazlewood, 1997). However, a recent 
study suggests classifying biohydrogenation-related bacteria according to their 
appropriate taxonomy (Lourenco, Ramos-Morales and Wallace, 2010). There 
are few biohydrogenation pathways that in recent years, through various in-vitro 
and in-vivo studies, make it more understandable. According to Dewanckele et 
al. (2020), 18:2n-6 is mainly isomerized to cis-9, trans-11 CLA, and 
hydrogenated further to trans-11 18:1 and lastly to 18:0, under normal conditions. 
Meanwhile, 18:3n-3 major biohydrogenation pathways involve cis-9, trans-11, 
cis-15 conjugated linolenic acid (CLnA), trans-11, cis-15 18:2 and trans-11 18:1 
as intermediates while biohydrogenation pathway of cis-9 18:1 is directly 
hydrogenated to 18:0 in the rumen. Nevertheless, other than these 
biohydrogenation pathways depicted in Figure 2-4 below, there are other 
alternative biohydrogenation pathways that possibly exist but yet to be 
discovered. The presence of biohydrogenation intermediates in rumen and 
animal products, might provide insight on the extent of biohydrogenation 
activities occurred. 
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Figure 2.2 : Rumen 18:2n-6 metabolism pathway. Solid line arrows (      ) show 
the major biohydrogenation pathway, and dashed line arrows (    ) show the 
formation of minor intermediates, under physiologically normal conditions in the 
rumen. (Source: Shingfield and Wallace, 2014). 
 
 

 
 
Figure 2.3 : Rumen 18:3n-3 metabolism pathway. Solid line arrows (      ) show 
the major biohydrogenation pathway, and dashed line arrows (    ) show the 
formation of minor intermediates, under physiologically normal conditions in the 
rumen. (Source: Shingfield and Wallace, 2014). 
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Figure 2.4 : Rumen cis-9 18:1 metabolism pathway. Solid line arrows (    ) 
show the major biohydrogenation pathway, and dashed line arrows (    ) show 
the formation of minor intermediates, under physiologically normal conditions in 
the rumen. (Source: Shingfield and Wallace, 2014).  
 
 
2.2 Phytochemicals and bioactive in animal feed 
 
 
Generally, phytochemicals are chemicals plants produce as a defense 
mechanism against predation, and bioactive are compounds that naturally occur 
in plant or animal that benefits human health and well-being. Having said that, 
certain bioactive are also considered as phytochemicals depending on the 
sources. The occurrence of phytochemicals and bioactive in animal feed is 
regular, as it takes on different forms, in serving different industries, whether 
ruminant or non-ruminant. In ruminants, phytochemicals existed more in the form 
of roughages, as-is, or extract. The extract of the plant is a concentrated fluid 
that contains plant compounds of interest through the process of extraction. The 
complexity of an extract depends on the plant sources used. The variability of 
phytochemical composition of a given variety or species of plant attributes on the 
geographical, especially (Nigg and Seigler, 2013; Tiwari et al., 2013). An 
example of geographic differences affecting the compound composition of the 
plant was studied in earlier studies which indicated a higher proportion of 
flavonoids were found in the tropical and high–altitude plant compared to the 
temperate, among others (Chappell & Hahlbrock, 1984; Olsson et al., 1998; 
Hofmann et al., 2000; Logemann et al., 2000; Kolb et al., 2001). Other studies 
also suggest that differences may exist in the molecular structure of condensed 
tannin between tropical and temperate forages as it affects the condensed tannin 
metabolism in the ruminant digestive system (Min and Solaiman, 2018; Min et 
al., 2015; Min et al., 2015). Therefore, the uniqueness of plant phytochemical 
composition would render the properties of plant compounds exhibited useful for 
it to be incorporated in animal feed. 
 
 
2.2.1 Effect of supplementing plant phytochemicals and bioactive on 

rumen microbial ecosystem 
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The chemodiversity of plant phytochemicals and bioactive are too enormous, 
hence diagram below was illustrated by Tiwari, Brunton, and Brennan (2013) to 
show the phytochemical classifications into a few major groups. 

 
 
Figure 2.5 : The classification of plant phytochemicals. (Source: Tiwari, 
Brunton, and Brennan, 2013) 
 
 
As each of the plant compounds exhibits biological properties that would benefit 
animal health and production, there has been an increasing effort in exploiting 
phytochemicals in animal feed in many recent researches. The differences it 
would make toward the rumen microbial ecosystem were interesting, especially 
knowing the biological properties such as anti-microbial, and anti-fungal, among 
others, exhibited by the compound of interest. A study of supplementing garlic 
and citrus extract on dairy cows, resulted in increases in the population of 
Succinivibrionaceae and Methanobrevibacter, which related to methane 
reduction (Khurana et al., 2023). The combination of organosulphur compound 
from garlic and polyphenol compound from citrus extract efficiently reduces 
methane production in Rusitec system without affecting rumen fermentation 
(Eger et al., 2018). An example of selective anti-microbial activity by plant 
phytochemicals was reported by Harlow et al., (2017b) and (2018), in which the 
growth of F. succinogenes, R. flavefaciens, and R. albus was inhibited while 
increasing Lactobacilli population by utilizing biochanin A, an isoflavone 
phytoestrogen found mainly in the leguminous plant, in an ex-vivo study. Another 
in-vitro study utilizing walnut leaves ethanolic extract in the barley and corn diet 
substrates observed that F. succinogenes, R. flavefaciens, and R. albus 
population was reduced. These studies showed the potentiality of plant extract 
to be used as a tool to manipulate rumen microbial populations. Among recent 
studies that reported on the effect of plant phytochemicals on the rumen 
microbial population which can be seen in the table below (Table 2.1). 
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2.2.2 Effect of supplementing plant phytochemicals and bioactive on 
rumen fatty acid profile and biohydrogenation 

 
 
Studies have suggested that plant phytochemical and bioactive may help in 
reducing rumen biohydrogenation through ingesting compounds that contain 
interesting biological properties, such as anti-oxidant and anti-microbial 
activities. Dietary polyphenol supplementation can be considered as a way to 
preserve polyunsaturated fatty acid (PUFA) from a complete biohydrogenation 
in the rumen. In the study of cumin seed extract, it was reported that 
biohydrogenation was inhibited by the reduction in stearic acid and the increment 
of linoleic and linolenic acid concentration in the rumen (Miri et al., 2015). It was 
also suggested that tannin had shown a consistent trend in the decline of the 
microbe population associated with rumen biohydrogenation (Patra and Saxena, 
2011). Indeed, tannin from a variety of sources namely tropics and subtropics 
(Jayanegara et al., 2011; Jayanegara, Kreuzer, and Leiber, 2012), may repress 
biohydrogenation and stearic acid efficiently (Carreño et al., 2015). Earlier 
studies showed a decrease in the biohydrogenation process due to the presence 
of phenolic acid (Canini et al., 2007) in an in-vitro study with papaya leaf (Jafari 
et al., 2016), however, other study reported that biohydrogenation increases in 
the study of different sources of lipid supplementation where linseed increases 
the rumen linolenic acid concentration while hemp increases the rumen linoleic 
acid concentration (Cremonesi et al., 2018). Hence, Table 2.2 below showcases 
the summarisation of plant phytochemicals in other studies and the responses 
on rumen fatty acid profile and biohydrogenation. 
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2.2.3 Effect of polyphenol supplementation on milk composition and 
fatty acid of dairy animal through a systematic review 

 
 
Milk production and quality can be enhanced by supplementing animal feed with 
phytochemical and bioactive. It has been demonstrated through earlier studies 
the benefits posed by the phytochemical and bioactive-rich diet. Polyphenols, 
essential oils, saponins, and polysaccharides, are among plant bio-active 
compounds that have been used to reduce methane production by manipulating 
ruminal microbial feed fermentation without interfering with ruminant production 
performance (Patra and Saxena, 2010). High-yielding dairy animals are prone to 
oxidative stress, which can be exacerbated by certain environmental, 
physiological, and dietary factors (Castillo et al., 2005). Phenolic compounds, 
including stress-related phytochemicals, have been linked to beneficial effects 
caused by fruit and vegetable consumption, particularly due to their antioxidant 
activity (Heim et al., 2002). A study by Winkler et al., (2015) found that an 
increase in milk performance with a fat content reduction in the liver was found 
when green tea extract was fed to the cow. However, Oliveira et al., (2010) 
findings suggest that digestibility of fat and protein was decreased in 
immunocompetence calves when fed with polyphenol-rich pomegranate extract. 
 
 

As of late, many reviews on plant extracts or plant components, such as 
saponins, tannins, and essential oils, as rumen modifiers have recently been 
published. However, they have mostly focused on the alterations in ruminal 
fermentation (Wallace et al., 2002; Castillejos et al., 2006; Hart et al., 2008; 
Kamra et al., 2008; Dai and Faciola, 2019; Torres et al., 2020), ruminal microbial 
population (Patra and Saxena, 2009; Dai and Faciola, 2019), and their 
association with methanogenesis (Patra, 2010). Lipids supplementation was 
also evaluated and compared in cattle and sheep for their effects on methane 
emission, digestibility, ruminal fermentation, and lactation performance. 
According to a recent meta-analysis study conducted by Khiaosa-ard and Zebeli 
(2013), the benefits of essential oil supplementation vary amongst ruminant 
species. Beef cattle, according to these authors, are more sensitive to essential 
oil than dairy cattle and small ruminants. Meanwhile, according to Gessner et al., 
(2015), milk performance was improved with the supplementation of dairy cow 
feed with polyphenol-rich grape seed and marc extract. Despite significant 
knowledge gained in recent years on the potential application of plant extract or 
plant components on rumen microbial fermentation modification and animal 
performances, the effects of plant extract supplementation to ruminant diets on 
their dairy performances such as milk compositions and fatty acid profiles are 
still lacking. Very few studies have reviewed and evaluated the changes in milk 
composition and milk fatty acid content when the animals have been fed with 
phytochemicals and lipids in the feed. Hence, in this part of the literature review, 
a systematic review was done to evaluate and summarize the extent of plant 
polyphenol supplementation effects on milk composition and fatty acid profile in 
ruminants. Further details of the systematic review methodologies can be found 
in the Appendices of this thesis. Onwards, the result and summary of the 
systematic review will be discussed further. 
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2.2.3.1 Effect of polyphenol supplementation on milk fat content 
 
 
Nineteen research articles reporting 44 studies, were eligible to be included in 
the analysis to evaluate the effects of polyphenol supplementation on milk fat 
content. Subgroup analyses were conducted to see whether different sources of 
polyphenols affect the fat content in the milk. The different polyphenol sources 
were grain, forages and agro-industrial by-products, which constitute six, 
seventeen and twenty-one studies, respectively. As depicted in Figure 6.2, the 
pooled standard mean differences showed did cross the line of no effect, and 
thus it can be concluded that the overall effect is not significant statistically when 
supplemented with polyphenols in the diet (P>0.05). Meanwhile, significant 
heterogeneity was observed for this outcome measure (P<0.05) (I2=93%). Sub-
group analysis was conducted to evaluate different sources of polyphenol 
supplementation (grain, forages, or agro-industrial by-products) effects on milk 
fat content. The analysis showed there are no significant differences (P>0.05) in 
milk fat content between different sources of polyphenol supplementations with 
significantly lower heterogeneity (I2=15.6%).  
 
 
It is clearly shown in the forest plot of the grain group that the 95% confidence 
intervals of four studies crossed the line of no effect. These studies, individually 
were not significant however the 95% confidence intervals of two studies by 
Mitsiopoulou et al. (WSS10) and Santos et al. (FO) did not cross the line of no 
effect, which means that the results from these individual studies were 
significant. Meanwhile, 95% confidence intervals of five studies crossed the line 
of no effect and twelve other studies did not cross the line of no effect as shown 
in the forest plot of the forages group. Among these twelve studies, the studies 
by Abbeddou et al. (LS) (2011) showed the highest standard mean difference 
and 95% confidence interval [3.91 (2.30, 5.52)] and the study by Cabiddu et al. 
4May showed the lowest standard mean differences and 95% confidence 
intervals [-6.58 (-8.77, -4.39)] in the forages group, which signalled these are the 
possible outliers for this group. Whereas, in the agro-industrial by-product group, 
95% confidence interval of ten studies crossed the line of no effect and eleven 
studies did not. The possible outliers for this group are shown by studies of 
Santos et al. PBP-E, where it is at the highest value of standard mean difference 
and 95% confident interval [6.02 (4.3, 7.74)] and the lowest value of standard 
mean difference and 95% confident interval is depicted by Silva et al. (WMM100) 
in his study with -4.12 (-5, -3.23).   
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Figure 2.6 : Forest plots for the links between milk fat content and 
polyphenol. 
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Figure 2.7 : Funnel plots for the links between milk fat content and 
polyphenol. 
 
 
2.2.3.2 Effect of polyphenol supplementation on milk protein content 
 
 
A total of 44 studies from 19 research articles were eligible to be included in the 
study to evaluate milk protein content as affected by polyphenol supplementation 
in the diets. Subgroup analyses were conducted to see whether different sources 
of polyphenols affect the milk protein content. The different polyphenol sources 
were grain, forages, and agro-industrial by-products, which constitute six, 
seventeen, and twenty-one studies, respectively. Figure 2.8 shows the forest plot 
of the effect of three different sources of polyphenol on protein content in milk. 
The pooled standard mean differences shown above did cross the line of no 
effect, which concludes that the overall effect is statistically insignificant when 
supplemented with polyphenols in the diet (P>0.05). However, it was observed 
that the heterogeneity for this overall outcome measure was significant 
(P<.0001) where I2=88%. When the analysis was done to evaluate different 
sources of polyphenol supplementation (grain, forages, or agro-industrial by-
products) effects on milk protein content, the results showed that there are no 
significant differences (P=0.18) in milk protein content between different sources 
of polyphenol supplementations with considerably low heterogeneity, I2=42%.  
 
In the forest plot of the grain group, 95% confidence intervals of three studies 
crossed the line of no effect while the other three did not cross the line of no 
effect. Since all of the confidence intervals of these studies falls within the range 
of pooled results of 95% confidence interval of this group (-1.60, 0.53), there are 
no outliers identified in the grain group of polyphenol sources. As for the forages 
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group of polyphenol sources, 95% confidence intervals of ten studies crossed 
the line of no effect and seven other studies did not cross the line of no effect as 
shown the forest plot.  Among these seven studies, Huang et al. 2022 showed 
the highest standard mean differences [4.26 (2.95, 5.58)] and the lowest value 
of standard mean differences [-2.05 (-3.07, -1.03)] was by the study of Cabiddu 
et al. 4May 2009, and thus also represent the potential outliers under forages 
group. Meanwhile, the forest plot of the agro-industrial by-product group showed 
95% confidence interval of ten studies crossed the line of no effect and eleven 
studies did not cross the line of no effect. However, the result for polyphenols 
from agro-industrial by-products showed significant differences (P=0.04) with 
significant heterogeneity at I2=91% (P<.00001). As for this group, Akhlaghi et al. 
(FO+PP) showed the highest value of standard mean differences at [4.83 (3.13, 
6.52)] and the lowest value of standard mean differences is by the study of 
Santos et al. (PBP) at [-2.37 (-3.3, -1.44)], in which also represented as possible 
outliers for this group.     
 
 

 
 
Figure 2.8 : Forest plots for the links between milk protein content and 
polyphenol.  
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Figure 2.9 : Funnel plots for the links between milk protein content and 
polyphenol. 
 
 
2.2.3.3 Effect of polyphenol supplementation on milk lactose content 
 
 
In the study to evaluate the effect of polyphenol supplementation on milk lactose 
content, thirty-seven studies from seventeen research articles were eligible to be 
included. Among the eligible publications, the number of studies belonging to 
grain, forages, and agro-industrial by-products are only six, fourteen, and 
seventeen studies, respectively. Forest plots of the effect of three different 
sources of polyphenol on lactose content in milk are shown in Figure 2.10. From 
the plot, it was observed that the pooled standard mean differences for overall 
effect did not cross the line of no effect, which concurs that the supplementation 
of polyphenol in the diet insignificantly affects lactose content in milk (P>0.05). 
However, it was noted that the heterogeneity for this overall outcome measure 
was significant (P<.0001) where I2=86%. There are significant differences 
(P<0.05) found when assessing different sources of polyphenol supplementation 
(grain, forages or agro-industrial by-products) effects on milk lactose content. 
Results showed that there are significant differences (P=0.02) in milk lactose 
content from grain source of polyphenol supplemented in the diet, with 
considerably moderate heterogeneity, I2=43%. 
 
In the grain group, the forest plot shown in Figure 2.10 shows 95% confidence 
intervals of four studies crossed the line of no effect while the other two did not 
cross the line of no effect. However, there were no outliers detected since the 
95% confidence intervals of all the studies included in the grain group overlap 
with the pooled standard mean differences of the grain group. Concurrently, 95% 
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confidence intervals of eleven studies crossed the line of no effect while three 
other studies did not cross the line of no effect as shown in the forest plot of the 
forages group. These three studies were the outliers for the forages group since 
it does not overlap with the pooled standard mean difference of the forages 
group. The highest value of the study standard mean difference and 95% 
confidence interval is from the studies of Khosravi et al. [2.25 (1.19, 3.31)] and 
the lowest value of the study standard mean difference and 95% confidence 
intervals are from the studies of Abeddou et al. (LS) with -2.84(-4.16, -1.53) and 
Abeddou et al. (OL) with -6.22(-8.54, -3.9). As for the agro-industrial by-product 
group, the forest plot showed 95% confidence interval of ten studies crossed the 
line of no effect and seven studies did not cross the line of no effect. Among the 
individually significant studies, the highest value of standard mean difference 
and 95% confidence interval was found in the study of Akhlagi et al. (FO+PP) 
with 3.86(2.42, 5.3), and the lowest value was shared with the study of Abeddou 
et al. (OC) and Abeddou et al. (TP) with -4.62(-6.44, -2.4). 
 
 

 
 
Figure 2.10 : Forest plots for the links between milk lactose content and 
polyphenol.  
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Figure 2.11 : Funnel plots for the links between milk lactose content and 
polyphenol. 
 
 
2.2.3.4 Effect of polyphenol supplementation on milk saturated fatty acid 
 content 
 
 
In the evaluation of milk saturated fatty acid content as affected by the 
supplementation of polyphenol, there are seventeen publications where the data 
from thirty-nine studies were incorporated in the review. Figure 6.8 depicts the 
forest plots of the effect of three different sources of polyphenol on saturated 
fatty acid content in milk. It was found that polyphenol supplementation 
significantly affects (P<0.05) the saturated fatty acid content in milk with 
significantly high heterogeneity (P<0.05) at I2=96%. In the analysis to evaluate 
different sources of polyphenol supplementations, it was also found that different 
polyphenol sources (grain, forages, or agro-industrial by-products) significantly 
affect (P<0.05) the content of saturated fatty acid in milk with high heterogeneity 
at I2=75.7%. Results showed that there are significant differences (P<0.05), with 
a heterogeneity of I2=89% in milk saturated fatty acid content from grain source 
of polyphenol supplemented in the diet, and significant differences (P<0.05) with 
a heterogeneity of I2=91% in milk saturated fatty acid content from forages 
source of polyphenol supplemented diet. The polyphenol from agro-industrial by-
product sources also showed a significant difference (P<0.05) in milk saturated 
fatty acid content at high heterogeneity of I2=97%.  
 
In the grain group of polyphenol sources, only one study showed the 95% 
confidence interval that crossed the line of no effect (Figure 6.8) while the other 
five did not cross the line of no effect. The study that crossed the line of no effect 
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also showed the lowest value of standard mean difference and 95% confidence 
interval at 0.51(-0.38,1.41) which is a study by Campione et al. (2021). 
Meanwhile, the study that recorded the highest value of standard mean 
difference and 95% confidence interval was by Santos et al.  (FO) with 7.05(5.08, 
9.02). In the forages group of polyphenol sources, the amount of studies in this 
group was evenly split with the 95% confidence interval of seven studies crossed 
the line of no effect while the other seven did not cross the line of no effect. The 
highest value of standard mean differences and 95% confident interval was 
recorded by the study of Kholif et al. (ME40) with 7.22 (5.21,9.23) and the lowest 
value of standard mean differences and 95% confident interval was found by 
Kalber et al. (BC-fm) with -0.49(-1.65,0.66). The forest plot of the agro-industrial 
by-product group showed the 95% confidence interval of all studies in the group 
did not cross the line of no effect and thus showed all studies in the group were 
significant, individually. Among the results, Abbeddou et al. (TP) (2011) showed 
the highest value of standard mean difference and 95% confidence interval with 
13.07(8.47,17.67) whereas Todaro et al. (FLP2) (2017) recorded the lowest 
value of standard mean difference and 95% confident interval with -3.22 (-4.35, 
-2.09) in this analysis. 
 
 

 
 
Figure 2.12 : Forest plots for the links between saturated fatty acid content 
in milk and polyphenol. 
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Figure 2.13 : Funnel plots for the links between milk saturated fatty acid 
content and polyphenol. 
 
 
2.2.3.5 Effect of polyphenol supplementation on milk medium-chained fatty 
 acid content 
 
 
In this study, the data from twenty-one studies were extracted from nine 
publications to evaluate the content of medium-chained fatty acid in milk when 
the animals were fed with a polyphenol-supplemented diet in the feed. The forest 
plot on the effect of polyphenol supplementation on medium-chained fatty acid 
content in milk is depicted in Figure 6.10. The pooled standard mean differences 
shown in the above figure recorded significant differences (P<0.05) with the 
heterogeneity of I2=96% which concurred that polyphenol supplementation 
significantly affects the medium-chained fatty acid content in milk. It was worth 
noting that different polyphenol sources (grain, forages or agro-industrial by-
products) significantly affect (P<0.05) the content of medium-chained fatty acid 
in milk with high heterogeneity at I2=87.7%. Results from the analyses show 
significant differences were noted in grain and agro-industrial by-product 
(P<0.05) polyphenol sources with the heterogeneity of I2=87% and I2=97%, 
respectively. 
 
 
It was shown in the forest plot of grain group (Figure 6.10) that 95% confidence 
intervals of all studies did not cross the line of no effect which indicates that the 
studies were individually significant where the highest value of standard mean 
difference, and 95% confident interval was recorded by Coreddu et al. (MIX) 
(2016) with 11.25 (5.64, 16.85) and the lowest value of standard mean difference 
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and 95% confident interval was by Mitsiopoulou et al. (WSS5) (2021) with 1.09 
(0.02, 2.16). The outlier among the studies in this group was also by Mitsiopoulou 
et al. (WSS5) (2021) since the 95% confidence interval of this study does not 
overlap with the group pooled standard mean differences. Meanwhile, the forest 
plot of the forages group (Figure 6.10) showed that 95% confidence intervals of 
two studies crossed the line of no effect while five other studies did not cross the 
line of no effect. There were no outliers detected in this group (Figure 6.10) since 
all 95% confidence intervals fall within the range of the pooled standard mean 
difference of this group. The highest value of standard mean difference and 95% 
confidence interval was found by Cabiddu et al. 4May (2009) with 3.67 (2.28, 
5.06) whereas Cabiddu et al. 17May (2009) recorded the lowest value of 
standard mean difference and 95% confidence interval with -4.66 (-6.31, -3.01). 
As for the agro-industrial by-product group, the forest plot showed 95% 
confidence interval of two studies crossed the line of no effect while ten other 
studies did not cross the line of no effect. It was observed that the highest value 
of standard mean difference and 95% confidence interval was by Abbeddou et 
al. (TP) (2011) with 12.65 (8.19, 17.11) while Todaro et al. FLP2 (2017) recorded 
the lowest value of standard mean difference and 95% confidence interval with 
-2.43 (-3.40, -1.46). Both of these studies were also among the outliers since 
their 95% confidence intervals did not overlap with the pooled standard mean 
differences of this group.    
 
 

 
 
Figure 2.14 : Forest plots for the links between medium-chain fatty acid in 
milk and polyphenol. 
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Figure 2.15 : Funnel plots for the links between medium-chain fatty acid 
in milk and polyphenol. 
 
 
2.2.3.6 Systematic review discussions on the effect of polyphenol 
 supplementation on milk composition and fatty acid of dairy animal 
 
 
Generally, plant polyphenol has been given to dairy animals to improve health 
and productivity. Dairy animal health and productivity can be enhanced through 
feeding feeds that contain plant components that have attractive biological 
properties such as antioxidant, anti-inflammatory and anti-microbial (Qin and 
Hou, 2017). In this study, the effects of plant polyphenols in dairy feeds on milk 
compositions and fatty acid content in milk were explored.  
 
 
In the present analysis, no clear difference was observed in milk fat content of 
animals fed with a polyphenol-supplemented diet compared with feed without 
polyphenol supplementation. Among the dietary supplementation throughout the 
reviewed study, the highest value of standard mean difference was found in the 
study of Santos et al. (FO) (2016) where flaxseed oil was included in the diet of 
dairy cows with total phenolic content of 0.392% in DM whereas the lowest value 
of standard mean difference is showed in the study of Cabiddu et al. 4May (2009) 
where polyethylene glycol was orally fed to the ewes during grazing the 
flowering-stages of pastures on 4May with total phenolic content of 3.21% in DM. 
From the observations in this study, the number of studies which favour the 
control diet is 13 while the number of studies which favour the polyphenol diet is 
12, where it can be concluded that the fat content in the milk is not affected 
significantly by the supplementation of polyphenols in the diet, despite having it 
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from different sources. It is interesting to note that the pooled effect estimate for 
the forages favour the control diet but the pooled effect estimate for grain and 
agro-industrial by-products favour the polyphenol diet.  
 
 
The same observations can be seen in the evaluation of milk protein content 
when supplemented with polyphenols in the diet where there are no significant 
effects were found on the overall effect of polyphenol supplementation in the diet. 
It is also found true when tested against different polyphenol sources, where 
there is no significant difference was found which suggests that milk protein 
content was similar throughout different polyphenol sources. Throughout the 
reviewed studies, Akhlaghi et al. (FO+PP) (2022) showed the highest value of 
standard mean difference with total phenolic content of 0.357% of DM, and 
Santos et al., (PBP) (2016) showed the lowest value of standard mean difference 
with total phenolic content of 2.83% of DM. According to the forest plot, the total 
number of studies that milk protein content favour the control diet is ten while the 
total number of studies that milk protein content favour the polyphenol diet is 
eleven. These findings lead to the insignificant results of this overall outcome 
effect, and only polyphenol source from agro-industrial by-product is found 
significant in this study. It is worth highlighting that the pooled effect estimate for 
the grain group favour the control diet but the pooled effect estimate for forages 
and agro-industrial by-products group favour the polyphenol diet and the overall 
pooled effect estimates favour the polyphenol diets with 0.22 value of the 
standard mean difference, although insignificant.  
 
 
In the evaluation of milk lactose content changes when supplemented with 
polyphenol diets, an insignificant result was reported in the overall effect 
estimates, on the other hand, a significant difference was found only in the grain 
group of polyphenol sources diet. Throughout the dietary supplementation in the 
reviewed studies, Akhlaghi et al. (FO+PP) (2022) again showed the highest 
value of the standard mean difference in this outcome with total phenolic content 
of 0.357% of DM and the lowest value of the standard mean difference in this 
outcome was by Abbeddou et al. (OL) (2011) with total phenolic content of 2.25% 
of DM. In this study, the number of studies that milk lactose content favours the 
control diet amounts to four, and the number of studies that milk lactose content 
favours the polyphenol diet amounts to eight. Meanwhile, it is worth mentioning 
that the milk lactose content of the studies in the grain groups favours the 
polyphenol diet compared with the control diet while the rest, although 
insignificant, milk lactose content of the studies in the forages group mostly 
favours the control diet and the agro-industrial by-product group favours 
polyphenol diet. This is in line with the reported study by Modarasi et al., (2011) 
where milk lactose content increased with pomegranate seed pulp 
supplementation, an agro-industrial by-product, in the feed and similarly, an 
increase in milk lactose content in the study by Caroprese et al., (2011) when 
lactating ewes were supplemented with flaxseed (grain group) as fat supplement 
under high temperature-humidity index value averaging 77 during daytime.  
 
 
In the effect of polyphenol supplementation in the diet on milk saturated fatty acid 
content, significant differences were observed in this study, in the overall pooled 
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estimate effect as well as all three different polyphenol sources (grain, forages 
and agro-industrial by-product). Among the reviewed studies, dietary 
supplementation by Abbeddou et al. (TP) (2011) showed the highest amount of 
the standard mean differences with total phenolic content of 0.6% of DM while 
the lowest value of the standard mean differences was by Todaro et al. (FLP2) 
(2017) with total phenolic content of 1.322% of DM. Interestingly, the total 
number of studies that milk saturated fatty acid content favours the polyphenol 
diet is 28 while the total number of studies that milk saturated fatty acid content 
favours the control diet is only three which concludes most result from individual 
studies in this outcome favours the polyphenol diets compared to control diet. 
The differences from the three studies mentioned previously might lies in its diet 
where they use fruit wastes such as pulp, peel and seed; in this cases mango 
and lemon to replace part of concentrates portion of the diet. The common 
content of phytochemical in these fruits are p-coumaric acid and ferulic acid, 
(Pieracci et al., 2022; Maldonado-celis et al. 2019) among others.  
 
 
The changes in medium-chained fatty acid content in the milk-fed with 
polyphenol supplementation in the diet showed similar outcomes as observed 
for milk SFA content, previously but not forages group. Among the dietary 
supplementation in this study, the highest value of the standard mean differences 
comes from the agro-industrial by-product group which is Abbeddou et al. (TP) 
(2011), where lipid-rich tomato pomace, which contains 0.6% of DM in phenolic 
content were included in the ewe’s diet. On contrary, the lowest value of standard 
mean differences in this study comes from the forages group, where Cabiddu et 
al. 17May (2009), in its study of polyethylene glycol oral supplementation to the 
ewes prior to grazing the flowering stages of Sulla pastures on 17May, in which 
the phenolic content of the pasture was 3.55% of DM. What stands out in this 
study was the total number of studies that favour the polyphenol diet was more 
than the total number of studies that favour the control diet, which is thirteen and 
five studies, respectively. The five studies that favour the control diets are 
considered outliers since it does not fall within the 95% of the confidence interval 
of overall effect estimates. Among the five studies were, both Todaro et al. (2017) 
study as previously mentioned in milk saturated fatty acid content, Cabiddu et al. 
17May (2009) study, Abbeddou et al. (OL) (2011), where polyphenol-rich olive 
leaves, which contains 2.25% of DM in phenolic content were included in the 
ewes' diet, and the study by Huang et al. (2022) where paulownia leaves silage 
was used as alfalfa silage replacement in dairy cows’ diet which contains 0.36% 
of DM in phenolic content. The most dominant phenolic acid in paulownia leaves 
silages as addressed by Huang et al. (2021), was phenylpropanoid glycosides 
meanwhile the most dominant phenolic acid in olives leaves are secoiridoids, 
oleuropein specifically, as secoiridoids is a family compound that is characteristic 
of Oleaceae plant (Hashmi et al., 2015).  
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2.2.3.7 Systematic review summary on the effect of polyphenol 
 supplementation on milk composition and fatty acid of dairy animal 
 
 
The current study shows milk fat, protein, and lactose content were unaffected 
by polyphenol supplementation, overall. However, when polyphenol 
supplementation was categorized into different sources (grain, forage, and agro-
industrial by-product), the milk protein content of the agro-industrial by-product 
group as well as the milk lactose content of the grain group was significantly 
affected. Both SFA and MCFA content in milk, show a significant difference in all 
three groups but not in the forage group of milk MCFA where it is insignificant. 
In conclusion, milk protein content was affected by agro-industrial by-product-
sources polyphenols, milk lactose content was influenced by grain-sources 
polyphenols, and both of these sources were impactful towards milk SFA 
content. On the other hand, milk MCFA was affected by all three polyphenol 
sources, significantly. 
 
 
2.2.4 Inclusion of oil palm agriculture waste by-products in animal feed 
 
 
Generally, lignocellulosic waste by-products and liquid waste by-products are the 
types of waste by-products produced by oil palm plantations and industry. Liquid 
waste such as palm oil mill effluent (POME) and lignocellulosic waste such as oil 
palm trunk (OPT), empty fruit bunch (EFB), fronds, palm pressed fibers, and 
shells. In Malaysia, oil palm frond has been incorporated as a substitute for 
tropical grasses in ruminants (Osman and Ishida, 1992). Several studies have 
been reported on the usage of oil palm fronds in ruminant feed (Goh, 2002; 
Ebrahimi et al., 2015; Ghani et al, 2017) and further produced quality meat 
(Ebrahimi et al., 2012) as well as milk (Lunsin et al., 2021). The presence of 
polyphenols in the feed material especially forage and roughages may contribute 
to the success of oil palm waste by-products in feeds as it could enhance 
performances in production and food oxidative stability in products originating 
from farm animals (Starčević et al., 2015). According to Neo et al. (2008), the 
phenolic of oil palm fruit contains high antioxidant activities along with high 
phenolic content and flavonoid content, which may help animals in combating 
oxidative stress. Farm animal are prone to oxidative stress due to heat stress 
especially in the tropical region. Hence, the usage of health-promoting bioactive 
compound present in the oil palm agricultural by-product may benefits the 
consuming animal.  
 
 
2.2.4.1 Oil palm empty fruit bunch 
 
 
Oil palm empty fruit bunch is an agricultural by-product of the oil palm plantation 
industry, which can be found in substantial amounts in Malaysia, as Malaysia is 
the second largest palm oil producer in the world. The term oil palm empty fruit 
bunch is the remaining biomass after the removal of fresh oil palm fruits from the 
fruit bunches, which is different from oil palm fresh fruit bunches and is 
characterised as newly, harvested oil palm fruit as shown in the Figure below. 
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After harvesting fresh fruit bunch in the plantation, the fruits are delivered to the 
oil palm mill within 24 hours for further processing to avoid palm oil quality being 
degraded due to the increased free fatty acid (FFA) formed (Osawa et al., 2007) 
as a result of lipase enzymatic degradation of triglycerides (Said et al., 2020). In 
the oil palm mill, the process starts with the sterilisation of the fresh fruit bunch, 
to soften the palm bunches and release the palm fruit, enzyme inactivation to 
stop the formation of FFA, and further remove moisture content from the bunch 
(Wae-hayee et al., 2022).  
 
 
Oil palm empty fruit bunch capability to become a renewable source in 
generating bio-oil, which may converted into biofuel, was indeed proven by 
Mohamed et al. (2014). It was then found that through their extraction study by 
using the green extraction technique (super-critical fluid extraction), the obtained 
bio-oil from the OPEFB has identified palmitic acid (C16:0) and stearic acid 
(C18:0) as the major compound found in the bio-oil (Mohamed et al., 2014).  
 
 

 
 

Figure 2.16 : Oil palm fresh fruit bunch and oil palm empty fruit bunch. 
 
 
2.3 Consumer concerns related to milk consumption 
 
 
Milk is one of the animal products that is an excellent source of vitamins and 
minerals, particularly calcium and high-quality protein. Milk from ruminant also 
provide essential amino acid that is vital in the muscle protein synthesis. The 
importance of milk during childhood is widely known. It has been reported that 
undernourished children may experience stunting, and a high risk of short-term 
cognitive development, while undernourished adults may have hyperglycemia, 
hypertension, elevated blood lipids as well as obesity (de Onis and Branca, 
2016). It was emphasized by Michaelsen (2013) that milk possessed certain 
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growth-promoting effects in children, which is seen in developed and developing 
countries. This suggests that children's growth may commence provided with 
adequate energy and nutrient intake. 
 
 
It was argued that dietary saturated fatty acid consumption should be reduced in 
order to decrease metabolic syndrome and cardiovascular disease (CVD) risk, 
and milk, being a high-fat sourced food, was linked with the incidence of the 
diseases mentioned. According to WHO (2003), studies have established 
overindulgence in saturated and trans-fatty acids is related to the elevated risks 
of human CVD. The current level of trans fatty acid intake in the human diet from 
ruminant-derived food has shown no association with the increasing risk of 
cardiovascular diseases (Jakobson et al., 2006; Chardigny et al., 2008) it is 
becoming evident as clinical trial data tend to incriminate trans fatty acid with 
more than one double bond as harmful (Shingfield et al., 2008b). However, 
recent scientific studies did not support the relationship between biomarkers of 
dairy fat intake with the risk of diabetes mellitus or CVD, but further suggests that 
consumption of dairy fat within the typical dietary pattern is inversely related to 
previously mentioned risk (Alexander et al., 2016; Kratz, Baars, and Guyenet, 
2013; Thorning et al., 2017). 
 
 
In the past, the intake of C12:0, C14:0, and C16:0 saturated fatty acid in 
excessive amount were regards as unhealthy but due to recent approach of 
nutrient composition of milk, a term called dairy matrix, would change the 
responses of blood lipid to saturated fatty acid by the presence of few dairy 
matrix component such as calcium, peptides, phosphorus and the milk fat 
globule membrane (Thorning et al., 2017). This results in the 
hypercholesterolemic fatty acid (C12:0, C14:0, and C16:0) having no impact on 
the parameters of cardiovascular health when supplied in the dairy matrix. Thus, 
milk fat remains exclusively as the source of certain bio-actives compounds from 
animals, and the importance of milk in the human diet was inevitable. 
 
 
2.4 Summary 
 
 
Small ruminant dairy industry is a slow-growing agricultural sub-sector in Asia. 
Increasing awareness of milk consumption has put the industry back on the 
resurgence and as a result, milk prices increase. The usage of polyphenol-rich 
agriculture by- products in dairy feed as shortage of high-quality roughage supply 
occurs may provide a solution for farmer’s interest in small ruminant husbandry. 
Naturally rich anti- oxidants in milk as a result of utilizing high-polyphenol agro-
byproducts in feed is expected as phytochemical compounds may absorbed and 
deposited in milk. To the best of our knowledge, empty fruit bunch, an agricultural 
waste from oil palm plantations, readily available in Malaysia, has never been 
used as part of animal feed in modifying milk nutrients and composition. Hence, 
current research is focusing on oil-palm empty fruit bunch utilization in dairy 
goats, and its response to fermentation and milk products. These are done with 
the aim of not only diversifying the feed sources for ruminants but also to further 
optimize and improve the resultant goat's milk for human health. 
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CHAPTER 3 
 
 

CHARACTERISATION OF OIL PALM EMPTY FRUIT BUNCH METHANOLIC 
EXTRACT 

 
 
3.1 Introduction 
 
 
Oil palm empty fruit bunch (OPEFB) and fronds are two types of oil palm by-
products from an oil palm plantation. In the palm oil mill, OPEFB production 
amounted to 23% of fresh fruit bunch after being processed (Sadi, 1992; 
Schmidt, 2007). The disposal of these waste products was either deposited back 
in the plantation or burnt within nearby factory facilities which is always a concern 
of every oil palm factory management whenever it is high in production season.  
 
 
In Malaysia, cattle integration systems under oil palm plantations are easily 
implemented due to the shade provided by the trees. Oil palm wastes are usually 
used for livestock feed through various interventions in order to reduce wastage. 
Oil palm fronds were a popular choice among farmers to use as animal feed, by 
either fresh chopped OPF, silage, or pelleted/cubed. Meanwhile, OPEFB was an 
unpopular choice due to its high content of fibre. Early studies by Mat Rasol et 
al., (1993) showed OPEFB fermented by inoculating Pleurotus sajor-caju was 
found to be palatable to beef cattle. OPEFB is regarded as high-quality organic 
matter material compared to other oil palm plantation by-products, and it is useful 
for soil properties improvement due to its nutrient-rich content, high loading rate 
and fast decomposition rate, despite its bulk (Sung, 2016). It is considered a loss 
if there is no investigation done on the chemical constituent residue in the 
OPEFB, and it is vital to explore OPEFB as a possible raw material source for 
future use which may increase its value.  
 
 
In the present study, OPEFB chemical constituent residue was extracted by 
using a solvent system in order to further understand its content and benefits. A 
previous study by Jaffri et al., (2011) showed that oil palm leaves are rich sources 
of polyphenols, meanwhile, Al-Jumaili (2018) identified 56 chemical constituents 
in his study of oil palm leaf methanolic extract characterization with linolenic acid, 
methyl ester was the major compound of interest contained in the oil palm leaf 
extracts. Whereas, n-hexadecanoic acid was the major compound of interest 
found in oil palm fruits, oleic acid came as the second major compound of interest 
(Odion et al., 2010). As of this moment, there is a lack of literature published on 
the characterisation of OPEFB extract where phytochemicals and bioactive 
compounds was identified. Therefore, this study was done with the objective is 
to determine the bioactive phytochemical constituents in the oil palm empty fruit 
bunch methanolic extract. 
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3.2 Materials and methods 
 
 
3.2.1 The preparation of the extract 
 
 
Fresh fruit bunchs were collected from Eng Hong Palm Oil Mill Sdn. Bhd. (GPS 
coordinates: 2.8598918783, 101.476206779), an oil palm processing plant in 
Banting, Selangor, Malaysia. Upon retrieving the fresh fruit bunch of oil palm, 
bunches were shredded into small pieces approximately 2cm long and 1cm wide. 
Then, it was soaked in methanol at the ratio of 1:3 w/v for 72 hours, and was 
shaken for every hour prior to the collection of the methanolic extract and 
strained through a 4-layer muslin cloth before storage at room temperature 
(26±1°C). Methanol was chosen as a solvent in this extraction system due to its 
high polarity and is considered as universal solvent, as it can extract polar and 
non-polar component (Riyadi et al., 2023). The methanolic extract was 
centrifuged at 4000rpm for 20 minutes before storage at room temperature if the 
methanolic extract still contain large particles from the empty bunches. The 
methanolic extract were then evaporated under partial vacuum using a rotor 
evaporator (Heidolph, Germany). The concentrate is then stored at -80°C 
freezer. The oil palm empty fruit bunch methanolic extract is then used to prepare 
the treatment diets for in-vitro and in-vivo animal trials. 
 
 

 
 

Figure 3.1 : Chopped oil palm empty fruit bunches. 
 © C

OPYRIG
HT U

PM



33 

 

 
 
Figure 3.2 : The methanolic extract of oil palm empty fruit bunch at the ratio 
of 1:3 (w/v) kept within a month before further rotor-evaporated into 
concentrate. (From left: methanolic extract after centrifugation and methanolic 
extract before centrifugation).  
 
 
3.2.2 Determination of plant secondary compound in OPEFB extract 
 
 
3.2.2.1 Determination of total phenol (TP) 
 
 
OPEFB extract were subjected to determine the content of total phenol (TP) 
according to the method reported by Ismail et al. (2010). Fifty µl of OPEFB 
extract were used in a test tube and the volume was made up to 1.0 ml with 
distilled water. Next, 0.5 ml of Folin Ciocalteu reagent was added and was mixed 
properly. Then, 2.5 ml of sodium carbonate solution (20% w/v) were added, 
mixed and kept for 40 min at room temperature (26 ˚C). The optical density were 
measured at 725 nm wavelength in a spectrophotometer (Spectro Sc 20, 
Labomed, Inc. USA). The phenol concentration in the OPEFB extract was 
estimated from a constructed standard curve (Ismail et al., 2010). The TP was 
estimated as tannic acid equivalents and expressed on a dry matter (DM) basis. 
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3.2.2.2 Determination of total tannin (TT) 
 
 
Total tannin was measured by substracting non-TP from TP (TT = TP – non-TP). 
The portion of non-TP was determined by precipitating tannins using polyvinyl 
poly pyrrolidone (PVPP), which binds tannins. To bind tannins, 200 mg of PVPP 
were placed in a test tube along with 2.0 ml of distilled water and then 2.0 ml of 
OPEFB extract were added. The mixture was filtered and 150 µl of the filtrate 
was placed in a test tube and the volume was made up to 1.0 ml with distilled 
water. The rest of the processes were the same as the determination of TP as 
mentioned previously. The concentration of the non-TP was calculated 
according to the standard curve and were expressed on dry matter (DM) basis 
as described by Hiai et al. (1976).  
 
 
3.2.2.3 Determination of total flavonoid (TF) 
 
 
The determination of the total flavonoids content of OPEFB extract was done 
according to the method of Quettier-deleu et al. (2000).  Approximately, 1 ml of 
OPEFB extract was added to 1 ml of methanolic aluminum chloride hexahydrate 
(AlCl3, 6H2O). The mixture was left for 10 minutes before the absorbance was 
measured at 430 nm by a spectrophotometer. The assay was done in triplicate 
and the results were expressed in mg rutin/100 g dry matter, calculated using a 
rutin standard curve (A430=0.0056x + 0.1343, x=rutin, r=0.9735), estimated using 
8 concentrations of rutin (25-1000 µg/ml). 
 
 
3.2.3 Determination of lipid oxidation 
 
 
Lipid peroxidation activity was measured through a modified thiobarbituric acid-
reactive species (TBARS) assay by using egg-yolk homogenates as lipid-rich 
media (Ruberto et al., 2000). Egg homogenate (250 µl, 10% in distilled water, 
v/v) and 50 µl of extract were mixed in a test tube and the volume was made up 
to 500 µl, by adding distilled water. Finally, 25 µl FeSO4 (0.07 M) was added to 
the above mixture and incubated for 30min, to induce lipid peroxidation. 
Thereafter, 750 µl of 20% acetic acid (pH 3.5) and 750 µl of 0.8% TBA (w/v) 
(prepared in 1.1% sodium dodecyl sulphate) and 25 µl 20% TCA were added, 
vortexed, and then heated in a boiling water bath for 60min. After cooling, 3.0 
mL of 1-butanol was added to each tube and centrifuged at 3000 rpm for 10min. 
The absorbance of the organic upper layer was measured against 3mL butanol 
at 532 nm. For the blank 50 µl of distilled water was used in place of the OPEFB 
extract. 
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3.2.4 Characterisation of OPEFB methanolic extract by GC-MS analysis 
 
 
An analysis by gas chromatography-mass spectrometry (GC-MS) was done to 
identify the compound present in the OPEFB extract (Arunkumar and 
Muthuselvam, 2009; Delazar et al., 2009). The OPEFB methanolic extract was 
filtered through a 0.45µm syringe filter straight into a 1.5ml embered glass 
autosampler GC vial for analysis. The analysis was performed on an Agilent 
7890A gas chromatograph (GC) coupled directly to the mass spectrometer 
system (MS) of an Agilent 5975C inert MSD with a triple-axis detector. The 
column used was the DB-5MS UI, length 30 m, diameter 0.25 mm, film thickness 
0.25 μm and 5% phenyl methylpolysiloxane as stationary phase (Agilent 
Technologies, Santa Clara, CA, USA). The MSD Chemstation was used to find, 
integrate and count all the peaks in the raw GC chromatogram. A library search 
was carried out for all the peaks using the NIST/EPA/NIH version 2.0, and the 
results were combined in a single peak table. The instrument used in this study 
has been supported by the Molecular Structure Characterization Laboratory, 
Centre for Research and Instrumentation Management (CRIM), Universiti 
Kebangsaan Malaysia (UKM). 
 
 
3.3 Results 
 
 
The yield of OPEFB methanolic extract in this study was 28.32 g/kg OPEFB DM. 
The bioactive content of OPEFB extract are shown in Table 3.1. This OPEFB 
methanolic extract yields are much lower than the methanolic extract in previous 
study by Al-Jumaili (2018), which is 60 g/kg DM extracted from oil palm leaves. 
 
 
Table 3.1 Biochemical analysis of OPEFB (mean % DM ± SE). 
 

Item TP TT TF 
Lipid peroxidation activity, 

ml MDA/L extract 

OPEFB 
extract 

3.98 ± 0.11 2.37 ± 0.11 1.30 ± 0.01 7.17 ± 0.24 

OPEFB: oil palm empty fruit bunch; DM: dry matter; TP: total polyphenols; TT: total tannins; TF: total 
flavonoids; and MDA: Malondialdehyde. 

 
The GC-MS analysis of OPEFB methanolic extract showed the extract contained 
a total of 70 compounds (Appendix C1) based on the number of peaks, peak 
area percentage, retention time, molecular formula, and molecular weight. 
Chemical constituents were identified using spectrum data-based software 
(NIST 11.0) installed in GC-MS. GC-MS analysis were conducted to identify 
major chemical compounds that are extracted from OPEFB and its biological 
activities. The major phytochemical compounds found in OPEFB methanolic 
extract are hexadecanoic acid, methyl ester, a linoleic acid ester (41.29%), 11-
Octadecenoic acid, methyl ester, a methyl trans vaccenic acid (32.23%), 9,12-
Octadecadienoic acid (Z,Z)-, methyl ester, a linolenic acid (9.55%), methyl 
stearate (2.55%), and  n-hexadecanoic acid, a palmitic acid (1.94%). 
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Table 3.2 The potential activity of the major identified compound in OPEFB 
extract.  
 

Items Area (%) Library ID Potential activity 

46, Appendix 
C1 

41.2894 Hexadecanoic acid, 
methyl ester 
 

Antioxidant, hypocholesterolemic, 
nematicide, pesticide, anti-
androgenic flavor, haemolytic 
anti-inflammatory, 
hypocholesterolemic, 
hepatoprotective, insectifuge, 
antihistaminic, antieczemic, 
antiacne, antiandrogenic, 
antiarthritic, anticoronary 

55, Appendix 
C1 

32.2902 11-Octadecenoic acid, 
methyl ester  

Antioxidant and antimicrobial  

54, Appendix 
C1 

9.5539 9,12-Octadecadienoic 
acid (Z,Z)-, methyl ester  

Antioxidant, anti-inflammatory, 
antibacterial, hypocholesterolemic 
and hepatoprotective activities, 

47, Appendix 
C1 

1.9438 n-Hexadecanoic acid  
 

Antioxidant, hypocholesterolemic 
nematicide, pesticide, anti 
androgenic flavor, hemolytic, 5-
Alpha reductase inhibitor, 
antimicrobial 

57, Appendix 
C1 

0.9587 trans-13-Octadecenoic 
acid  

Good anti-inflammatory activity, 
antimicrobial 

29, Appendix 
C1 

0.8521 Methyl tetradecanoate  Antiplatelet activity 

44, Appendix 
C1 

0.4767 7-Hexadecenoic acid, 
methyl ester, (Z)-  

Anti-inflammatory, 
antimicrobial 

49, Appendix 
C1 

0.4422 Hexadecanoic acid, 15-
methyl-, methyl ester  

6, Appendix 
C1 

0.4321 2-Methoxy-4-vinylphenol  Antimicrobial, antioxidant, anti-
inflammatory 

39, Appendix 
C1 

0.3404 2-Propenoic acid, 3-(4-
hydroxy-3-
methoxyphenyl)-, methyl 
ester 

Antimicrobial, 
antioxidant, antiviral  

43, Appendix 
C1 

0.3351 Pentadecanoic acid, 14-
methyl-, methyl ester  

Antioxidant, antifungal, and 
antimicrobial activities. 

13, Appendix 
C1 

0.1308 Butylated Hydroxytoluene  Antioxidant 

Source: Dr. Duke’s Phytochemical and Ethnobotanical Databases (Duke, 1994). 
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Figure 3.3 : GC-MS chromatogram of oil palm empty fruit bunch methanolic 
extract. 
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3.4 Discussion 
 
 
The yield of OPEFB methanolic extract in this study was 28.32 g/kg OPEFB DM, 
which is much lower compared to the yield of OPLE methanolic extract of 60 g/kg 
oil palm leaves reported by Al-Jumaili (2018), conducted with the same 
procedures. 
 
 
Current study reported that OPEFB extract contain 3.98% of total polyphenol 
content which is lower than the OPEFB extracted with dichloromethane, at 4.2% 
(Sabrina et al., 2012) and 4.54% in OPLE (Al-Jumaili, 2018), but higher 
compared to OPEFB extraction with ethanol; 1.79% (Tsouko et al., 2019). The 
differences between the amount of polyphenolic content obtained in current 
study with result reported by Al-Jumaili (2018) were due to the different parts of 
the oil palm used, which are empty fruit bunch and leaves, respectively. This 
finding are in line with previous studies that reported total polyphenol content of 
leaf extract was higher than other plant part (Pyo et al., 2004; Wong and Kitts, 
2006). In present study, the amount of tannin in the OPEFB methanolic extract 
are lower than tannin extracted from OPEFB acetonic extract, which is 2.37% 
and 4.54% (Ibrahim et al., 2005), respectively. OPEFB extract in this study 
contain higher tannin content when compared to the tannin content of the leaf 
extract as reported by Al-Jumaili (2018) which is 2.37% and 1.52%, respectively. 
The differences of the tannin content may be due to the parts of the plant used 
to extract from, as copious amount of plant tannins are in susceptible parts of 
plants to predation (Terrill et al., 1992), such as new leaves, buds and fruits. It 
was also reported by previous study that tannin extracted by methanol resulting 
in more yield as compared to water extraction (Duraisamy et al., 2020; Medini et 
al., 2014). Meanwhile, total flavonoid content of the OPEFB extract showed in 
this study were higher; 1.30% DM as compared to the content in OPLE extract 
by Al-Jumaili, (2018); 0.28% DM and another study performed by Ahmad et al. 
(2018) where they investigate phytochemical content in oil palm leaves extract 
through a few ethanol extraction systems, in which the highest content were 
1.16% DM. As mentioned before, the differences may lie on the fact that different 
part of plant used for extraction. Plant flavonoid has been associated with 
pollination, plant-pathogen interaction, light screening, seed development and 
allelopathy (Winkel Shirley, 2001) which suggests flavonoid are abundant in 
flower (Tuyen et al., 2017) and fruits (Zoratti et al.,2014). Therefore, it is clear 
that the current work reflects to the accumulation of select flavonoid in OPEFB. 
 
 
In the present study, extracted polyphenol from OPEFB were characterised. 
Through GC-MS characterisation studies, 12 components were identified and 
chosen according the highest area peak percentage or with interested activity. 
The identified component showed interesting activities such as anti-oxidant, anti-
inflammatory, anti-microbial, anti-cancer, and anti-fungal, among others. 
Hexadecanoic acid, methyl ester was found as the highest constituent (41.3%) 
in the OPEFB extract in this study, which followed by 11-Octadecenoic acid, 
methyl ester (32.3%). This finding corroborated with Odion et al. (2020) in their 
study on compound identification of Elaeis guineensis fruit where hexadecanoic 
acid, methyl ester was in the highest quantity (10.53%), as well as oleic acid 
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(25.92%). n-hexadecanoic acid (31.41%), cis-vaccenic acid (22.82%) and 
octadecanoic acid (13.16%), in which are also present in our extract although it 
was in different amount. 
 
 
According to the current study, the extract also detected to have anti-microbial 
properties (Table 3.2). Previous study by Al-Jumaili (2018) showed a decrease 
in the population of Butyrivibrio fibrisolvens and methanobacteriales while R. 
albus population increases with the inclusion of oil palm leaves extract in the 
substrates of the in-vitro study. This shows that there are compounds in the 
OPLE extract that have selective anti-microbial effect towards microbial 
population in the rumen. As the extract possess selective anti-microbial effect 
against rumen microbial population, it would inadvertently affect fibre digestibility 
as R. albus population increases, fibre degradation may increase as well due to 
earlier studies reported that R. albus are one of the three species that plays a 
key role in fibre degradations (Kala et al., 2017; Wanapat and Cherdtong, 2009).  
The compound contained in EFB extract that have anti-microbial properties in 
the current study are 11-Octadecenoic acid, methyl ester, n-Hexadecanoic acid, 
trans-13-Octadecenoic acid, 7-Hexadecenoic acid, methyl ester, (Z)-, 
Hexadecanoic acid, 15-methyl-, methyl ester, 2-Methoxy-4-vinylphenol, 2-
Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl)-, methyl ester, and 
Pentadecanoic acid, 14-methyl-, methyl ester. As most of these compounds was 
fatty acid methyl esters, it is well known that long chain unsaturated fatty acids 
are to inhibit Gram-negative bacteria such as Escherichia coli (Dilika, Bremner, 
and Meyer, 2000; Sun, O’Conner and Roberton, 2003). These differences in the 
gram-positive and gram-negative bacterias sensitivities to fatty acids may due to 
the impermeability of the Gram-negative bacteria outer membrane, which is an 
effective barrier against hydrophobic substances (Galbraith and Miller, 1973; 
Sheu and Freese, 1973; Sheu et al., 1975).  
 
 
The present study also showed that OPEFB extract possesses compounds that 
may exhibit antioxidant properties (Table 3.2). It was reported that phenolic play 
a vital role in antioxidant activity and stronger antioxidant activity are results of a 
higher content in phenolic (Sumczynski et al., 2016), especially in flavonoid 
content (Ismail et al., 2010). This was due to its scavenging ability resulting in 
the hydroxyl group directly contributing to antioxidative action (Vadnere et al., 
2012, Bendary et al., 2013). It was established that there is positive correlation 
between antioxidant potential with the bacteriostatic activity of plant extract 
(Nikitina et al., 2007). In the current study, components that exhibit anti-oxidant 
activities in OPEFB extract are higher amounted as compared with the result by 
Al-Jumaili (2018) where Hexadecanoic acid, methyl ester, component in the 
OPEFB extract in which is the highest amount (41%), while 9, 12, 15-
Octadecatrienoic acid, methyl ester, (Z, Z, Z)- is the component in OPLE that is 
the highest amount (16.5%) in which contain antioxidant activities. Henceforth, 
in this study, the compounds contained in OPEFB extract that have anti-oxidant 
properties are Hexadecanoic acid, methyl ester (41.3%), 11-Octadecenoic acid, 
methyl ester (32.3%), 9,12-Octadecadienoic acid (Z, Z)-, methyl ester (9.6%), n-
Hexadecanoic acid (1.94%), 2-Methoxy-4-vinylphenol (0.43%), 2-Propenoic 
acid, 3-(4-hydroxy-3-methoxyphenyl)-, methyl ester (0.34%), Pentadecanoic 
acid, 14-methyl-, methyl ester (0.34%), and Butylated Hydroxytoluene (0.13%). 
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Since most of the interested compounds in OPEFB extract exhibit antioxidant 
activity, it shows that OPEFB extract can be considered as a potential natural 
antioxidant source. Therefore, OPEFB extract that has compounds with 
antioxidant and antimicrobial properties would modify the dinamics of rumen 
microbial community as well as fortified antioxidant capacity in the rumen while 
avoiding oxidative stress especially during high concentrate feeding (Bezerra et 
al., 2020).  
 
 
Present study shows Hexadecanoic acid, methyl ester or can be called methyl 
palmitate or margaric acid, with a molecular weight of 270.4507 (Appendix C1) 
represented the highest amount, 41.3% of total identified amount in OPEFB 
extract. In leaves extract of palm oil as previously studied by Al-Jumaili (2018), 
methyl palmitate only amounted to 3.87% of total identified compound which is 
much lower than detected in current study. Methyl palmitate or margaric acid 
(C17) is an odd-chain fatty acid, along with branch-chain fatty acid were closely 
related to VFA, microbial crude protein (MCP) and bacterial population in the 
rumen (Xin et al., 2021). It shows positive correlations between margaric acid 
concentration in the rumen with total VFA and MCP, while total C17 which 
includes iso-C17 and anteiso-C17, positively correlates with butyrate 
concentration in the in-vitro pure carbohydrate mixture incubation study. This 
suggested that the presence of species-specific microbes (Marinšek Logar et al., 
2001; Kopečný et al., 2003 in relation to the amount of odd branch-chain fatty 
acid concentration in the rumen. The changes of rumen bacterial population 
shifts can be reflected by the amount of OBCFA (anteiso-C15 and iso-C17, 
especially), where cellulolytic bacteria (R. flavefaciens and B. fibrisolvens) are 
enriched in iso-C17:0, meanwhile the amylolytic bacteria (S. ruminantium, R. 
amilophilus, and S. dextrinosolvens) contain low iso-C17:0 (Vlaeminck et al., 
2006). 
 
 
Apart from major fatty acid esters in the extract, 2-Methoxy-4-vinylphenol and 
butylated hydroxytoluene are among other compounds detected its presence in 
the EFB extract. 2-Methoxy-4-vinylphenol are an interesting volatile compound. 
It falls under flavonoids of natural compound and according to Jeong and Jeong 
(2010), it demonstrated to have potent anti-carcinogenic activity by specifically 
blocking the hyper-phosphorylation of retinoblastoma protein in vitro. Plants from 
different region may contribute in the differences in the phytochemical presence 
in the plant extract. This is due to the evolution of plant defences, the tropical 
tree leaves contained higher phenolic diversity (Peguero et al., 2021). Elaeis 
genus belong to the Palm family or in correct term is Arecaceae, (Dransfield et 
al., 2008) which is the one of oldest family of flowering plant, dating to 
Cretaceous period (Purseglove, 1972). Henceforth, showing that palm tree 
successfully survived over a long period of time, through the plant structural and 
chemical evolution (Dransfield et al., 2008; Windsor-Colins, 2007). 
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3.5 Conclusion 
 
 
This study revealed the presence of at least 70 phytochemical constituents in oil 
palm empty fruit bunch methanolic extract. There are at least twelve major 
phytochemical constituents, with the highest content being hexadecanoic acid, 
methyl ester, and 11-Octadecenoic acid, methyl ester as the second highest 
content in OPEFB extract. Identification of these compounds in the oil palm 
empty fruit bunch extract serves as the basis for discovering new novel 
compounds in waste products of oil palm plantations and determining future 
possible downstream products. 
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CHAPTER 4 
 
 

EFFECT OF OIL PALM EMPTY FRUIT BUNCH METHANOLIC 
EXTRACT ON IN-VITRO RUMEN FERMENTATION CHARACTERISTICS IN 

GOAT 
 
 

4.1 Introduction 
 
 
The in-vitro rumen fermentation technique is a beneficial tool that enables wide 
screening of potential feedstuff within a relatively short time scale by simulating 
the incubation of an anaerobic environment inside the rumen. McBee (1953) and 
Hungate (1966) were the first who develop the principle of potential rumen feed 
degradability or fermentability through the measurement of gas production from 
a batch culture. Over the years, the techniques have been well developed and 
discussed and it is still widely used to predict the digestibility of feedstuffs, 
evaluate the effects of secondary compounds and feed additives on rumen 
microbial activity, determining fermentation kinetics, and analysing the 
fermentation products of various feedstuffs (Getachew et al., 2005). 
 
 
Alterations in feed ration lead to modifications in the rumen microbial community 
that modify fermentation patterns and affect changes in the product of nutrient 
digestion in the rumen; such as rumen ammonia nitrogen (NH3N), volatile fatty 
acid (VFA) or specifically short-chained fatty acid, fatty acid (medium-chained 
fatty acid and long-chained fatty acid) and to such extent, lactic acid to produce 
better ruminant product. Feed interventions such as incorporating plant oil rich 
in linoleic acid (Almeida et al., 2013), marine lipid (Toral et al., 2014), and plant 
seeds (Schettino et al., 2017), among others, is a strategy to enhance beneficial 
fatty acids in animal products for human health benefits. Similarly, 
supplementation of plant phenolic compounds in the ruminant diet has shown 
promising results in reducing biohydrogenation in the rumen (Jayanegara et al. 
2012, Wanapat et al., 2014). Oil palm leaves, which contain high levels of 
polyphenols and tannin (Jaffri et al., 2011) can reduce biohydrogenation in 
ruminants (Cabiddu et al., 2009). In the current study, oil palm empty fruit bunch, 
a by-product of palm oil plantation was utilized through methanolic extraction to 
obtain plant bio-actives to incorporate it in the animal feed to further improved 
animal produce. The extraction process of obtaining bio-actives from the empty 
fruit bunch can rule out the biggest predicament of using empty fruit bunch in 
animal feed, high lignocellulosic content, while still benefiting from it through its 
bio-actives content. In the previous chapter, it was recorded that OPEFB extract 
contains hexadecanoic acid, methyl ester or methyl palmitate as the highest bio-
active component in the extract. Methyl palmitate has antibacterial activity as 
stated by Astiti and Ramona (2021) where the mechanism of the antibacterial 
activity was through impairing the walls and membranes of bacterial cells. In 
addition, methyl palmitate from banana corm was also recorded to have anti-
bacterial activity against Escherichia coli, Salmonella typhi, Staphylococcus 
aureus, and Bacillus cereus (Fajrih et al., 2022). Another study of feeding oil 
palm vegetation liquor extract to rat increase Ruminococcus sp. in ceacal digesta 
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while total bacteria in ceacal digesta remains unaffected (Conlon et al., 2020). 
Meanwhile, it was reported that methyl palmitate contained in mint (Mentha 
spicata) has antioxidant potential (Abdel-Hady et al., 2018) and in Cirsium 
arvense plants have antimicrobials, pesticides, and nematicides potential (Hema 
et al., 2011; Banaras et al., 2017). Hence, it is imperative to assess the potential 
of OPEFB extract which contains a substantial amount of methyl palmitate, on 
the rumen fermentation, in-vitro, especially the microbial population of the 
rumen. Thus, the objective of this study is to evaluate the effect of OPEFB extract 
on in vitro rumen fermentation characteristics in goats. 
 
 
4.2 Materials and methods 
 
 
4.2.1 Preparation of substrate 
 
 
The substrate used in the present study was a 60:40 mixture of napier grass and 
commercial concentrates. The dietary treatment was designed according to Kim 
et al., (2015) and Avila et al., (2020) Before mixing, both materials were dried 
separately in a 60°C oven for 24 hours and ground to pass through a 1mm sieve. 
The OPEFB extract is then included in the weighted, mixed substrate at their 
respective inclusion percentage (0%, 5% and 10% w: w) prior to the start of in-
vitro gas production study. Dry matter, ash, crude protein and ether extract of 
the substrates were determined according to AOAC (1999). Neutral detergent 
fibre, acid detergent fibre and acid detergent lignin were determined according 
to Van Soest et al. (1991). 
 
 
Table 4.1 : Feed composition (%) of dietary treatments. 
 

Feed composition CON 5% OPEFB 10% OPEFB 

Napier grass 60 60 60 
Commercial pellet 40 40 40 
OPEFB methanolic extract - 5 10 
Gross energy (MJ/kg) 3.681 3.701 3.681 
Dry matter 90.33 89.76 87.93 
Crude protein 13.77 12.91 13.36 
Neutral detergent fibre 59.40 58.33 57.92 
Acid detergent fibre 38.60 40.53 41.39 
Acid detergent lignin 4.73 5.40 5.08 
Ether extract 1.74 4.14 6.20 

Control (0 %, basal diet: concentrate + napier grass (40:60 %)), OPEFB extract diet (5% and 10% 
OPEFB extract per DM diet). 
 
 

4.2.2 Animal management and rumen fluid collection 
 
 
The experiment protocol was approved by the Animal Care and Ethics 
Committee of the Universiti Putra Malaysia (UPM/IACUC/AUP-R0048/2017). 
Three female Saanen dairy goats were used as rumen fluid donors. Animals 
were fed a 60:40 mixture of napier grass and commercial pellet, where the 
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amount of feed was given to the animal as per dry matter basis at 3.0% of BW, 
twice a day. The animals were kept in individual cages where water and mineral 
blocks were available at all times. Rumen fluid was obtained at 0800 h, before 
morning feeding through stomach tubing as described by Harun (2015) from 
each of the does. The animals was manually restrained by a handler while the 
rumen fluid was obtained. The amount of rumen fluid taken from each doe was 
around 50ml, amounting to 150ml of rumen fluid. Then, rumen fluid was strained 
through 4 layers of muslin cloth and kept in a pre-warmed thermos flask that was 
pre-flushed with carbon dioxide and transported to the laboratory. 
 
 
4.2.3 In-vitro gas production 
 
 
The gas production study was conducted by using an extract (oil palm empty 
fruit bunch extract) and three levels of inclusion (0%, 5%, or 10%). The 
incubation for gas production study was done according to Fievez et al. (2005). 
The incubation was repeated thrice with 5 replicates per treatment. 250mg of 
substrates was weighed in 100ml calibrated glass syringes (Model Fortuna, 
Haberle Labortechnik, Lonsee- Ettlenschieb, Germany). Then, 30ml of a 1:4 ratio 
of buffer (bicarbonate and phosphate buffers, 50:50 v/v) and rumen mixture was 
dispensed into the calibrated pre-warmed syringes under constant carbon 
dioxide flushing. The syringes then were gently shaken and immediately 
incubated at a water bath of 39°C. Two blanks were included in the incubation 
that act as a correction. Gas production at 0, 2, 4, 6, 8, 10, 12, and 24 hours of 
incubation were recorded. Upon termination of incubation at 24 hours, rumen pH 
was recorded. 2ml of the content from each syringe was sampled for microbial 
population study, and 10ml of the content was acidified with 2ml of 25% meta- 
phosphoric acid for volatile fatty acid and fatty acid analysis. Both samples were 
kept in a -20°C freezer upon further analyses. 
 
 
The gas production data were fitted to the following model of Ørskov and 
McDonald (1979) where Y is the volume of gas produced at Time t, a is the gas 
production from the immediately soluble fraction (mL), b is the gas production 
from the insoluble fraction (mL), c is the gas production rate constant for the 
insoluble fraction (b) and t is the incubation time (h). 
 
 
Y = a + b (1-exp-ct) 
 
 
Thawed samples were centrifuged at 3000 × g for 10 min at 25°C, and 0.5ml of 
the supernatant was filtered (0.45µm) and was added to 0.5ml of 4-methyl- n-
valeric acid (20 mM) before being analyzed by using a 6890N Network GC 
System gas chromatograph (Agilent Technologies, Palo Alto, CA, USA). 
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4.2.4 Determination of rumen volatile fatty acid 
 
 
Rumen samples were left thawed at room temperature. Then, the procedure 
afterward was done according to Filipek and Dvorak (2009). The mixture was 
centrifuged for 10 min at 6000 × g. The supernatants (0.5 ml) were collected and 
added with 0.5 ml of internal standard before being stored in vials. Preparations 
of the standards were explained in Appendix A. The samples were then analyzed 
by using gas chromatography (Agilent 69890N Series Gas Chromatography 
System from Agilent Technologies, USA) fitted with Flame Ionization Detector 
(FID). The column used was 30 m × 0.25 mm × 0.25 μm (DB-FFAP) with oven 
temperature of 200⁰C, FID temperature of 230⁰C and nitrogen gas as the carrier 
gas with a flow rate of 60 μl per minute. 
 
 
4.2.5 Determination of rumen ammonia nitrogen 
 
 
Rumen fluid samples were thawed and centrifuged at 6000 × g for 10 min. The 
supernatant was collected and ammonia-N determination was done according 
to Parsons (2013). Stock standard solution of ammonium chloride (NH₄Cl) was 
prepared to give a 1000 mg/L of solution. A standard of 0.2, 0.5, 1.0 and 2.0 ppm 
solutions were prepared from the stock solution for the construction of the 
regression equation. 
 
 
Approximately, 5 ml of sample or standards were added to 0.2 ml of phenol 
solution and swirled. Approximately, 0.2 ml of 0.02 M sodium nitroprusside 
solution and 0.5 ml of oxidizing solutions were added in sequenced. The mixtures 
were swirled, stopped, and allowed to stand for one hour. The absorbance of the 
intensity was read at 640 nm by using a spectrophotometer (Spectronic 
GENESYS 20 Spectrophotometer 4001 Series by Thermo Electron Corp., USA). 
The regression equation was constructed from blank and standard samples and 
ammonia-N levels in the samples were determined. 
 
 
4.2.6 Quantification of rumen microbial population by qPCR 
 
 
The population of total bacteria, total protozoa, total fungi, total methanogens, 
methanobacteriales, Ruminococcus albus, Ruminococcus flavefacien, 
Fibrobacter succinogenes, and Butyrivibrio fibrisolvens were quantified by 
qPCR. Genomic DNA was obtained through rumen fluid sample and total DNA 
extraction was carried out by using the QIAamp® DNA stool mini kit (Qiagen Ltd, 
Crawley, West Sussex, UK) following the manufacturer’s instructions. An 
absolute quantification of rumen microbes was achieved based on the standard 
curve method in real-time PCR. Standard curves were constructed from the 
amplification of known amounts of target microbe’s DNA. The qPCR master mix 
was prepared for a total volume of 25 μL using the QuantiFast® SYBR® Green 
PCR kit (Qiagen Inc., Valencia, USA) consisted of 12.5 μL of 2 × SYBR Green 
Master Mix, 1 μL of 20 μM forward primers, 1 μL of 20 μM reverse primer, 2 μL 
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of DNA samples and 8.5 μL of nuclease-free water for each reaction. Each 
sample was analysed in duplicates. Primers used in the PCR amplifications for 
targeted rumen microbial populations are detailed in Table 4.2. Real-time PCR 
quantification was done by using BioRad CFX96 Real-time PCR system 
(BioRad, USA) with optical grade plates. The qPCR cycling conditions consisted 
of an initial 5 min of denaturation at 94°C, and is followed by 40 cycles of 
denaturation at 94°C for 20 s each cycle, annealing for 30 s and extending at 
72°C for 20 s. The annealing temperatures for primers of total bacteria, total 
fungi, total protozoa, total methanogens, Butyrivibrio fibrisolvens, Ruminococcus 
albus and Fibrobacter succinogenes were 55°C, while that for Ruminococcus 
flavefaciens and methanobacteriales was 58°C. 
 
 
Table 4.2 : Primers used for qPCR reactions 
 

Target groups Primers sequence 5’ to 3’ 
Product 

size 
References 

Total bacteria 
R: CCATTGTAGCACGTGTGTAGCC 

145 
Koike and 
Kobayashi 
(2001) F: CGGCAACGAGCGCAACCC 

Total protozoa 
R: GCTTTCGWTGGTAGTGTATT 

223 
Sylvester et 
al. (2004) F: CTTGCCCTCYAATCGTWCT 

Total fungi 
R: CAAATTCACAAAGGGTAGGATGATT 

121 
Lane (1991) 

F:GAGGAAGTAAAAGTCGTAACAAGGTTTC 

Total methanogens 
R: CGGTCTTGCCCAGCTCTTATTC 

160 
Zhou et al. 
(2009) F: CCGGAGATGGAACCTGAGAC 

Methanobacteriales 
R: TACCGTCGTCCACTCCTT 

343 
Yu et al. 
(2005) F: CGWAGGGAAGCTGTTAAGT 

Fibrobacter 
succinogenes 

R: CGCCTGCCCCTGAACTATC 
122 

Lane (1991) 

F: GTTCGGAATTACTGGGCGTAAA 

Ruminococus albus 
R: CCTCCTTGCGGTTAGAACA 

175 
Koike and 
Kobayashi 
(2001) 
 

F: CCCTAA AAGCAGTCTTAGTTCG 

Ruminococus 
flavefaciens 

R: CCTTTAAGACAGGAGTTTACAA 
259 

F: TCTGGAAACGGATGGTA 
Butyrivibrio 
fibrisolvens 

R: CCAACACCTAGTATTCATC 
417 

Boeckaert 
et al. (2008) F: GYGAAGAAGTATTTCGGTAT 

 
 
4.2.7 Rumen fatty acid profile 
 
 
The amount of fatty acid in syringe content at 24 hours post incubation was 
determined as described by Ebrahimi et al. (2015) using chloroform: methanol 
(2:1) (v/v) containing butylated hydroxytoluene to prevent oxidation during 
sample preparations. The transmethylation was conducted by using 0.66 N KOH 
in methanol and 14% methanolic boron trifluoride (Sigma Chemical Co. St. Louis, 
MO, USA). The fatty acid methyl ester was separated using Agilent 7890A gas–
liquid chromatography (Agilent Technologies, Palo Alto, CA, USA) using a 100 
m× 0.25 mm ID (0.20 µm film thickness) Supelco SP-2560 capillary column 
(Supelco, Inc., Bellefonte, PA, USA). The fatty acid concentrations are 
expressed as g/100 g of the identified fatty acid. A reference standard (Supelco 
37 Component FAME Mix; Sigma- Aldrich, Inc., St. Louis, MO, USA) was used 
to determine recoveries and correction factors for the determination of individual 
FA composition. 
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4.2.8 Statistical analyses 
 
 
All statistical analyses were carried out using SPSS (IBM version 22), through 
the One-way analysis of variance (ANOVA) procedure in a completely 
randomized design, to examine the effect of EFB feed on in-vitro rumen 
fermentation characteristics. Differences between treatment means were 
compared by using Duncan’s multiple range test. The means differences were 
deemed significant at P values ≤ 0.05. 
 
 
4.3 Results 
 
 
Table 4.3: Effect of OPEFB extract supplemented diet on in-vitro rumen 
fermentation parameters of goats (mean ± SD). 
 

Items CON 5% OPEFB 10% OPEFB SEM 
P 

value 

pH 6.94 ± 0.03 6.95 ± 0.03 6.93 ± 0.03 0.006 0.707 
VFA (mol/100mol)      
Acetate 44.71 ± 3.37a 40.11 ± 0.31b 39.13 ± 2.00b 0.944 0.0153 
Propionate 31.83 ± 2.96 33.87 ± 4.61 33.85 ± 4.21 1.081 0.718 
Isobutyrate 1.56 ± 0.27a 1.68 ± 0.21a 2.83 ± 0.24b 0.183 .00006 
Butyrate 15.50 ± 2.02 3.47 ± 0.34 3.63 ± 0.61 0.865 0.130 
Isovalerate 3.44 ± 1.53a 3.64 ± 1.21a 8.43 ± 2.68b 0.856 0.008 
Valerate 3.40 ± 0.22 3.47 ± 0.34 3.63 ± 0.61 0.114 0.737 
Total VFA (Mm/ml) 42.72 ± 7.33 39.51 ± 5.34 34.37 ± 4.03 1.821 0.172 
A/P 1.20 ± 0.07 1.36 ± 0.13 1.24 ± 0.11 0.034 0.148 
NH3N, mg/dL 18.49 ± 7.46 24.62 ± 3.67 16.33 ± 6.08 1.880 0.180 
Total gas production 34.95 ± 5.96 31.73 ± 5.38 36.53 ± 6.69 0.930 0.097 
Fermentation 
kinetics estimation, 
(ml/200mg of DM 
feed) 

     

a  4.07 ± 2.85 5.66 ± 1.97 5.52 ± 2.49 0.390 0.179 
b  90.26 ± 19.8a 61.52 ± 21.1b 41.31 ± 14.7c 3.820 <.001 
a+b 94.33 ± 21.1a 67.18 ± 20.6b 46.83 ± 14.6c 4.170 <.001 
c 0.039 ± 0.02 0.051 ± 0.02a 0.079 ± 0.02b 0.004 <.001 

CON (Control: 0 %, basal diet: concentrate + napier grass (40:60 %)), OPEFB extract diet (5% and 
10% OPEFB extract per DM diet), a, estimation of gas production from immediate soluble fraction 
(ml/200 mg DM); b, estimation of gas production from the insoluble (but degradable) fraction ((ml/200 
mg DM); a+b, estimation of potential gas production; c, estimation of gas production rate constant 
for the insoluble fraction (ml/h); SEM=standard error of the mean. 

 
 

Table 4.3 shows in-vitro rumen fermentation characteristics after 24h incubation 
as affected by OPEFB extract in the diet. There are no significant differences 
between treatment diets on rumen pH, the content of propionate, iso-butyrate, 
butyrate, valerate, iso-valerate, and total VFA. On the other hand, significant 
differences (p<0.01) were found in the content of acetic acid, iso-butyric acid, 
and iso-valeric acid. The highest acetate production was recorded in the 0% 
OPEFB diet, while the 10% OPEFB extract diet showed the highest amount of 
iso-butyric and iso-valeric acid production in the rumen. Further, in Table 4.3, 
significant differences were found in the gas production estimation from the 
insoluble fraction (b), potential gas production estimation (a+b), and estimation 
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of the gas production rate constant for the insoluble fraction (c) (p<0.05). It was 
observed that there was no significant difference in total gas production at 24 
hours of incubation as well as the in-vitro gas production from an immediate 
soluble fraction (a) for all treatment diets. Meanwhile, 0% OPEFB treatment diets 
showed the lowest value of c, which is in line with Figure 4.1, as it shows 0% 
OPEFB diet is the lowest value during the earlier incubation period. 
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Figure 4.1 : Cumulative gas production of different levels of OPEFB extract 
in the goat’s diet (means ± 1SD). 
 
 
Table 4.4 : Rumen microbial population (log10 copy number/mL) of goat fed 
with extract supplementation in different inclusion levels (mean ± SD). 
 

Microbial population, Log10 
copy no. per ml of DNA 
extract 

CON 
5% 

OPEFB 
10% 

OPEFB 
SEM 

P 
value 

Total bacteria 11.70±0.07a 11.19±0.07b 11.00±0.11b 0.1012 0.001 
Total protozoa 7.71±0.15a 6.87±0.13b 7.27±0.27ab 0.2030 0.041 
Total fungi 5.94±0.20 5.60±0.09 5.67±0.04 0.0797 0.208 
Total methanogens 5.23±0.50a 6.88±0.39b 5.46±0.42a 0.3180 0.053 
Methanobacteriales 5.57±0.13 5.78±0.09 5.76±0.05 0.0579 0.267 
Fibrobacter succinogenes 10.92±0.41 10.20±0.39 9.49±0.65 0.3135 0.185 
Ruminococus albus 9.94±0.04 8.92±0.41 8.42±0.60 0.2908 0.079 
Ruminococus flavefaciens 7.36±0.32 7.07±0.42 6.49±0.50 0.2411 0.245 
Butyrivibrio fibrisolvens 6.23±0.14a 5.91±0.02a 5.72±0.10b 0.0817 0.018 

CON (Control: 0 %, basal diet: concentrate + napier grass (40:60 %)), OPEFB extract diet (5% and 
10% OPEFB extract per DM diet). 
 
 

CONTROL 
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In this study, OPEFB extract influenced populations of total bacteria, total 
protozoa, and B. fibrisolvens (p<0.05). Control diet showed the highest 
population of total bacteria, total protozoa, and B. fibrisolvens. Populations of 
total methanogens, total fungi, methanobacteriales, R. albus, R. flavefaciens, 
and F. succinogenes in the rumen were not significantly affected by the inclusion 
of OPEFB extract in the diets. 
 
 
Table 4.5 : In-vitro rumen fatty acid profile of goat fed with extract 
supplementation in different inclusion levels (mean ± SD). 
 

Fatty acid (g/100g of 
total fatty acid) 

CON 5% OPEFB 10% OPEFB SEM 
P 

value 

Capric acid, C10:0 1.12 ± 0.29 1.05 ± 0.29 0.99 ± 0.32 0.068 0.754 
Lauric acid, C12:0 3.31 ± 0.66 3.11 ± 0.79 2.59 ± 0.54 0.166 0.194 
Myristic acid, C14:0 3.55 ± 1.77 4.02 ± 1.26 3.50 ± 1.46 0.339 0.809 
Myristioleic acid, C14:1 1.33 ± 0.81 1.31 ± 0.59 1.17 ± 0.67 0.155 0.908 
Pentadecanoic acid, 
C15:0 

1.73 ± 0.68 1.86 ± 0.36 1.47 ± 0.43 0.119 0.422 

Palmitic acid, C16:0 31.20a ± 5.07 35.71 ± 2.25b 38.93 ± 1.61b 1.066 0.004 
Margaric acid, C17:0 9.13 ± 5.14 6.71 ± 3.11 7.84 ± 4.21 0.968 0.622 
Stearic acid, C18:0 31.53 ± 3.52 31.79 ± 2.05 29.63 ± 2.80 0.674 0.384 
Oleic acid,  C18:1n-9 10.56 ± 1.19 10.60 ± 0.68 9.88 ± 0.93 0.227 0.366 
Linoleic acid, C18:2n-6 6.53 ± 4.04 3.85 ± 1.18 4.00 ± 0.91 0.626 0.146 
Total SFA 81.58 ± 4.25 84.25 ± 1.69 84.95 ± 1.40 0.706 0.166 
Total UFA 16.81 ± 1.77 16.18 ± 1.47 15.45 ± 1.11 0.349 0.375 
Total MUFA 11.90 ± 1.83 11.90 ± 0.94 11.04 ± 1.32 0.328 0.499 
UFA : SFA 0.23 ± 0.07 0.19 ± 0.02 0.18 ± 0.02 0.011 0.125 
PUFA : SFA 0.08 ± 0.06 0.05 ± 0.01 0.05 ± 0.01 0.009 0.153 

CON (Control: 0 %, basal diet: concentrate + napier grass (40:60 %)), OPEFB extract diet (5% and 
10% OPEFB extract per DM diet). SFA (saturated fatty acid): C10:0, C12:0, C14:0, C15:0, C16:0, 
C17:0, C18:0). UFA (unsaturated fatty acid): C14:1, C18:1n-9, C18:2n-6). MUFA (Monounsaturated 
fatty acid): C14:1, C18:1n-9. PUFA (polyunsaturated fatty acid): C18:2n- 6. UFA: SFA (unsaturated 
fatty acid / saturated fatty acid). PUFA: SFA (polyunsaturated fatty acid / saturated fatty acid). 

 
 
The effect of OPEFB extract supplementation on in-vitro rumen fatty acid profiles 
were presented in Table 4.5 above. The content of palmitic acid in the rumen 
was significantly affected (p<0.05) with the inclusion of OPEFB extract in the 
treatment diet. The highest content of palmitic acid (C16) in the rumen was found 
in the 10% OPEFB treatment diet and the lowest was recorded in the treatment 
diet without the extract. On the other hand, the inclusion of OPEFB extract in the 
diet did not affect other fatty acids such as capric acid (C10), lauric acid (C12), 
myristic acid(C14), myristoleic acid (C14:1), pentadecanoic acid (C15), stearic 
acid (C18), oleic acid (C18:1n-9), linoleic acid (C18:2n-6), total saturated, total 
unsaturated fatty acid, total monoenes, unsaturated to saturated ratio and 
polyunsaturated to saturated ratio. 
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4.4 Discussion 
 
 
In-vitro rumen fermentation study in this experiment showed a decreasing trend 
of acetic acid production as the inclusion level of OPEFB extract in the diet 
increased. The reduction in acetate production is a result of the high pressure of 
hydrogen and the high NADH/NAD+ ratio in the rumen due to the inhibition of 
methanogenesis (Miller, 1994). Furthermore, Nozière et al., (2011) reported that 
acetate molar proportion positively correlates with NDF digestibility (r = 0.95) and 
both supplemental phytochemicals and lipids decreased total tract digestibility of 
NDF, which is in line with the result of our study. Therefore, both phytochemicals 
and lipids contained in the OPEFB extract decreased the molar proportion of 
acetate. 
 
 
A trend showing increasing levels of iso-butyric acid and iso-valeric acid 
production in the rumen, parallel with the increasing levels of OPEFB extract in 
the diet. The concentration of isoacids in the rumen is the balance between the 
N produced from degradation and the N utilized by the bacteria to synthesize 
microbial protein in the rumen as stated by Hume (1970). Although insignificant, 
the NH3N concentrations for all the treatment diets were above the level limiting 
in-vitro ruminal microbial growth (5 mg/100 mL) (Satter and Slyter, 1974). This 
suggested that ruminal microbial growth is not restricted especially cellulolytic 
bacteria which utilizes isoacid in the rumen, since the concentration of isoacid 
increased as well as the inclusion of OPEFB extract in the diet. 
 
 
Salem et al. (2014) found that the addition of extracts obtained from some tree 
species to a high concentrate diet, linearly increased the in vitro potential gas 
production (a + b) and decreased gas production rate (c) while in our study, the 
volume of gas production from insoluble fraction (b), and potential gas production 
(a+b) were decreased, and gas production rate (c) was increased which may be 
explained by the high roughage diet imposed to the animal. This is in line with 
the study done by Nathani et al. (2015), which reported that diet has an impact 
on microbial diversity further resulting in variability of the carbohydrate-active 
enzyme families present in the rumen. The differences were prominent in the 
solid phase rumen at a higher roughage fraction meanwhile in the liquid phase 
rumen the carbohydrate-enzyme families presence was reduced at 75:25 
(roughage to concentrate ratio), and increased at 100% roughage diet. 
Furthermore, previous studies also observed that more gram- negative bacteria 
were found as compared to gram-positive bacteria in the case of a high forage 
diet in the rumen, and the situation was reversed in the case of a high 
concentrate diet (Matthews et al., 2019). 
 
 
A previous study showed that feeds producing high amounts of propionate 
yielded lower gas volumes (Cone and van Gelder, 1999) which is in line with the 
result of our study where feed with the highest value of propionate concentration 
produce the lowest value of total gas production, is 5% OPEFB. It is worth noting 
that the amount of lignin and gross energy in 5% OPEFB is the highest among 
the diets. It has been highlighted by Casler (2001) that lignin and phenolic acid 
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were the limiting factor in the usage of energy in the rumen. Other than that, the 
presence of ferulic acid methyl ester (Item 39, Appendix C1) may also cause the 
decrease of gas production as ferulic acid can inhibit the growth of microbes 
(Zuhainis et al., 2007; Saad et al., 2008). In a review, Wang et al. (2022) stated 
that ferulic acid inhibits cellulose digestibility, negatively impact on rumen 
microbes but also reduces enzyme activity. 
 
 
 
This study also highlights the effect of OPEFB extract on microbial population in 
in-vitro rumen fermentation. Inclusion of OPEFB extract decreased the 
population of total bacteria and B. fibrisolvens while total protozoa were thriving 
in the diet without OPEFB extract, decreased at 5% extract inclusion, and 
increased again at 10% extract inclusion diet. The reduced population of rumen 
protozoa in this study can be called partial rumen protozoa inhibition. Previous 
study suggested that supplemental phytochemicals and lipids can be effective in 
reducing methane production when rumen protozoa numbers are below 7 Log10 
cells/mL, especially by supplemental saponins, tannins, and MCFA (Dai and 
Faciola, 2019) which is consistent with the result in our study where 5% of 
OPEFB extract diet shows rumen protozoa population less than 7. Meanwhile, a 
decrease in cellulolytic bacteria and methanogenic bacteria was often observed 
with most fat sources included in the diet (Nur Atikah et al., 2018). The B. 
fibrisolvens population in this study was decreased with OPEFB inclusion diets. 
It also suggests that there are substances in the OPEFB extract that affect B. 
fibrisolvens populations in the rumen. It has been reported that condensed 
tannins and saponins were able to enhance the bacterial population, and 
increase fermentation but suppress the biohydrogenating bacteria population 
(Khiaosa-Ard et al., 2009). It was in line with the study done by Zhu et al. (2014), 
where the Butyrivibrio group in the study was reduced as garlic oil was 
supplemented in the rumen. The decrement in the B. fibrisolvens populations 
might be related to the increasing concentration of fatty acids in the rumen as 
supported by Tyagi et al. (2015) whose study revealed that an increase in the 
concentration of fatty acids suppressed the growth of B. fibrisolvens and its cell 
density reached the maximum. Other study also showed B. fibrisolvens was 
affected by tannin from sainfoin leaves by causing bacteria morphology 
alterations (Jones et al., 1994). Lesser populations of B. fibrisolvens also suggest 
that the degradation of cellulose was impeding as it plays an important role in 
cellulose degradation (Rodriguez Hernaez et al., 2018). Increasing the inclusion 
of OPEFB extract in the diet reduced the population of total bacteria in this study. 
Beneficial effects of plant extract on the animal such as antioxidant, anti-
inflammatory, immune status, and antimicrobial have been shown against a wide 
variety of microorganisms (Gram-positive or Gram-negative bacteria, fungi, 
viruses, and protozoa), but are more effective against the Gram-positive. This 
was due to most active compounds present being lipophilic. The presence of 
aromatic hydrocarbons in the extract may destroy the external membrane in 
Gram-negative bacteria (Ugbogu et al., 2019; Szumacher- Strabel et al., 2009). 
It was also found that some polyphenol may inducing cell apoptosis through 
breaking up the cell membranes of microorganisms (Lobiuc et al., 2023). 
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It has been shown in the present study that rumen fatty acid profiles were altered 
by the inclusion of EFB extract in the diet. As the level of EFB inclusion increases, 
the fat content of the feed increases (Table 4.1). The present study also showed 
rumen palmitic acid increases as the dietary EFB increases. It was due to the 
fact that the extract from EFB has the same main fatty acids as the crude palm 
oil (palmitic acid, oleic acid, linoleic acid, and stearic acid) as the residual crude 
palm oil remains on the EFB after the stripping and threshing process of sterilized 
FFB where palm oil fruitlet removed from the branches (Ng et al., 2020). The 
temperature during EFB sterilization is 140°C which caused the leakage of palm 
oil from the fruitlet (Abdullah and Sulaiman, 2013) and thus formed a coating 
over EFB surfaces. Other than that, the accumulation of mixed rumen bacteria 
in the rumen also contributed to the increase in the concentration of palmitic acid 
since the cell membrane of the bacteria is rich in palmitic acid (Or-Rashid et al., 
2007). The increment in this study was in line with a study by Vasta et al., (2010), 
where the content of palmitic acid in the rumen was increased when fed diet 
added with tannin, compared with diet without tannin addition. The increase in 
rumen palmitic acid does not, however, imply that the study's rumen bacterial 
population has increased as well (Vargas-Bello Perez et al., 2016). It was found 
that the circumstances were inverted. A study by Sears (2020) shows feeding 
palmitic acid-enriched supplement increase fiber digestibility while nitrogen 
metabolism remains unaffected, same with the findings by Wenner and St-
Pierre, (2019). Conversely, other studies (Mosley et al., 2007 and Piantoni et al., 
2013) found that supplementation of palmitic acid increase milk yield and milk fat 
concentration without lowering fiber digestibility and dry matter intake. Rumen 
UFA was decreased as the dietary EFB increase, although it was found 
insignificant in this study, which signify increase in rumen biohydrogenation. It 
was in line with the reduction in population of B. fibrisolvens in the current study 
as it was known that B. fibrisolvens participates in the biohydrogenation 
processes in the ruminant (Maia et al. 2010, Rodriguez Hernaez et al., 2018). 
 
 
In general, bovine-sourced rumen inocula showed longer colonization compared 
to caprine-sourced rumen inocula. However, it has been reported by Noguera et 
al. (2011) that DM and OM degradation kinetics did not affect by different sources 
of rumen inoculants (Bovine and Caprine). Partition factor (PF), as suggested by 
Blummel et al., (1997) is defined as the quantity of degraded substrate (mg) with 
the total gas production during fermentation (ml). Feed with higher PF values 
suggests that the fraction of the degraded substrates used for microbial biomass 
synthesis is higher. Noguera et al., (2011), in their study, showed caprine-
sources rumen inocula have higher PF values compared with bovine-sources 
rumen inocula, which indicates caprine-sources rumen inocula has lower 
efficiency fermentation process as compared with rumen inocula from bovine. It 
was reported by Leng (1997), as organic matter truly digested in the rumen 
increases, a higher portion of digested organic matter is used to supply building 
block material for the cell polymer synthesis, and proportionally, fewer is directed 
into VFA, methane and heat production. Although Noguera et al., (2011) reported 
Caprine-sources rumen inocula are fermentation processes are less efficient 
compared with bovines’s, caprine ingestive behavior comprises of high selective 
activity, better masticatory activity, which leads to smaller feed particle sizes, 
shorter retention times of the feed particles, and high tolerance to acidic pH in 
the rumen (Rapetti and Bava, 2008) may compensate the inefficiency. 
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Therefore, it suggests that large ruminant is better in optimising forages with high 
cellulose content by increasing particle retention times in the anterior digestive 
tract meanwhile, goats are less efficient in utilizing high cellulose forages thus 
negate this inefficiency by chose to consume the digestible part of forages which 
has lesser particle retention time (Lechner-Doll et al., 1995). 
 
 
4.5 Conclusion 
 
 
The result of this experiment demonstrated that incubation with 5% and 10% 
dietary EFB extract added substrate did not affect rumen fermentation activity 
which is reflected by the insignificant gas production and total VFA production. 
However, differences were detected in rumen VFA whereby acetate 
concentration was notably decreased while the isoacid concentrations 
increased. Increased palmitic acid concentration in the rumen was observed in 
the incubation with EFB extract added substrate accompanied by the decrease 
in the population of total bacteria, protozoa, and B. fibrisolvens. 5% OPEFB 
extract was chosen for the in-vivo study as it is more practical due to the limitation 
of the low extract yield of OPEFB. These in-vitro results served as a basis for 
further in-vivo trials to test the effect of 5% OPEFB extract supplementation as a 
diet for the dairy goat. 
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CHAPTER 5 
 
 

EFFECT OF OIL PALM EMPTY FRUIT BUNCH METHANOLIC 
EXTRACT ON IN-VIVO RUMEN FERMENTATION CHARACTERISTIC, 

BLOOD CHEMISTRY PROFILE, AND FATTY ACID PROFILE OF RUMEN, 
BLOOD, AND MILK IN SAANEN GOAT 

 
 

5.1 Introduction 
 
 
Milk contains a high level of saturated fat, which provides around 50% of the 
energy infants need (Koletzko et al., 2011) but for adult consumers, it may raise 
the risk of heart disease and stroke. Medium-chained fatty acids (MCFA), which 
typically have a chain length of 8 to 14, are comprised of fatty acids in milk fat 
(Granot et al., 2016; Gardner et al., 2017). It has been well-documented that 
MCFA is more easily absorbed and oxidized for energy than long-chained fatty 
acid (LCFA) in humans (Bach and Babayan, 1982). Goat milk as compared with 
cow and human milk, has significantly higher levels of short-chained fatty acid 
(SCFA) and MCFAs (Park, 2010) which provides sufficient health benefits for the 
younger and elderly populations and according to some studies, it may be 
consumed by the majority of the population who are allergic to cow milk (Song 
et al., 2020). Thus, producers nowadays are expected to produce better milk 
products to meet consumer demands. As a result, there is a need to improve the 
current production and quality of milk in order to provide consumers with the 
option of healthier milk products. OPEFB extract has been deemed suited to be 
used at 5% supplementation (in Chapter 4) in improving the production of milk 
without detrimental effects on the rumen fermentation dynamics’ of the animal. 
The extract was also enriched in long-chain fatty acids (LCFA) which is well 
suited to enhancing milk's nutritional profile especially the fatty acid composition 
of milk. 
 
 
The increasing use and importance of oil palm-based wastes in goat production 
further warrants investigation of the use of these materials as feedstuff in goats. 
While the limited information available seems to suggest that either rumen total 
VFA improved in a study on the usage of oil palm frond silage on Thai native-
Anglo Nubian goat (Chanjula et al., 2021) or remained unchanged in a study of 
oil palm frond extract on Boer goats (Al-Jumaili, 2018). The result from both 
studies, however, could not provide a comparison of the LCFA identified since 
the studies mentioned did not present relevant further information on fatty acid 
profile in either rumen, blood or milk. Animal breeds, age, sex, fat depots and 
anatomical location, diet and feed supplementations are factors that influence 
the fatty acid profile in milk or meat (Banskalieva et al., 2000). Modifying fatty 
acid profile in milk through dietary supplementation represents an interesting 
approach to further improve milk product. To regulate the fatty acid profile in milk 
fat, feeding oil as feed supplement are among of the approaches previous 
studies have explored. Previous study by Bett et al., (2004) found that sunflower 
oil seed supplement in the diet altered the milk fatty acid profile by increasing the 
concentration of unsaturated fatty acids and decreasing saturated fatty acids. 
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Thanasak et al., (2010) in their study of fatty acid profile in dairy cow fed with 
soybean and sunflower oil-rich diet showed a decreased in C16 while increased 
in C18 content in the rumen and blood plasma while an increased in C18:2n-6 
and C18:3n-3 content in milk. The changes in fatty acid profiles as a result of 
using oil palm-based wastes in animal feed are lacking, especially in milk and 
blood but not in rumen (AbuGhazaleh et al., 2002; Ebrahimi et al., 2015 ; Aiman-
Zakaria et al., 2017; Al-Jumaili, 2018 ; Chanjula et al., 2021), and meat (Ebrahimi 
et al., 2012 ; Ebrahimi et al., 2013 ). Nutritional properties of milk can be further 
improved through the increased in essential milk fatty acids and an increase in 
milk anti-oxidant capacity. Incorporation of polyphenol-rich OPEFB extract in the 
diet may influence fatty acid and natural phenolic compound transfer from diet to 
milk, hence delivering value- added milk to consumers. Therefore, this study was 
conducted with the objective to determine the effect of oil palm empty fruit bunch 
methanolic extract on in-vivo rumen fermentation characteristics, rumen 
microbial populations, and fatty acid profile of rumen, blood and milk in Saanen 
goat. Milk composition, blood chemistry profile, lipid oxidation in rumen, blood 
and milk were also determined to further explained animal status physiologically 
due to dietary treatments. 
 
 
5.2 Materials and methods 
 
 
5.2.1 Animal management and experimental design 
 
 
The experiment protocol was approved by the Animal Care and Ethics 
Committee of the Universiti Putra Malaysia (UPM/IACUC/AUP-R0048/2017). 
Four female Saanen goats with body weight ranges 54.3 ± 9 kg (mean body 
weight ± standard deviation) were randomly chosen to undergo a crossover 
experimental design in which each animal was assigned to their respective 
treatment sequence. Each of the treatment diets consisted of 4 animals where 
in each period 2 of the animals received the control diet and the other 2 animals 
received the 5% OPEFB diet likewise for the 2nd experimental period, the animals 
proceeded to receive the next treatment diet, respectively. Animals were housed 
in individual metabolic crates with free access to clean drinking water and 
mineral blocks. The feeding trial started at day 14 post-partum and consisted of 
10 days of adaptation period followed by 7 days of the experimental period, with 
a washout period of 12 days to ensure no carry-over effect for the next trial 
period. Animal feed for both treatments was freshly prepared daily in the feed 
trough, for each animal to ensure the animals received the exact amount of 
extract for the period of feeding trials, minimising oxidation of the said extract, 
and avoiding feed spillage and wastage occurring. Animals were weighed before 
the start of feeding trials, and weekly. The amount of feed given was adjusted to 
the weight of each animal, weekly.  
 
 
Milk was collected twice daily and the yield was recorded while samples of milk 
(50ml each) were kept for further evaluation of milk composition and fatty acid 
profile. Blood and rumen were collected on day 17, 2 hours post-feeding. Blood 
samples (10ml) were taken via jugular vein puncture on a standing animal 
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meanwhile rumen fluids were obtained via stomach tubing. The serum sample 
of the blood was further evaluated for serum biochemistry profile and stored for 
further analysis of lipid oxidation, meanwhile plasma part of the blood undergoes 
fatty acid profile evaluations. The fatty acid profile of the feeds is presented in 
Table 5.1 and the biochemical analysis of methanolic oil palm empty fruit bunch 
extract is presented in Table 3.1. 
 
 

 
 
Figure 5.1: Experimental flowchart. 
 
 
 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



57 

 

Table 5.1: Fatty acid (% of total identified fatty acids) of the experimental 

diets without (control) and with oil palm empty fruit bunch extract 

supplement (5% OPEFB extract supplement). 

 

Fatty acids, 
g/100g of total fatty acid 

CON 5% OPEFB 

Capric acid, C10:0 0.65 0.60 

Lauric acid, C12:0 6.90 7.33 

Myristic acid, C14:0 2.25 2.39 

Myristioleic acid, C14:1  0.77 n.d. 

Pentadecanoic acid, C15:0 n.d. 0.68 

Pentadecanoleic acid, C15:1 1.22 1.12 

Palmitic acid, C16:0 14.65 15.94 

Palmitoleic acid, C16:1 0.76 0.93 

Stearic acid, C18:0 3.75 2.42 

Oleic acid,  C18:1n-9 12.55 12.66 

Linoleic acid, C18:2n-6 37.14 36.41 

α-linolenic acid, C18:3n-3 17.40 19.53 

Total Saturated Fatty Acids  28.20 29.35 

Total Unsaturated Fatty Acids 71.80 70.65 

Total Monoenes 15.30 14.71 

n-3:n-6 ratio 2.27 1.88 

UFA: SFA ratio 2.59 2.44 

PUFA: SFA ratio 2.05 1.95 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 

methanolic extract). *n.d.: not detected 

 

 

5.2.2 Determination of ruminal pH, NH3-N, and volatile fatty acid 

 

 

The rumen samples were collected through stomach tubing and were strained 

with 4 layers of muslin cloth to discard large feed particles. Rumen pH was 

determined by a pH electrode (Mettler-Toledo Ltd., England). Then, rumen 

samples were taken and kept for evaluation for ammonia N content and VFA 

content. As a preservation method, 5% of trichloro-acetic acid (TCA) was added 

to the samples for ammonia-N determination in a 1:1 ratio while for volatile fatty 

acid content, 10ml of rumen samples were acidified with 2ml of 25% meta-

phosphoric acid. The determination of rumen ammonia nitrogen was done 

according to Parsons et al. (1984) as described previously in Chapter 4 (section 

2.5). The determination of volatile fatty acid in the rumen was done according to 

Filipek and Dvorak (2009) as ascribed in Chapter 4 (section 2.4). 

 

 

5.2.3 Rumen microbial population determination by qPCR 

 

 

The determination of total bacteria, total protozoa, total fungi, total methanogens, 

methanobacteriales, Ruminococcus albus, Ruminococcus flavefacien, 

Fibrobacter succinogenes, and Butyrivibrio fibrisolvens population were done 
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through qPCR. The microbial population study was done according to the 

procedure described in detail in previous Chapter 4 (section 2.6). 

 

 

5.2.4 Serum biochemistry profile 

 

 

The serum biochemistry analysis was conducted at the Veterinary Haematology 

and Clinical Biochemistry Laboratory, Faculty of Veterinary Medicine, Universiti 

Putra Malaysia, using respective kits on Hitachi 902 Automatic Analyser (Roche 

Diagnostics, Basel, Switzerland). Serum samples were analysed for the total 

protein, total glucose, blood urea nitrogen, total cholesterol, triglycerides, high-

density lipoprotein (HDL), and low-density lipoprotein (LDL). 

 
 
5.2.5 Milk composition 
 
 
Milk samples from individual goat was used to determine major component of 
the milk which is protein, fat, lactose, total solid and solid non-fat content at the 
dairy laboratory, Animal Science Department, Universiti Putra Malaysia. 
Approximately, 20 ml of milk sample was incubated in water bath (Techne 
Tempette Junior TE-8J Water Bath) at 40°C for 5 min. Then, the evaluation of 
milk composition was done by using a milk analyser (Laporte and Paquin, 1999), 
Milkoscan (134 A/B series equipment, Foss Electric, Denmark). 
 
 
5.2.6 Determination of fatty acid profile by gas chromatography 
 
 
The fatty acid of feed, rumen, plasma and milk were extracted according to the 
method of Folch et al., (1957) with minor modifications describe by Ebrahimi et 
al., (2012) by using chloroform: methanol (2:1) (v/v) containing butylated 
hydroxytoluene to prevent oxidation during sample preparations. The 
transmethylation was conducted by using 0.66 N KOH in methanol and 14% 
methanolic boron trifluoride (Sigma Chemical Co. St. Louis, MO, USA). The fatty 
acid methyl ester was separated using Agilent 7890A gas– liquid 
chromatography (Agilent Technologies, Palo Alto, CA, USA) using a 100 m× 
0.25 mm ID (0.20 µm film thickness) Supelco SP-2560 capillary column 
(Supelco, Inc., Bellefonte, PA, USA) equipped with a flame ionization detector 
(FID). The split ratio was 10:1 after injection of 1ul of the FAME. The injector and 
detector temperature was programmed at 250°C. The column temperature 
program initiated runs at 140°C for 5 minutes, warmed to 200°C at 3°C/min, held 
for 7 minutes, warmed to 220°C at 2.3°C /min, and then held for 3 minutes for 
facilitate optimal separation. The peak identified through comparison of 
equivalent chain lengths with a reference standard (Supelco 37 Component 
FAME Mix; Sigma- Aldrich, Inc., St. Louis, MO, USA).  The fatty acid 
concentrations are expressed as g/100 g of the identified fatty acid. 
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5.2.7 Lipid oxidation in rumen, serum blood and milk 
 
 
 
Thiobarbituric acid reactive substances (TBARS) in the rumen, serum and milk 
were measured with the method described by Lynch and Frei (1993). About 1 ml 
of rumen or serum or milk sample was homogenised in 4 mL 0.15 M KCl + 0.1 
mM BHT for 1 min at 6000 rpm with Ultraturrax homogenizer. Two hundred 
microliters of the homogenised sample were mixed with a solution (TBARS 
solution), heated in a water bath set at 95 ◦C for 1 h, for a pink colour to develop. 
The formation of a pink-coloured sample mixture is the result of the reaction of 
TBARS end products (malondialdehyde) with thiobarbituric acid (TBA). After 
samples were cooled under the tap water for about 5 minutes, three millilitres of 
n-butyl alcohol was then added to the extracts and homogenised. Then, the 
mixtures were centrifuged for 10 min at 5000 rpm. The absorbance of the 
supernatant was read with a spectrophotometer (Secomam, Domont, France) at 
532 nm wavelengths against n-butyl alcohol as a blank. TBARS concentration of 
samples was determined from a standard curve of 1, 1, 3, 3-tetraethoxypropane 
and calculated as µml malondialdehyde (MDA)/ml samples. 
 
 
5.2.8 Statistical analyses 
 
 
All statistical analyses were carried out using SPSS (IBM version 22) by using 
an independent t-test to examine the effect of 5% OPEFB feed on in-vivo rumen 
fermentation characteristics, rumen microbial populations, serum biochemistry, 
milk composition, lipid oxidation and fatty acids profile in rumen, blood plasma 
and milk. Differences between treatment means were deemed significant when 
P values ≤ 0.05 were observed. 
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5.3 Results 
 
 
Table 5.2: Effect of OPEFB supplementation on in-vivo rumen fermentation 
parameters of goats (mean ± SD). 
 

Parameters CON 5% OPEFB SEM P value 

pH 6.28 ± 0.12 6.35 ± 0.12 0.037 0.394 
VFA (mol/100mol)     
Acetic 42.24 ± 5.03 39.52 ± 5.16 1.406 0.358 
Propionic 27.38 ± 3.87 30.09 ± 3.29 1.038 0.205 
Isobutyric 2.08 ± 0.50 2.72 ± 0.61 0.164 0.045 
Butyric 21.96 ± 3.15 23.02 ± 2.57 0.734 0.491 
Isovaleric 2.92 ± 0.86 4.04 ± 0.95 0.271 0.033 
Valeric 2.29 ± 0.40 2.67 ± 1.16 0.215 0.410 
Total VFA (mM/ml) 73.34 ± 3.21 70.94 ± 3.10 0.906 0.199 
A/P 1.52 ± 0.41 1.34 ± 0.27 0.090 0.364 
NH3N, mg/dL 16.76 ± 4.75 21.36 ± 4.56 1.236 0.060 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of 
OPEFB methanolic extract). 

 
 
The effect of supplementation 5% OPEFB feed on the rumen fermentation profile 
is presented in Table 5.2. Significant differences were found in the iso-butyric 
and iso-valeric concentrations, where it increased significantly (P<0.05) with the 
supplementation of 5% OPEFB feed. Although insignificant, acetic acid content 
was decreased while propionic, butyric and valeric acid were increased in the 
5% OPEFB feed. Thus, leading to a decrease in total VFA and A to P ratio. 
Meanwhile, the ammonia-nitrogen content of the rumen was observed to have 
increased in concentration, albeit not significantly different. 
 
 
Table 5.3 : Effect of OPEFB supplementation on in-vivo rumen microbial 
populations of goat (mean ± SD). 
 

Microbial population,  
Log10 copy no. per ml of DNA extract 

CON 5% OPEFB SEM P value 

Total bacteria 10.96 ± 0.43 10.63 ± 0.13 0.088 0.073 
Total protozoa 5.90 ± 0.48 6.93 ± 1.05 0.212 0.043 
Total methanogens 5.21 ± 0.32 4.84 ± 0.32 0.090 0.036 
Total fungi 6.52 ± 0.44 6.34 ± 0.27 0.082 0.342 
Methanobacteriales 5.37 ± 0.32 4.98 ± 0.28 0.089 0.022 
R. albus 8.32 ± 0.34 7.78 ± 0.41 0.109 0.009 
R. flavefaciens 7.37 ± 0.16 6.99 ± 0.16 0.056 <.0001 
F. succinogenes 5.26 ± 0.41 4.84 ± 0.12 0.099 0.016 
B. fibrisolvens 5.29 ± 0.39 4.80 ± 0.36 0.105 0.014 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of 
OPEFB methanolic extract). 

 
 
Table 5.3 shows that 5% OPEFB feed significantly affects the rumen microbial 
population selected except for the total bacteria and total fungi populations. 5% 
OPEFB feed increased the population of protozoa (P<0.05) but in contrast, the 
population of other microbial populations measured were reduced (P<0.05). 
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Table 5.4 : Effect of OPEFB supplementation on serum biochemistry profile 
of goats (mean ± SD). 
 

Parameters 
Reference 
intervals 

CON 5% OPEFB SEM P value 

Total protein (g/L) 62-85 113.2 ± 6.89 117.0 ± 11.04 3.10 0.578 
Glucose (mmol/L) 2.1-3.7 2.60 ± 0.29 2.45 ± 0.64 0.16 0.683 
Urea (mmol/L) 4.1-13.4 6.98 ± 2.29 6.45 ± 2.28 0.75 0.756 
Cholesterol (mmol/L) 1.0-5.0 1.65 ± 0.93 1.28 ± 0.75 0.29 0.554 
Triglyceride (mmol/L) - 0.04 ± 0.03 0.01 ± 0.02 0.17 0.177 
HDL (mmol/L) - 1.30 ± 0.72 1.06 ± 0.60 0.22 0.637 
LDL (mmol/L) - 0.52 ± 0.20 0.42 ± 0.13 0.06 0.421 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 
methanolic extract). 
a University of Guelph (2023).  

 
 
No significant differences were found in both, total protein and glucose content 
of the blood serum of goats fed with or without 5% OPEFB feed. The study also 
found that the 5% OPEFB feed has no effect on urea content in the serum. The 
result of cholesterol, triglyceride, HDL and LDL content in the blood serum was 
also found in a similar manner where there is no significant differences when 
animals treated with 5% OPEFB feed. 
 
 
Table 5.5 : Effect of OPEFB supplementation on milk composition of goats 
(mean ± SD). 
 

Parameters Control 5% OPEFB SEM P value 

Milk yield (kg/day) 1.20 ± 0.23 1.12 ± 0.44 0.05 0.407 
Milk composition      
Fat (%) 4.11 ± 0.65 4.03 ± 0.98 0.07 0.612 
Protein (%) 3.15 ± 0.27 3.28 ± 0.44 0.03 0.039 
Lactose (%) 5.01 ± 0.20 4.87 ± 0.26 0.02 0.001 
Total solid (%) 12.62 ± 0.87 12.47 ± 1.24 0.09 0.420 
Solid non-fat (%) 8.70 ± 0.41 8.64 ± 0.61 0.04 0.505 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of 
OPEFB methanolic extract). 

 
 
The results of this study on the milk composition of goats supplemented with and 
without 5% OPEFB diet are shown in Table 5.5. Current study showed no 
significant difference in the milk yield of the goats. Significant differences 
(P<0.05) were found in the protein content and lactose content of the milk. 
Contrariwise, 5% OPEFB diet has no significant effect on in milk fat content, total 
solid content and solid non-fat content of the milk. 
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Table 5.6 : Effect of OPEFB supplementation on in-vivo rumen fatty acid 
profile of goat (mean ± SD). 
 

Fatty acid, 
g/100g total fatty acid 

CON 5% OPEFB SEM P value 

Capric acid, C10:0 0.41 ± 0.26 0.81 ± 0.60 0.107 0.087 
Lauric acid, C12:0 5.16 ± 1.37 4.90 ± 1.34 0.244 0.601 
Myristic acid, C14:0 4.83 ± 0.90 5.96 ± 1.44 0.257 0.026 
Myristioleic acid, C14:1  1.51 ± 0.46 1.35 ± 0.44 0.092 0.392 
Palmitic acid, C16:0 27.19 ± 3.75 30.94 ± 3.52 0.824 0.019 
Stearic acid, C18:0 35.53 ± 4.33 41.11 ± 6.14 1.227 0.019 
Oleic acid,  C18:1n-9 15.74 ± 1.72 13.66 ± 2.34 0.476 0.024 
Linoleic acid, C18:2n-6 4.13 ± 1.27 5.31 ± 1.38 0.341 0.029 
Total SFA 79.65 ± 2.44 77.35 ± 2.64 0.572 0.042 
Total UFA 21.04 ± 2.86 22.65 ± 2.64 0.565 0.163 
Total MUFA 18.10 ± 2.73 15.39 ± 3.00 0.604 0.022 
UFA : SFA  0.27 ± 0.04 0.29 ± 0.04 0.009 0.132 
PUFA : SFA  0.05 ± 0.01 0.07 ± 0.02 0.003 0.018 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 
methanolic extract). SFA (saturated fatty acid): C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0). 
UFA (unsaturated fatty acid): C14:1, C18:1n-9, C18:2n-6). MUFA (Monounsaturated fatty acid): 
C14:1, C18:1n-9. PUFA (polyunsaturated fatty acid): C18:2n-6. UFA: SFA (unsaturated fatty acid / 
saturated fatty acid). PUFA: SFA (polyunsaturated fatty acid / saturated fatty acid). 

 
 
Present study results of rumen fatty acid content as affected by 5% OPEFB feed 
were presented in Table 5.6. Table showed a significant increase (P<0.05) in the 
amount of myristic, palmitic, stearic, linoleic and polyunsaturated fatty acid to 
saturated fatty acid ratio. Meanwhile, significant decreases (P<0.05) were 
observed in the concentration of oleic acid, total saturated fatty acid and total 
monounsaturated fatty acid in the rumen. However, no significant differences in 
the concentration of capric, lauric, myristoleic, total unsaturated fatty acid and 
the ratio of unsaturated to saturated in rumen were also observed. 
 
 
Table 5.7 : Fatty acid composition of blood plasma from goats fed OPEFB 
supplementation (mean ± SD). 
 

Fatty acid, 
g/100g total fatty acid 

CON 5% OPEFB SEM P value 

Capric acid, C10:0 6.70 ± 0.69 7.87 ± 1.12 0.264 0.022 
Lauric acid, C12:0 5.98 ± 1.24 7.04 ± 1.85 0.462 0.271 
Myristic acid, C14:0 5.63 ± 1.21 6.34 ± 0.52 0.243 0.148 
Palmitic acid, C16:0 20.32 ± 1.37 19.80 ± 0.91 0.289 0.385 
Margaric acid, C17:0 6.93 ± 2.00 6.52 ± 2.06 0.468 0.677 
Stearic acid, C18:0 11.19 ± 1.73 12.65 ± 1.17 0.445 0.090 
Oleic acid,  C18:1n-9 13.42 ± 4.37 18.14 ± 2.41 1.175 0.039 
Linoleic acid, C18:2n-6 29.17 ± 4.12 22.66 ± 4.02 1.255 0.005 
Total SFA 54.71 ± 2.01 61.29 ± 6.44 1.433 0.024 
Total UFA 44.70 ± 1.20 42.73 ± 4.84 0.946 0.333 
UFA : SFA  0.81 ± 0.04 0.65 ± 0.17 0.038 0.030 
PUFA : SFA  0.53 ± 0.09 0.38 ± 0.09 0.029 0.006 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 
methanolic extract). SFA (saturated fatty acid): C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0). 
UFA (unsaturated fatty acid): C14:1, C18:1n-9, C18:2n-6). MUFA (Monounsaturated fatty acid): 
C14:1, C18:1n-9. PUFA (polyunsaturated fatty acid): C18:2n-6. UFA: SFA (unsaturated fatty acid / 
saturated fatty acid). PUFA: SFA (polyunsaturated fatty acid / saturated fatty acid). 
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In this study, 5% OPEFB feed does not have any effects on lauric, myristic, 
palmitic, margaric, stearic and total unsaturated fatty acid (UFA) content of the 
blood plasma. Contrastingly, capric, oleic, linoleic, total saturated fatty acid 
(SFA), unsaturated to saturated fatty acid (UFA: SFA) ratio and poly-unsaturated 
fatty acid (PUFA: SFA) ratio was affected by the 5% OPEFB feed. The major 
fatty acid in the blood plasma is palmitic, stearic, oleic, and linoleic acid which 
accounted for approximately 72% of the total identified acid (Table 5.7). 5% 
OPEFB feed increased the content of capric, oleic and total SFA, at the same 
time, decreased the content of linoleic, UFA: SFA ratio and PUFA: SFA ratio. 
 
 
Table 5.8 : Fatty acid composition of milk from goats fed OPEFB 
supplementation (mean ± SD).  
 

Fatty acid,  
g/100g total fatty acid 

CON 5% OPEFB SEM P value 

Capric acid, C10:0 9.64 ± 3.20 13.01 ± 3.43 0.709 0.014 
Lauric acid, C12:0 7.35 ± 2.35 9.50 ± 2.76 0.550 0.048 
Myristic acid, C14:0 8.91 ± 3.81 12.29 ± 3.24 0.759 0.022 
Myristioleic acid, C14:1  7.53 ± 3.84 6.62 ± 2.51 0.655 0.495 
Palmitic acid, C16:0 26.09 ± 3.15 28.67 ± 3.85 0.724 0.075 
Stearic acid, C18:0 9.26 ± 2.19 7.40 ± 2.15 0.433 0.029 
Oleic acid,  C18:1n-9 26.06 ± 6.91 20.47 ± 5.38 1.258 0.024 
Linoleic acid, C18:2n-6 8.31 ± 3.11 8.03 ± 2.34 0.582 0.818 
Total SFA 61.17 ± 10.57 70.28 ± 10.6 1.990 0.019 
Total UFA 38.83 ± 10.57 30.88 ± 8.44 1.960 0.039 
Total MUFA 31.60 ± 8.96 25.22 ± 7.32 1.636 0.049 
UFA : SFA  0.69 ± 0.32 0.47 ± 0.197 0.054 0.043 
PUFA : SFA  0.15 ± 0.07 0.13 ± 0.05 0.013 0.381 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 
methanolic extract). SFA (saturated fatty acid): C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0). 
UFA (unsaturated fatty acid): C14:1, C18:1n-9, C18:2n-6). MUFA (Monounsaturated fatty acid): 
C14:1, C18:1n-9. PUFA (polyunsaturated fatty acid): C18:2n-6. UFA: SFA (unsaturated fatty acid / 
saturated fatty acid). PUFA: SFA (polyunsaturated fatty acid / saturated fatty acid). 

 

 

The composition of milk fatty acids in the present study is shown in Table 5.8. It 

was found that major fatty acids in the milk were palmitic, oleic, capric, and 

myristic, respectively which account for 74% of the total identified fatty acid in 

the milk. There were significant differences in the content of capric, lauric, 

myristic, stearic, oleic, total SFA, total UFA, total monoenes, and UFA: SFA ratio 

in the milk. On the contrary, no significant changes was seen among myristoleic, 

palmitic, and linoleic content of the milk. 5% OPEFB feed showed increased 

content of capric, lauric myristic and total SFA but decreased content of stearic, 

oleic, total UFA, total monoenes, and UFA: SFA ratio in the milk. 
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Table 5.9 : Lipid oxidation of rumen, serum and milk from goats fed with 
and without OPEFB supplementation (mean ± SD). 
 

Lipid oxidation (µM 
MDA/ml) 

CON 5% OPEFB SEM P value 

Rumen 25.28 ± 7.13 19.24 ± 3.24 1.46 0.035 
Serum 5.01 ± 0.78 7.13 ± 2.09 0.49 0.025 
Milk 11.76 ± 3.60 8.59 ± 1.65 0.52 0.002 

CON (0 %, basal diet: concentrate + napier grass (40:60 %)), 5% OPEFB (basal diet+5% of OPEFB 
methanolic extract). 
 

 
In this study, lipid oxidation of rumen, blood serum and milk was investigated 
and presented in Table 5.9. Major lipid oxidation did occur in the rumen, followed 
by milk and blood serum respectively. Results of this study showed that 5% 
OPEFB feed decreased lipid oxidation in rumen and milk, significantly (P<0.05), 
but resulting in a significant increase in blood serum (P<0.05). 
 
 
5.4 Discussion 
 
 
The 5% OPEFB supplementation in animal feed improves the energy density of 
the feed since it is high in fat content. High content of palmitic acid is also another 
characteristic of oil palm agricultural waste. Incorporation of 5% OPEFB feed in 
the animal diet increases milk protein and lactose content as well as de novo 
fatty acid. Not to mention, the value added to the milk as the result of feeding 5% 
OPEFB to the animal, considering the polyphenol contained in OPEFB may be 
transferred from the diet to the milk. 
 
 
In this study, the rumen pH remains unaffected by the 5% OPEFB 
supplementation in the diet. The optimum range of ruminal pH for the activity of 
cellulolytic microbes is between the pH of 6.0 to 7.0 which is the same as for the 
absorption of VFA (Erdman, 1988). The present study observed pH value of both 
diets was between the pH of 6.28 to 6.34, similar to the findings of Bannink et al. 
(2008) in which fibre degradation was not inhibited when the rumen pH was 
around pH 6.2. This is in line with Erdman (1988) and Mourino et al. (2001) report 
saying that the pH of 6.0 to 6.3 is the critical pH below which fibre degradation is 
impaired. 
 
 
Significant differences were shown in the concentration of iso-acid (iso-butyric 
and iso-valeric acid) content of the rumen. These differences were probably due 
to the fermentation of amino acids as well as branched amino acid by the 
microbes. Iso-butyric and iso-valeric acids are branched-chain volatile fatty acids 
(BCVFA) that are a conversion product of oxidatively deaminated branched-
chain amino acid (BCAA), valine, iso-leucine and leucine (Allison, 1978); of 
which are among the metabolite produced alongside NH3N (Apajalahti, 2019). 
The concentration of rumen NH3N in the present study was similar to a study on 
oil palm leaf extract in-vitro, conducted by Aiman-Zakaria et al. (2017) where 
NH3N concentrations were between 18-23 mM/dL, albeit insignificant. It is worth 
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noting that the rumen NH3N concentration required for optimum digestion ranges 
between 10-20mg/L (Kraidees, 2005). Since the present study found that NH3N 
concentration falls higher than the optimum range, it would suggest that the 
NH3N was more than adequate for microbial growth. Meanwhile, the molar 
proportion of other volatile fatty acids is similar in both treatments at 2 hours post-
feeding although, the fermentation pattern changed subtly towards an increase 
in propionate production (Table 5.3) in the 5% OPEFB diet group. In times when 
acetate production was reduced, lesser hydrogen ions were produced and as 
the methanogenesis and propionate production used hydrogen, therefore, it 
created competition. This is in agreement with Janssen (2010) who stated that 
inhibiting methanogenesis can shift rumen fermentation towards propionate 
production. Methanogen formation by rumen fermentation is closely associated 
with the VFA profile formed (Ungerfeld, 2020). Present study showed total 
methanogens and methanobacteriales reduced in the 5% OPEFB diet. These 
findings corroborated with the findings of Aiman-Zakaria et al. (2017) in a study 
of oil palm leaf extract and Jayanegara (2015), in a study with different forms of 
tannins in ruminants. While most studies reported a reduction in methanogens 
with a reduction in the total protozoa population, current study reported a 
significant increase in total protozoa with EFB diet. The above may suggest that 
OPEFB extract may have a direct effect on the methanogenic archea population 
which is not associated with the protozoa. This is in agreement with a study by 
Jafari et al. (2016), where methanogens were reduced while protozoa population 
remained unchanged. It was favourable that protozoa remains unaffected as it 
plays a significant contribution in the breakdown of carbohydrate as well as 
producing enzyme (pectinesterases, cathepsins and some glycosyl hydrolase 
families) that are uncommonly found produced by protozoa (Williams et al., 
2020). The reduction of methanobacteriales in the 5% OPEFB diet may due to 
the anti-microbial effect of tannin towards Gram-positive archea. 
Methanobacteriales is an archea that is stained as Gram-positive bacteria which 
has thin cell walls composed of pseudomurien (Sowers, 2009). The antibacterial 
effectiveness of tannin may be related to its action on the bacteria membrane 
and/or their ability to complex metal ions as suggested by Kaczmarek (2020) and 
Engels et al. (2011). Notably, a recent study by Su et al. (2021), reported that 
the rumen microbial community shifted towards methane inhibition and 
propionate enhanced by utilising cashew nut shell liquid diet in Holstein cows. 
Such favourable changes in fermentation were also reported in the rumen of 
cattle (Shinkai et al., 2012; Watanabe et al., 2010), dairy cows (Coutinho et al., 
2014), and sheep (Kang et al., 2018). 
 
 
In the present study, R. albus was the most dominant across cellulolytic bacteria 
observed. This is in agreement with earlier studies with Aiman-Zakaria et al. 
(2017). Contrary to OPLE, the current study showed a decreased in cellulolytic 
bacteria with OPEFB extract diet. A possible explanation for this might be that of 
physiochemical content of OPEFB extract is in a different trend than that of 
OPLE, one of the differences is the high content of tannin. It is possible through 
a selective anti-microbial action against rumen microbes by the phenolics of 5% 
OPEFB extract, especially. As stated by Ungerfeld (2015), antimicrobial activities 
may induce a rumen microbial community shift, resulting in decreased methane 
synthesis and a higher propionate production, given that these pathways 
competitively consume metabolic hydrogen in the rumen. Many studies indicated 
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that tannin have significant inhibitory effect on rumen fibrolytic bacteria. Tannins 
also are known for their antimicrobial activity either on cellulolytic or proteolytic 
bacteria (Goel et al, 2005). Reduction in R. albus, F. succinogenes and R. 
flavefacien may be due to the tannin binding to the substrate cell wall leading to 
lesser availability of the binding site in the cell wall for rumen microbes to attach 
to (Ghasemi et al, 2012). 
 
 
Butyrivibrio fibrisolvens are rumen microbes that are important for the digestion 
of fibre (Hungate, 1966). Many years ago, B. fibrisolvens were recognised to 
undertake biohydrogenation of fatty acid (Polan et al. 1964) and to form 
conjugated linoleic acid (CLA) as an intermediate in the process (Kepler et al. 
1966) based on the landmark studies published in 1960’s. Rumen 
biohydrogenation increases as unsaturation increases (Marin et al., 2018). 
Current study showed B. fibrisolvens population were reduced by the 5% OPEFB 
diet. It was suggested that the presence of polyunsaturated fatty acid may cause 
a bacteriostatic effect towards B. fibrisolvens during biohydrogenation (Maia et 
al., 2010). Thus, B. fibrisolvens reduction could be due to the increased content 
of linoleic acid in the 5% OPEFB diet compared to CON diet (Table 2). Kim et 
al., (2000) stated that linoleic acid inhibited the growth of B. fibrisolvens A38 and 
in a different study discovered that Butyrivibrio/Pseudobutyvibrio phylogenetic 
grouping had different sensitivities to growth inhibition by linoleic acid. In 
addition, Henderson (1973) reported that lauric acid (C12) has an inhibitory effect 
on B. fibrisolvens which provides another explanation to the decrement in B. 
fibrisolvens population in the 5% OPEFB diet since it contains higher C14 
content than the control diet. 
 
 
The current study also looks into the effect of 5% OPEFB feed on the serum 
blood chemistry of goats. Although there are no significant effects among serum 
blood profiles, total serum protein in 5% OPEFB feed shows a higher value than 
CON feed while having a lower value of other serum blood parameters such as 
serum glucose, serum urea nitrogen, serum total cholesterol, serum triglyceride, 
serum HDL cholesterol and serum LDL cholesterol. Total serum protein content 
in the present study (113.18 g/L in the CON feed and 117 g/L in the 5% OPEFB 
feed) was slightly higher than 72.25 g/L and 80.12 g/L, respectively, for the 
control diet and 8% of canola with palm oil blend diet as reported by Adeyemi et 
al., (2016). Meanwhile, serum glucose content in the current study obtained (2.6 
mmol/L in the CON feed and 2.45 mmol/ L in the 5% OPEFB feed) was near 
2.79 mmol/L and 2.51 mmol/L respectively for the control diet and C16 
supplemented diet in cows during early lactation as reported by De Souza et al., 
(2019). De Souza et al. (2019) in the same study reported total serum cholesterol 
of 2.06 mmol/L and 2.07 mmol/L for the control diet and C16 supplemented diet, 
respectively, slightly higher values than the current study obtained which is 1.65 
mmol/L and 1.275 mmol/L, for CON feed and 5% OPEFB feed respectively. 
Results in the Table 5.5 showed that serum urea nitrogen values correspond to 
6.975 mmol/L for the CON feed and 6.450 mmol/L for the 5% OPEFB feed which 
fall in the optimal BUN ranges (4.00-9.89 mmol/L) for goats (Lewis, 1957) and 
also within normal ranges (3.57-7.14 mmol/L) proposed by Kaneko et al.,(2008). 
It has been reported by Wang et al., (2008), that the lack of variation in serum 
urea nitrogen was due to the fact that ammonia produced in the rumen has met 
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the requirement of microbial protein and the excess N ingested from the diet 
resulted in non-equilibrium of amino acids in ruminant (Wang and Lu, 1999). As 
for serum triglyceride content in our study, it would appear to remain unchanged, 
and its concentration in both groups was within the normal range (< 1.13 mmol/L) 
according to Van Saun (2000). 
 
Table 5.6 shows that the 5% OPEFB feed increased milk protein content and 
decreased milk lactose content while milk yield, milk fat, milk total solid and milk 
solid non-fat remained unchanged. It is widely known that the fat 
supplementation in the diet of dairy cows and ewes leads to lowered milk protein 
content and modifying coagulated properties, which this negative effect was not 
seen in goats (Chilliard and Bocquier, 1993) since most fat supplementation in 
goat results in increasing milk protein content, which concurred with the current 
study. It has also been observed by Chilliard et al., (2003) that the addition of fat 
to the goat diet not only causes no reduction in milk protein content, but an 
increase in 14 out of 20 reviewed trials. The lactose content is the only source of 
carbohydrates in milk (Chandan et al., 1992). Milk lactose content in the present 
study was in a similar range to the findings of Simos et al., (1991); Chandan et 
al., (1992) and Greyling et al., (2004). Milk lactose content is positively correlated 
with milk yield (r=0.10) (Mioc et al., 2008) which is in line with the result of present 
study where milk yield is decreased, albeit insignificant. 
 
 
The evident increase in C18:0 is the result of the extensive biohydrogenation in 
the rumen (Cremonensi et al., 2018). Current study showed that 5% OPEFB 
dietary group increase the concentration of myristic (C14), palmitic (C16), stearic 
(C18) and linoleic acid (C18:2n6), and decrease in oleic acid (C18:1n9), total 
saturated fatty acid and total mono-unsaturated fatty acid, in the rumen. The 
reduction of oleic acid (C18:1n9) in the rumen may be caused by most of it being 
biohydrogenated to stearic acid and thus leading to a substantial increase in the 
concentration of stearic acid (C18:0) in 5% OPEFB diet. The increases in C18:0 
in the rumen may also be due to the high content of linolenic acid in 5% OPEFB 
diet as it is suggested by Vargas et al., (2018) that linolenic acid was 
biohydrogenated faster than linoleic acid. This suggests that 5% OPEFB was 
unable to hinder fatty acid biohydrogenation in the rumen. Lourenco et al. (2010) 
reported that oils containing PUFA such as linolenic acid would be expected to 
have a greater effect on rumen biohydrogenation and fermentation processes 
than those rich in linoleic acid or oleic acid. Additionally, linoleic acid increases 
in 5% OPEFB diet may be due to its accumulation in the rumen as it is reported 
by Vargas et al., (2018) that when the concentration of linoleic acid in the diet is 
greater than linolenic acid, linoleic acid tends to accumulates in the rumen. The 
accumulation of linoleic acid in the rumen may also be due to the complex 
biohydrogenation of linolenic acid in the rumen since diets contain high in 
linolenic acid (Shingfield and Wallace, 2014). The disappearance of linoleic acid 
also rather, lower than linolenic acid as observed by Juoany et al., (2007). Earlier 
studies by Maia et al., (2007 and 2010) also agreed that PUFA is more disruptive 
against biohydrogenation bacteria than di- or monoenoic fatty acid. Tannin 
presence in the diet may be able to reduce the extent of PUFA biohydrogenation 
by linoleic acid and CLA isomers accumulation in the first and second step of 
biohydrogenation (Jayanegara et al., 2011). Another study reported by Or-
Rashid et al., (2007), myristic acid may also inhibited methanogenesis in dairy 
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cow without altering the conjugated linoleic acid or vaccenic acid profile in milk. 
In addition, recent studies reported that C16 and C18 may have acted as pivotal 
regulators of metabolism and gene transcription in ruminants than unsaturated 
fatty acid, which a different from the non-ruminant model (Bionaz et al., 2012) 
through the activation of PPARα and PPARγ target genes in bovine and goat 
cells, as it was increased by saturated long- chain fatty acid (LCFA), as observed 
by Bionaz et al., (2015). On the other hand, the present study was unable to 
determine the CLA content of the rumen due to the separation and structural 
identification of all peaks in the CLA range of the GC chromatogram, including 
the extremely small peak, which was not attempted or even possible. Total 
saturated fatty acid in the present study were decreased in the 5% OPEFB diet. 
It is in agreement with a study done by Vasta et al., (2008) where they found that 
reduced saturated fatty acid, while increased CLA isomer and PUFA while using 
tannin in their diets. 
 
 
In this study, a decrease in C18:2n6 of blood plasma was observed in the 5% 
OPEFB diet when compared to the control diet. Present results are consistent 
with that of Pesqueira (2016), who indicated a partial inhibition of the 
biohydrogenation process of C18:2n6 due to the content of plasma C18:2n6 
trans decreased significantly in animals consuming algae. Supplementation of 
5% OPEFB in the diet modified plasma fatty acid profile where C10 and C18:1n9 
content was observed higher than control diet with decreasing amount of C18:2n 
6. It was observed by Prom et al., (2021) that the content of cis 9 C18:1 in plasma 
triglyceride increases linearly as the amount of oleic acid abomasum- infused 
was increased, indicating the increase in the absorption of cis-9 C18:1. The 
increased in the absorption of oleic acid may be due to its emulsifying properties 
(Freeman, 1969) that improve micellar formation thus allowing improvement in 
absorption of all FA not only cis-9 C18:1. These changes in plasma fatty acid 
profile reflect the fatty acid composition of the dietary treatment (Tsiplakou and 
Zervas, 2013) especially C18:1n9 and C18:2n6 as they are among the 
predominant fatty acid in the diet. 
 
 
Alteration in milk fatty acid profile has been shown to accompany the 
supplementation of the 5% OPEFB diet. Among the fatty acids identified in Table 
5.8, only myristoleic, palmitic, linoleic and PUFA: SFA ratio was unaffected by 
the supplementation. Result from current study was similar to a previous study 
by Chamberlain and DePeters (2017) where high content of palmitic acid in milk 
was found and it was due to the high content of palmitic acid in the diet. The 
current study observed a significant increment of milk fatty acid occurs at 
medium-chained fatty acid which is capric acid, lauric acid, and myristic acid that 
originated from de novo synthesis in the mammary gland where acetate and β-
hydroxybutyrate are the major substrate sources. While acetate is the end-
product of carbohydrate fermentation in the rumen, β-hydroxybutyrate is 
produced by the rumen epithelium from absorbed butyrate (Bernard, Leroux and 
Chilliard, 2008). This increment may be explained by both of the concentrations 
of rumen acetate and butyrate in this study, although statistically insignificant, 
showing an increase in amount when 5% OPEFB feed is given to the animal. 
This results in the total SFA increases in milk of 5% OPEFB feed. As for LCFA 
in the milk, they are absorbed from blood plasma where the resources are from 

© C
OPYRIG

HT U
PM



69 

 

dietary lipid absorption and from body reserves mobilisation. In the current study, 
supplementation of the 5% OPEFB feed has led to decreased concentration of 
stearic and oleic acid in the milk which suggests that the 5% OPEFB extract diet 
improved energy density availability to animals. This is because when the energy 
balance is negative, animals mobilise lipids stored in adipose tissue, mainly in 
the form of NEFA. Since ruminant adipose tissues are in high content of palmitic, 
stearic and oleic acid as described by Bas et al., (1987) in goat tissues, 59% of 
the variability in milk content of C18 and C18:1 is related to energy-balanced 
changes, in goats with differences in milk yield during the first four months of 
lactation, fed with a classic diet of hay and concentrate diet (Chilliard et al., 
2003). A lower UFA: SFA ratio was observed in milk of 5% OPEFB feed due to 
a higher proportion of SFA content in the milk. The ratio of UFA: SFA is used to 
reflect the hardness of butter which varies throughout lactation (Soyeurt et al., 
2007), as the values increase rapidly to 2 up to 100 days in milk (DIM) and 
decrease slowly until 365 DIM, in cows. The changes appear due to the seasonal 
effect which is mainly due to changes in feeding especially in summer as stated 
by Soyeurt et al., (2007). The value of milk UFA: SFA ratio in this study (0.468-
0.685) was similar to the findings of Coreddu et al., (2016) in the study of dietary 
supplementation of grape seed and linseed on milk fatty acid of ewes. 
Additionally, PUFA: SFA ratio is another frequently used indices that was used 
to evaluate fatty acid profile related to cardiovascular health (Chen and Liu, 
2020). Current study shows the ratio of PUFA: SFA was similar to the study by 
Mierliţă (2018) of dietary hemp supplementation on ewe’s milk where its PUFA: 
SFA ratio is in the range of 0.106-0.175, while PUFA: SFA ratio of this study was 
in the range of 0.126-0.150. Nevertheless, the factors that change the milk fatty 
acid which stems from rumen fatty acids are rumen biohydrogenation and fatty 
acid esterification (Lanier and Corl, 2015). Among the challenges that prevent 
easy incorporation of dietary fatty acids into milk are the fatty acids cellular 
uptake and the differences in fatty acids incorporation into milk as stated by 
Lanier and Corl (2015), although these received lesser research attentions. 
 
 
The effect of supplementation 5% OPEFB diet on the oxidative stress of lactating 
dairy goats was also investigated using the level of malondialdehyde (MDA) 
production as an indicator. Lipid oxidation analyses were done to assess the 
extent of oxidative stress occurring in animals. Due to it being the end product of 
lipid peroxidation, MDA formation is expedited by oxidative stress (Horie et al., 
1997). Hence, analysing MDA content in the sample may indicates the the levels 
of oxyden free radicals and further reveal the extent of lipid peroxidation. MDA 
was used due to its simple interaction with thiobarbituric acid, MDA generation 
has often been considered to be a carcinogenic by-product of lipid peroxidation 
by omega-3 and omega-6 fatty acids (Ayala et al., 2014). The current study 
showed the 5% OPEFB feed significantly decreased the TBARS concentration 
in the ruminal fluid, and milk in goats but increased in serum blood. The 
increment of MDA concentrations suggests that the amount of anti-oxidant 
available in the blood was inadequate to scavenge ROS accumulation which 
may lead to an increased risk of oxidative stress (Castillo et al., 2004). These 
findings corroborate with the result of Emami et al. (2015) who reported that there 
is no significant effect on MDA in plasma and liver at 5% or 10% levels of 
pomegranate seed pulp meal, but only at 15% milk and plasma MDA decreased 
significantly. In another study by Sharifi et al., (2017), they found that increasing 
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levels of date palm seed diet did not affect lipid peroxidation in blood serum and 
milk, which is in contrast with a study by Purba et al., (2022) where a decrease 
TBARS production was found in the ruminal fluid, mammary tissue, milk, and 
plasma in early lactating dairy goats when supplied with piper meal diet in which 
contains bio-actives polyphenols. It is suggested that dietary plant polyphenols 
were expected to protect against oxidative stress (Schogor et al., 2013) by 
lowering TBARS concentrations in rumen fluids due to improved ruminal 
epithelial cells and defence systems (Ma et al., 2018). Due to its promising result, 
5% OPEFB can be used as a natural-antioxidant rich sources in animal feed as 
it may benefits the dairy animal in terms of alleviating stress due to metabolic 
demand and milk production as well as increases its milk value. 
 
 
5.5 Conclusion 
 
 
Overall, 5% OPEFB supplemented feed increases rumen iso-butyric and iso-
valeric acid concentrations and total protozoa population while decreasing the 
population of total methanogens, methanobacteriales and rumen cellulolytic 
bacteria. 5% OPEFB feed also increases SFA accompanied by a decrease in 
UFA and MUFA in the blood plasma and milk. At the level and method of extract 
inclusion used in the present study, 5% OPEFB feed increases milk protein 
content but decreases milk lactose content while decreases lipid oxidation in the 
rumen and milk but not in blood plasma. Therefore, the use of 5% OPEFB in 
animal feed shows promising results as it improves milk composition and 
antioxidant capacity and thus adds value to milk products. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



71 

 

CHAPTER 6 
 
 

GENERAL DISCUSSION 
 
 

Oil palm plant components have proven their usefulness to animals in various 
ways. Studies have shown that the usage of oil palm leaves, fronds, and empty 
fruit bunch has impacted animal production due to their high fiber content, further 
impedes their usage as a potential roughage resource in Malaysia (Dahlan, 
2000). Nonetheless, previous studies reported various interventions done in 
order to improve their palatability, digestibility, and voluntary intake; which 
includes physical (Goh, 2002; Ebrahimi et al., 2012; Wu et al., 2020), biological 
(Nur Nazratul et al., 2019) and chemical pre-treatment (Chanjula et al., 2021). In 
lieu of these challenges, acquiring plant extract from plant material offers a 
feasible approach to the incorporation of any oil palm fibrous material in animal 
feed. It is considered an attractive alternative method as it provides practicality 
with the added benefits of natural compounds. In accordance with natural 
compound content, it is stated by Al-Al-Goranya et al., (2020) that ethanolic 
extract of oil palm empty fruit bunch contained natural compounds that have 
antioxidant, anti-inflammatory, antimicrobial, antifungal, antitumor, antiviral, anti-
convulsant, analgesic and as well as antidiabetic properties. It was also reported 
that oil palm empty fruit bunch extracts in both forms; wet and dried, exhibit 
radical scavenging activities which indicate the presence of antioxidant 
properties in the extracts (Han and May, 2012).  
 
 
This study focused on the effect of oil palm empty fruit bunch methanolic extract 
on dairy production performances. The composition of OPEFB extract was 
addressed in Chapter 3 where the phytochemical content of OPEFB extract was 
determined, and hexadecanoic acid, methyl ester was the main compound of 
interest contained in the OPEFB extract. Next, chapter 4 was done in order to 
evaluate the OPEFB extract on the in-vitro rumen fermentation profile, which 
results in a decrease in acetate production, gas production kinetics, the 
population of total bacteria, protozoa, and B. fibrisolvens but an increase in the 
production of palmitate in the rumen. Further into Chapter 5, the study evaluates 
on the in-vivo rumen fermentation profiles, blood biochemical parameters, milk 
production parameters (yield, compositions, and fatty acid profiles), and lipid 
peroxidation (rumen, blood, and milk). From the results obtained, it was clear 
that 5% EFB extract feed reduces rumen acetate production, methanogens, 
methanobacteriales, cellulolytic bacteria, as well as B. fibrisolvens. It also 
increased protozoa populations, milk protein content, and antioxidant capacity in 
rumen and milk. 
 
 
The current study showed that OPEFB extract contained a total phenolic content 
of 3.98%, a total tannin content of 2.3%, and a total flavonoid content of 1.3%. 
The total phenolic content of the OPEFB extract found in this study was 75.9% 
higher than the phenolic content of the methanolic extract of EFB as reported by 
Tsouko et al., (2019), but 12.48% lower than in leaves as reported by Aiman-
Zakaria et al., (2017). Meanwhile, the flavonoid content of the OPEFB extract in 
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the current study was 81% higher than the OPEFB extract recorded by Han and 
May (2012). Current results indicated that the OPEFB was a great source of 
flavonoid while a moderate source of phenolic content when compared to the 
other oil palm by-products. On the other hand, 70 compounds were identified 
through a GC-MS characterization study with 12 major compounds discovered. 
It was recorded in the current work that the compounds with the highest content 
in OPEFB extract are hexadecanoic acid, methyl ester, (41.3%) and the second 
highest content is 11-Octadecenoic acid, methyl ester (32.3%). Previous studies 
by Usha and Nazarine (2003) indicate that hexadecanoic acid, methyl ester can 
be used safely in animal feeds as a supplementary source of fat. It was recorded 
that 0.2% of hexadecanoic acid, methyl ester in feedlot lamb feed increases 70% 
of its content in intramuscular fat (Borghi et al., 2016). Meanwhile, previous study 
reported an increase milk yield and UFA along with a decrease in SFA with 
3.34% hexadecanoic acid, methyl ester in buffalo feed (Shelke et al., 2012). 
Meanwhile, the usage of up to 1% of 11-Octadecenoic acid, methyl ester in rabbit 
feed increases milk yield, improved blood lipid profile as well as antioxidant 
status (El-Gindy et al., 2022) Both of the compounds mentioned earlier, have 
antioxidant and antimicrobial properties, beneficial to the host animal when 
added into the feed as they can modify rumen fermentation dynamics along with 
mediate oxidative stress experienced by the host animal. 
 
 
The current study showed ruminal acetate decreased as dietary 
supplementation of OPEFB increased, in-vitro. This is probably due to the 
decrease in the population of total bacteria as the dietary supplementation of 
OPEFB increased since acetate is the product of structural carbohydrate 
fermentation by cellulolytic bacteria while propionate is the product of non-
structural carbohydrate fermentation by amylolytic bacteria (Enjalbert et al., 
1999). It was reported the presence of polyphenols can reduce the degradation 
of fiber in the rumen by declining the attachment of microbes to fiber particles 
(Makkar, 2003) which explains the decrease in potential gas production fraction 
although the effect of polyphenol is better interpreted when the determination of 
microbial growth and/or feed degradability was included with gas measurement. 
Meanwhile, increased iso-butyric and iso-valeric content in the study indicates 
optimal rumen degradable protein ingested as microbial production of isoacid is 
related to the prospect of amino acid release and protein deamination in the 
rumen (Armentano et al., 1993; Yang et al., 2004). It is likely that the decrease 
in the population of total bacteria, total protozoa, and B. fibrisolvens is due to the 
increase in the content of total flavonoids of the OPEFB extract since it has been 
put forth that flavonoid may affect rumen microbial activity directly (Patra and 
Saxena, 2010) or through the production of new derivatives via biotransformation 
(Simon et al., 2005). Flavonoids generally negate microorganisms through 
suppression of cytoplasmic function, bacterial cell wall synthesis, or nucleic acid 
synthesis (Cushnie and Lamb, 2005). The cellulolytic bacteria (R. albus, R. 
flavefaciens, and F. succinogenes) population in this study was unaffected by 
the OPEFB dietary supplement which is consistent with the findings of Aiman-
Zakaria et al., (2017) and Al-Jumaili (2018) in the in-vitro studies of oil palm 
leaves extract. The reduction of B. fibrisolvens populations may be due to the 
increment of palmitic acid in the rumen as Maczulak et al., (1981) in their study 
showed some strains of B. fibrisolvens were affected by palmitic and stearic acid. 
It was also observed by Henderson (1973) in earlier studies where myristic, 
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palmitic, and stearic acid shows inhibitory effects towards B. fibrisolvens were 
recorded. Hence, this in-vitro study shows that 5% of OPEFB extract could be 
supplemented in the animal diet with the impact of polyphenol in the OPEFB 
extract being modest on the fermentation in the rumen. Current in-vivo study 
showed that feeding 5% of the OPEFB diet increases iso-acid contents (iso-
butyrate and iso-valeric), and total protozoa populations, while reducing the 
population of total methanogens, methanobacteriales, and all four major fibrolytic 
bacteria (R. albus, R. flavefaciens, F. succinogenes, B. fibrisolvens). On the 
contrary, the protozoa population in the current in-vivo study increased, which 
was different than in the previous in-vitro result. The differences may be due to 
the different time of rumen samples taken as in the in-vivo study, rumen samples 
were obtained 2 hours post feeding while in in-vitro studies, the rumen samples 
were taken 12 hours post incubation. However, the difference between the 
current study apart of the study by Al-Jumaili (2018) and Aiman-Zakaria et al., 
(2017) is the forage-to-concentrate ratio used in the studies. The ratio used in 
our study is a 60:40 forage-to-concentrate ratio meanwhile both of those studies 
used an equal ratio of forage-to-concentrate ratio which explains the increase in 
protozoa population in our study while the protozoa population in their studies is 
not affected. As pointed out by Huws et al., (2009), rumen protozoa are rich in 
poly-unsaturated fatty acid due to the ingestion of chloroplast from forages, 
potentially protecting lipids in the rumen from biohydrogenation which is in line 
with the suggestion by Williams et al., (2020) who suggests that protozoa in the 
rumen do not directly contribute to ruminal lipid metabolism since only two 
lipases of GDSL family were identified but not highly expressed in the meta ‘omic 
studies. The increment of total protozoa population in the rumen with decreasing 
amount of hydrogen-competing microbes may suggest that biohydrogenation 
might be reduced, albeit not. It was found recently by Martel et al. (2011) and 
Devillard and Wallace (2006) that protozoa play a vital role in rumen 
biohydrogenation by keeping a ruminal pool of fatty acid in their protozoal 
membranes that are inaccessible to bio-hydrogenating bacteria, thus help to 
slow down fatty acid biohydrogenation. The 17.5% increase in the population of 
protozoa in rumen-fed OPEFB extract also explains the increase of rumen 
linoleic acid in the study since Devillard et al., (2006) stated that protozoa may 
represent a vital source of CLA since according to Keeney (1970), approximately 
75% of the microbial fatty acid in the rumen might originate from protozoa. The 
reduction of all cellulolytic bacteria in our study is likely due to the content of 
condensed tannin (CT) in the extract as it was suggested by Costa et al., (2018) 
where some gram-positive specialized fibrolytic bacteria particularly R. albus, R. 
flavefaciens, and F. succinogenes are more susceptible to CT than gram-
negative rumen bacteria. This further suggests the OPEFB extract in the diet 
reduces fiber degradation. A decrease by 7.1% in the total methanogens 
population and a 7.3% decrease in the methanobacteriales population of the 
OPEFB extract dietary group indicate the reduction of methane production as 
both microbes compete for the available hydrogen for biohydrogenation instead 
of methane production. According to Lan and Yang (2019), in order to improve 
accessibility to hydrogen, rumen methanogens can exist in the rumen through 
free-living, associated with protozoa or fungi. Hence, the decreased population 
of methanogens and methanobacteriales accompanied by an increased 
protozoa population suggests the portion of methanogens that exists lay towards 
free-living and fungi-associated protozoa. Newbold et al., (1996) suggested that 
protozoa-associated methanogens in the rumen formed 9-25% of rumen 
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methanogens, approximately. The result for rumen fermentation concurs with the 
result of the rumen microbial population. Milk protein and lactose content showed 
inverted responses towards supplementation of dietary OPEFB extract. Although 
milk lactose content decreased with the addition of OPEFB extract, the content 
of oleic acid supplied was still within the content needed to maintain milk fluidity 
as suggested by Gama et al. (2008) where oleic acid concentrations need to 
exceed 8 g/100 g of fatty acids. The increase in milk protein content in our study 
may as a result of the presence of phenolic content in OPEFB diets since the 
extract in this study revealed a substantial amount of hexadecanoic acid, methyl 
ester which has anti-oxidant properties that may ameliorate oxidative stress as 
well as any inflammation especially during early lactation, thus causing an 
improvement in milk quality (Bonanno et al. 2019). It is in line with the result in 
our study which shows supressed lipid oxidation in milk which suggests that 
either the presence of polyphenol in milk helps with the lipid oxidation or the 
content of unsaturated fatty acid in milk is lower hence the result. Wang et al., 
(1996) also observed an increased in milk protein content when supplementing 
ewes with Lotus corniculatus that contain high polyphenols. Additionally, 
Formato et al. (2022) stated that the effects on the variation of milk proteins 
probably vary on the ability of tannins to form protein–tannin complexes through 
the hydrogen bond formations which are stable in rumen pH (5–7) and capable 
of breaking down at the acid or alkaline pH of the abomasum and duodenum. 
Dietary OPEFB extract increases capric, lauric, myristic, and total saturated fatty 
acid in the rumen. Palmitic, oleic, UFA, MUFA, and UFA: SFA in the rumen were 
reduced when supplemented with dietary OPEFB extract. According to Lourenço 
et al., (2010), both long-chain UFA and medium-chain SFA have an inhibitory 
effect on biohydrogenation (Jenkins et al., 2008; Goel et al., 2009) and 
methanogenesis (Martin et al., 2009). The current study showed a 23.9% 
decrease in the MDA content of EFB-fed rumen while a 27% decrease in the 
MDA content of EFB-fed milk which indicates an improved antioxidant capacity 
in EFB-fed host animals. It was confirmed by Kapusta et al., (2018) in their study 
that negative correlation between MDA content and the degree of antioxidant 
protection in milk. In this study, UFA content in the rumen was high, concurrently 
rumen MDA content was low, which suggest that degree of antioxidant protection 
was high in the rumen. Whereas, the current study shows a low content of UFA 
along with a high content of MDA in blood suggesting a lower degree of 
antioxidant protection by OPEFB extract in blood. Meanwhile, dietary OPEFB 
shows a low content of UFA with a low level of MDA in milk indicating a high 
degree of antioxidant protection in the milk of the OPEFB diet group. This study 
outcome was in agreement with Gross et al. (2011) as they discovered that C4 
to C16 milk fatty acids rose with decreasing negative energy balance, but C18:0 
and cis-9 C18:1 milk fatty acid reduced as adipose tissue mobilization decreased 
in early lactation cows. It would mean that in this study, the animals are not in 
negative energy balance, despite being conducted in early lactation. 
 

Therefore, the overall outcome of the study showed that 5% of the OPEFB feed 
is useful to be fed when the animals experience stressful conditions for instance, 
during early lactation. As both of the major compounds of interest in the OPEFB 
extract, hexadecanoic acid, methyl ester, and 11-Octadecenoic acid, methyl 
ester may contained antioxidant properties, which may help the animal better 
manage current metabolic demand during peak milk production. Another 
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biological property of hexadecanoic acid, methyl ester, worth mentioning is anti-
inflammatory (Othman et al., 2015; Aparna et al., 2012; Elwekeel et al., 2023) 
which is most beneficial if it is utilized in the feed after kidding. The increase in 
milk SFA and protein content would help in faster increasing the weight of the 
kids as more energy and protein is ingested hence, leading to reduced weaning 
age of the kids.  
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CHAPTER 7 
 
 

SUMMARY, GENERAL CONCLUSION AND FUTURE RESEARCH 
RECOMMENDATIONS 

 
 

7.1 Summary and general conclusion 
 
 
Briefly, the current work has identified hexadecanoic acid, methyl ester as the 
main bioactive phytochemical constituents of interest that are found in 
abundance in the OPEFB extract. Rumen acetate production was decreased, 
iso-butyric, iso-valeric, and palmitic acid productions were increased, and gas 
production kinetics were reduced with the population of total bacteria, protozoa, 
and B. fibrisolvens was decreased with an increased level of the OPEFB extract 
in the in-vitro rumen fermentation. While in the in-vivo study, rumen iso-butyric 
and iso-valeric productions were increased as well as the total protozoa 
population in the rumen, the population of methanogens, methanobacteriales, 
and rumen cellulolytic bacteria was decreased with the 5% of OPEFB methanolic 
extract supplementation in the animal's diet. The fatty acid profile in the rumen, 
blood, and milk was altered with the incorporation of the 5% OPEFB methanolic 
extract in the feed, with an increase in the milk SFA content along with the 
reduction of UFA and MUFA content in milk, especially. The 5% OPEFB 
methanolic extract diet also increases the milk protein content and milk 
antioxidant capacity while reducing the lactose content of the milk. Whilst, the 
serum biochemistry profile of the animal fed with the 5% OPEFB methanolic 
extract diet was unaffected. In conclusion, the OPEFB extract supplemented at 
5% can be incorporated as a supplement into the animal feed especially when 
the animal experiences stressful conditions such as early lactation to alleviate 
oxidative stress of the animal and further improve the milk quality of the animal.  
 
 
7.2 Future research recommendations 
 
 
The outcome of the current study has managed to contribute new knowledge as 
mentioned briefly above. However, several improvements could be made for 
useful future research. There are:  
 
 

• Duplicating the above research approach but using a high-concentrate 
feed as a basal diet. 

• In-depth study on the production of long-chain fatty acids in the milk. 

• In-depth study on the milk protein profile for example the total protein 
fraction, casein content, and whey content of the milk for the 
development of specialized dairy products. 

• Increase the number of animals in the feeding trial to assess further 
physiological changes in the animals. 

 

© C
OPYRIG

HT U
PM



77 

 

REFERENCES 
 
 
Abbeddou, S., Rischkowsky, B., Richter, E. K., Hess, H. D., & Kreuzer, M. 
 (2011). Modification of milk fatty acid composition by feeding forages 
 and agro-industrial byproducts from dry areas to Awassi sheep. Journal 
 of Dairy Science, 94(9), 4657-4668. 
 
Abdel-Hady, H., El-Wakil, E. A., & Abdel-Gawad, M. (2018). GC-MS analysis, 
 antioxidant and cytotoxic activities of Mentha spicata. European Journal 
 of Medicinal Plants, 26(1), 1-12. 
 
Abdullah, N., & Sulaiman, F. (2013). The oil palm wastes in Malaysia. Biomass 
 Now-Sustainable Growth and Use, 1 (3): 75-93. 
 
AbuGhazaleh, A. A., Schingoethe, D. J., Hippen, A. R., Kalscheur, K. F., & 
 Whitlock, L. A. (2002). Fatty acid profiles of milk and rumen digesta from 
 cows fed fish oil, extruded soybeans or their blend. Journal of Dairy 
 Science, 85(9), 2266-2276. 
 
Adeyemi, K. D., Sabow, A. B., Aghwan, Z. A., Ebrahimi, M., Samsudin, A. A., 
 Alimon, A. R., & Sazili, A. Q. (2016). Serum fatty acids, biochemical 
 indices and antioxidant status in goats fed canola oil and palm oil 
 blend. Journal of Animal Science and Technology, 58, 1-11. 
 
Ahmad, N., Hasan, Z. A. A., Muhamad, H., Bilal, S. H., Yusof, N. Z., & Idris, Z. 
 (2018). Determination of total phenol, flavonoid, antioxidant activity of oil 
 palm leaves extracts and their application in transparent soap. J. Oil 
 Palm Res, 30(2), 315-325. 
 
Aiman-Zakaria, A., Yong-Meng, G., Ali-Rajion, M., Jafari, S., Faseleh-Jahromi, 
 M., Shokriyazdan, P., & Ebrahimi, M. (2017). The influence of plant 
 polyphenols from oil palm (Elaeis guineensis Jacq.) leaf extract on 
 fermentation characteristics, biohydrogenation of C18 PUFA, and 
 microbial populations in rumen of goats: in vitro study. Acta Agriculturae 
 Scandinavica, Section A—Animal Science, 67(1-2), 76-84. 
 
Akhlaghi, B., Ghasemi, E., Alikhani, M., Ghaffari, M. H., & Razzaghi, A. (2022). 
 Effects of supplementing pomegranate peel with fatty acid sources on 
 oxidative stress, blood metabolites, and milk production of dairy cows 
 fed high-concentrate diets. Animal Feed Science and Technology, 286, 
 115228. 
 
Alexander, D. D., Bylsma, L. C., Vargas, A. J., Cohen, S. S., Doucette, A., 
 Mohamed, M., Irvin, S.R., Miller, P.E., Watson, H. and Fryzek, J.P. 
 (2016). Dairy consumption and CVD: A systematic review and meta-
 analysis. British Journal of Nutrition, 115, 737–750. 
 
Allison, M. J. (1978). Production of branched-chain volatile fatty acids by certain 
 anaerobic bacteria. Applied and environmental microbiology, 35(5), 
 872-877. 

© C
OPYRIG

HT U
PM



78 

 

 
Al-Al-Goranya, S. M., AL-Abachib, S. Z., Arifc, A. I., Aboglidad, E. E., & 
 Al_Abdelie, E. H. (2020). Preliminary Phytochemical Screening And GC-
 MS Analysis Of Bioactive Constituents In The Ethanolic Extract Of 
 Empty Fruit Bunches. Journal Clean WAS (JCleanWAS), 4(2), 55-59. 
 
Al-Jumaili, W.S.R. (2018). Effect of supplementing oil palm (Elaeis guineensis 
 Jacq.) leaf methanolic extracts on rumen fermentation and meat quality 
 of boer goat, PhD thesis. Universiti Putra Malaysia. 
 
Almeida, O.C., Pires, A.V., Susin, I., Gentil, R.S., Mendes, C.Q., Queiroz, 
 M.A.A.,  Ferreira, E.M., Eastridge, M.L., (2013). Milk fatty acids profile 
 and arterial blood milk fat precursors concentration of dairy goats fed 
 increasing doses of soybean oil. Small Rumin. Res. 114 (1), 152–160. 
 
AOAC, 1999. Official Methods of Analysis, 16th ed. (930.15, 984.13). 
 Association of Official Analytical Chemists, Washington, DC, 1999. 
 
AOAC. 1990. Official Methods of Analysis.15th ed. Association of Official 
 Analytical Chemists, Arlington, VA. 
 
Apajalahti, J., Vienola, K., Raatikainen, K., Holder, V., & Moran, C. A. (2019). 
 Conversion of branched-chain amino acids to corresponding isoacids-
 an in vitro tool for estimating ruminal protein degradability. Frontiers in 
 veterinary science, 311. 
 
Apaoblaza, A., Gerrard, S. D., Matarneh, S. K., Wicks, J. C., Kirkpatrick, L., 
 England, E. M., Scheffler, T.L., Duckett, S.K., Shi, H., Silva, S.L., Grant, 
 A.L. & Gerrard, D. E. (2020). Muscle from grass-and grain-fed cattle 
 differs energetically. Meat Science, 161, 107996. 
 
Aparna, V., Dileep, K. V., Mandal, P. K., Karthe, P., Sadasivan, C., & Haridas, 
 M. (2012). Anti‐inflammatory property of n‐hexadecanoic acid: structural 
 evidence and kinetic assessment. Chemical biology & drug 
 design, 80(3), 434-439. 
 
Armentano, L. E., Bertics, S. J., & Riesterer, J. (1993). Lack of response to 
 addition of degradable protein to a low protein diet fed to mid lactation 
 dairy cows. Journal of Dairy Science, 76(12), 3755-3762. 
 
Argaman, N. (2021). Direct effects of phenolic compounds on the mammary 
 gland: In vivo and ex vivo evidence. Food Chemistry: Molecular 
 Sciences, 3, 100034. 
 
Arunkumar, S., & Muthuselvam, M. (2009). Analysis of phytochemical 
 constituents and antimicrobial activities of Aloe vera L. against clinical 
 pathogens. World Journal Of Agricultural Sciences, 5(5), 572-576. 
 
Asoka, M. G., Abu, G. O., & Agwa, O. K. (2021). Proximate and physicochemical 
 composition of oil palm empty fruit bunch. GSC Biological and 
 Pharmaceutical Sciences, 17(1), 026-032. 

© C
OPYRIG

HT U
PM



79 

 

 
Astiti, N. P. A., & Ramona, Y. (2021). GC-MS analysis of active and applicable 
 compounds in methanol extract of sweet star fruit (Averrhoa carambola 
 L.) leaves. HAYATI Journal of Biosciences, 28(1), 12-12. 
 
Avila, A. S., Zambom, M. A., Faccenda, A., Fischer, M. L., Anschau, F. A., 
 Venturini, T., Tinini, R.C.R. Jessica G. Dessbesell, J.G. & Faciola, A. P. 
 (2020). Effects  of black wattle (Acacia mearnsii) condensed tannins on 
 intake, protozoa population, ruminal fermentation, and nutrient 
 digestibility in Jersey steers. Animals, 10(6), 1011. 
 
Ayala, A., Muñoz, M. F., & Argüelles, S. (2014). Lipid peroxidation: production, 
 metabolism, and signaling mechanisms of malondialdehyde and 4-
 hydroxy-2-nonenal. Oxidative medicine and cellular longevity, 2014. 
 
Bach, A. C., & Babayan, V. K. (1982). Medium-chain triglycerides: an 
 update. The American Journal Of Clinical Nutrition, 36(5), 950-962. 
 
Banakar, P. S., Kumar, S., Varada, V. V., Dixit, S., Tyagi, N., & Tyagi, A. K. 
 (2022). Dietary supplementation of Aloe vera extract modulates rumen 
 microbes and improves the functional food value of milk by altering 
 phenolic content, antioxidant capacity, and fatty acid profile in lactating 
 goats. Animal Biotechnology, 1-12. 
 
Banakar, P. S., Kumar, S., Varada, V. V., Dixit, S., Tyagi, N., & Tyagi, A. K. 
 (2022).  Dietary supplementation of Aloe vera extract modulates rumen 
 microbes and improves the functional food value of milk by altering 
 phenolic content, antioxidant capacity, and fatty acid profile in lactating 
 goats. Animal Biotechnology, 1-12. 
 
Banaras, S., Javaid, A., Shoaib, A., & Ahmed, E. (2017). Antifungal activity of 
 Cirsium arvense extracts against phytopathogenic fungus 
 Macrophomina phaseolina. Planta Daninha, 35. 
 
Bannink, A., France, J., Lopez, S., Gerrits, W. J. J., Kebreab, E., Tamminga, S., 
 & Dijkstra, J. (2008). Modelling the implications of feeding strategy on 
 rumen fermentation and functioning of the rumen wall. Animal Feed 
 Science and Technology, 143(1-4), 3-26. 
 
Banskalieva, V., Sahlu, T. A., & Goetsch, A. L. (2000). Fatty acid composition of 
 goat muscles and fat depots: a review. Small Ruminant 
 Research, 37(3), 255-268. 
 
Bas, P., Chilliard, Y., Morand-Fehr, P., Rouzeau, A., & Mandran, N. (1987). 
 Composition des principaux tissus adipeux de la chèvre Alpine en fin de 
 lactation. In Annales de zootechnie (Vol. 36, No. 4, pp. 361-374). 
 
Belanche, A., Arturo-Schaan, M., Leboeuf, L., Yáñez-Ruiz, D., & Martín-García, 
 I. (2023). Early life supplementation with a natural blend containing 
 turmeric, thymol, and yeast cell wall components to optimize rumen 

© C
OPYRIG

HT U
PM



80 

 

 anatomical and microbiological development and productivity in dairy 
 goats. Journal of Dairy Science, 106(7), 4634-4649. 
 
Bendary, E., Francis, R. R., Ali, H. M. G., Sarwat, M. I., & El Hady, S. (2013). 
 Antioxidant and structure-activity relationships (SARs) of some phenolic 
 and anilines compounds. Annals of Agricultural Sciences, 58(2), 173-
 181. 
 
Bernard, L., Leroux, C., & Chilliard, Y. (2008). Expression and nutritional 
 regulation of lipogenic genes in the ruminant lactating mammary 
 gland. Bioactive components of milk, 67-108. 
 
Bezerra, H.V.A., Buarque, V.L.M., Silva, L.S.B., Leme, P.R.P., Vidal, A.M.C., 
 Vaz, A.C.N., Gallo, S.B., Silva, S.L., & Leme, P.R. (2020). Effect of 
 Castor and Cashew Nut Shell Oils, Selenium and Vitamin E as 
 Antioxidants on the Health and Meat Stability of Lambs Fed a High-
 Concentrate Diet. Antioxidants, 9, 1298. 
 
Bionaz, M., Thering, B. J., & Loor, J. J. (2012). Fine metabolic regulation in 
 ruminants via nutrient–gene interactions: saturated long-chain fatty 
 acids increase expression of genes involved in lipid metabolism and 
 immune response partly through PPAR-α activation. British Journal of 
 Nutrition, 107(2), 179-191. 
 

Bionaz, M., Osorio, J., & Loor, J. J. (2015). TRIENNIAL LACTATION 
 SYMPOSIUM: Nutrigenomics in dairy cows: Nutrients, transcription 
 factors, and techniques. Journal of animal science, 93(12), 5531-5553. 
 

Blümmel, M., & Becker, K. (1997). The degradability characteristics of fifty-four 
 roughages and roughage neutral-detergent fibres as described by in 
 vitro gas production and their relationship to voluntary feed 
 intake. British Journal of Nutrition, 77(5), 757-768. 
 

Boeckaert C, Vlaeminck B, Fievez V, Maignien L, Dijkstra J, Boon N. 
 Accumulation of trans C18: 1 fatty acids in the rumen after dietary algal 
 supplementation is associated with changes in the Butyrivibrio 
 community. Appl Environ Microbiol. 2008; 74(22):6923–6930. 
 

Bonanno, A., Di Grigoli, A., Todaro, M., Alabiso, M., Vitale, F., Di Trana, A., 
 Giorgio, D., Settanni, L., Gaglio, R., Laddomada, B. & Di Miceli, G. 
 (2019). Improvement of oxidative status, milk and cheese production, 
 and food sustainability indexes by addition of durum wheat bran to dairy 
 cows’ diet. Animals, 9(9), 698. 
 
Borghi, T. H., Silva Sobrinho, A. G. D., Zeola, N. M. B. L., Almeida, F. A. D., 
 Cirne,  L. G. A., & Lima, A. R. C. (2016). Dietary glycerin does not affect 
 meat quality of Ile de France lambs. Revista Brasileira de Zootecnia, 45, 
 554-562. 
 

© C
OPYRIG

HT U
PM



81 

 

Bryszak, M., Szumacher-Strabel, M., El-Sherbiny, M., Stochmal, A., Oleszek, 

 W., Roj, E., Patra, A.K. & Cieslak, A. (2019). Effects of berry seed 

 residues on ruminal fermentation, methane concentration, milk 

 production, and fatty acid proportions in the rumen and milk of dairy 

 cows. Journal of dairy science, 102(2), 1257-1273. 

 

Buccioni, A., Pallara, G., Pastorelli, R., Bellini, L., Cappucci, A., Mannelli, F., ... 

 & Pauselli, M. (2017). Effect of dietary chestnut or quebracho tannin 

 supplementation on microbial community and fatty acid profile in the 

 rumen of dairy ewes. BioMed Research International, 2017. 

 
Cabiddu, A., Molle, G., Decandia, M., Spada, S., Fiori, M., Piredda, G., & Addis, 
 M. (2009). Responses to condensed tannins of flowering sulla 
 (Hedysarum coronarium L.) grazed by dairy sheep: Part 2: Effects on 
 milk fatty acid profile. Livestock Science, 123(2-3), 230-240. 
 
Canini, A., Alesiani, D., D’Arcangelo, G., & Tagliatesta, P. (2007). Gas 
 chromatography–mass spectrometry analysis of phenolic compounds 
 from Carica papaya L. leaf. Journal of food composition and 
 analysis, 20(7), 584-590. 
 
Cammack, K. M., Austin, K. J., Lamberson, W. R., Conant, G. C., & Cunningham, 

 H. C. (2018). Ruminant Nutrition Symposium: Tiny but mighty: the role 

 of the rumen microbes in livestock production. Journal of Animal 

 Science, 96(2), 752–770. 

 
Caroprese, M., Albenzio, M., Bruno, A., Fedele, V., Santillo, A., & Sevi, A. (2011). 
 Effect of solar radiation and flaxseed supplementation on milk 
 production and fatty acid profile of lactating ewes under high ambient 
 temperature. Journal of Dairy Science, 94(8), 3856-3867. 
 
Carreño, D., Hervás, G., Toral, P. G., Belenguer, A., & Frutos, P. (2015). Ability 

 of different types and doses of tannin extracts to modulate in vitro 

 ruminal biohydrogenation in sheep. Animal Feed Science and 

 Technology, 202, 42-51. 

 

Carrillo, J. A., He, Y., Li, Y., Liu, J., Erdman, R. A., Sonstegard, T. S., & Song, J. 
 (2016). Integrated metabolomic and transcriptome analyses reveal 
 finishing forage affects metabolic pathways related to beef quality and 
 animal welfare. Scientific reports, 6(1), 1-16. 
 
Casler, M. D., & Jung, H. J. G. (2006). Relationships of fibre, lignin, and 
 phenolics to in vitro fibre digestibility in three perennial grasses. Animal 
 Feed Science And Technology, 125(1-2), 151-161. 
 
Castillo, C., Hernandez, J., Bravo, A., Lopez-Alonso, M., Pereira, V., & Benedito, 
 J. L. (2005). Oxidative status during late pregnancy and early lactation 
 in dairy cows. The Veterinary Journal, 169(2), 286-292. 
 

© C
OPYRIG

HT U
PM



82 

 

Castillo, K., Miyata, T., Maeda, K., Miyata, S., Sugiyama, S., Sakai, H., De 
 Strihou, C.V.Y., Monnier, V.M., Witztum, J.L. & Kurokawa, K. (1997). 
 Immunohistochemical colocalization of glycoxidation products and lipid 
 peroxidation products in diabetic renal glomerular lesions. Implication for 
 glycoxidative stress in the pathogenesis of diabetic nephropathy. The 
 Journal Of Clinical Investigation, 100(12), 2995-3004. 
 
Castillejos, L., Calsamiglia, S., & Ferret, A. (2006). Effect of essential oil active 
 compounds on rumen microbial fermentation and nutrient flow in in vitro 
 systems. Journal Of Dairy Science, 89(7), 2649-2658. 
 
Chamberlain, M. B., & DePeters, E. J. (2017). Impacts of feeding lipid 
 supplements high in palmitic acid or stearic acid on performance of 
 lactating dairy cows. Journal of Applied Animal Research, 45(1), 126-
 135. 
 
Chandan, R. C., Attaie, R., & Shahani, K. M. (1992). Nutritional aspects of goat 
 milk and its products. In Proc. V. Intl. Conf. Goats (Vol. 2, No. part II, p. 
 399). 
 
Chanjula, P., Suntara, C., & Cherdthong, A. (2021). The effects of oil palm fronds 
 silage supplemented with urea-calcium hydroxide on rumen 
 fermentation and nutrient digestibility of Thai native-Anglo Nubian 
 goats. Fermentation, 7(4), 218. 
 

Chappell, J., & Hahlbrock, K. (1984). Transcription of plant defence genes in 

 response to UV light or fungal elicitor. Nature, 311(5981), 76-78. 

 

Chardigny, J.M., Destaillats, F., Malpuech-Brugère, C., Moulin, J., Bauman, 
 D.E., Lock, A.L., Barbano, D.M., Mensink, R.P., Bezelgues, J.B., 
 Chaumont, P., Combe, N., Cristiani, I., Joffre, F., German, JB., Dionisi, 
 F., Boirie, Y. & Sébédio, J. L. (2008). Do trans fatty acids from industrially 
 produced sources and from natural sources have the same effect on 
 cardiovascular disease risk factors in healthy subjects? Results of the 
 trans Fatty Acids Collaboration (TRANSFACT) study. The American 
 Journal Of Clinical Nutrition, 87(3), 558-566. 
 

Chau, T. P., Van Tran, H., Alwahibi, M. S., Ali, M. A., & Shanmuganathan, R. 

 (2021).  Phytochemical profiling and GC-MS analysis of Vitis rotundifolia 

 pulp extract (Jumbo muscadine). Applied Nanoscience, 1-8. 

 

Chen, J., & Liu, H. (2020). Nutritional indices for assessing fatty acids: A mini-
 review. International Journal of Molecular Sciences, 21(16), 5695. 
 
Chen, X., Zhao, X., Deng, Y., Bu, X., Ye, H., & Guo, N. (2019). Antimicrobial p
 otential of myristic acid against Listeria monocytogenes in milk. The 
 Journal of Antibiotics, 72(5), 298-305. 
 
Chilliard, Y., & Bocquier, F. (1993, December). Effects of fat supplementation on 
 milk yield and composition in dairy goats and ewes. In International 

© C
OPYRIG

HT U
PM



83 

 

 Symposium la Qualita nell Produzioni dei Piccoli Ruminanti (Vol. 5, pp. 
 61-78). 
 
Chilliard, Y., Ferlay, A., Rouel, J., & Lamberet, G. (2003). A review of nutritional 
 and physiological factors affecting goat milk lipid synthesis and 
 lipolysis. Journal of dairy science, 86(5), 1751-1770. 
 

Cholewińska, P., Górniak, W., & Wojnarowski, K. (2021). Impact of selected 

 environmental factors on microbiome of the digestive tract of 

 ruminants. BMC veterinary research, 17(1), 1-10. 

 

Cieślak, A., Varadyova, Z., Kišidayová, S., Jalč, D., & Szumacher-Strabel, M. 
 (2013). Effect of diets with fruit oils supplements on rumen fermentation 
 parameters, fatty acid composition and methane production in vitro. 
 Journal of Animal and Feed Sciences. 22(1):26-34. 
 
Cochrane, (2011). In: Higgins, J.P.T., Green, S. (Eds.), Cochrane Handbook for 
 Systematic Reviews of Interventions, Version 5.1.0 (Updated March 
 2011). The Cochrane Collaboration, 2011 [Online]. Cochrane.  
 
Cone, J. W., & van Gelder, A. H. (1999). Influence of protein fermentation on gas 
 production profiles. Animal Feed Science and Technology, 76(3-4), 251-
 264. 
 
Conlon, M. A., Sambanthamurthi, R., Tan, Y. A., Sundram, K., Fairus, S., & 
 Abeywardena, M. Y. (2020). Consumption of an oil palm fruit extract 
 promotes large bowel health in rats. Nutrients, 12(3), 644. 
 
Costa, M., Alves, S. P., Cappucci, A., Cook, S. R., Duarte, A., Caldeira, R. M., 
 McAllister, T.A. & Bessa, R. J. (2018). Effects of condensed and 
 hydrolyzable tannins on rumen metabolism with emphasis on the 
 biohydrogenation of unsaturated fatty acids. Journal of Agricultural and 
 Food Chemistry, 66(13), 3367-3377. 
 
Cremonesi, P., Conte, G., Severgnini, M., Turri, F., Monni, A., Capra, E., Rapetti 

 L., Colombini S., Chessa S., Battelli G., Alves S.P., Mele, M., & 

 Castiglioni, B. (2018). Evaluation of the effects of different diets on 

 microbiome diversity and fatty acid composition of rumen liquor in dairy 

 goat. Animal, 12(9), 1856-1866. 

 

Cremonesi, P., Conte, G., Severgnini, M., Turri, F., Monni, A., Capra, E., ... & 
 Castiglioni, B. (2018). Evaluation of the effects of different diets on 
 microbiome diversity and fatty acid composition of rumen liquor in dairy 
 goat. Animal, 12(9), 1856-1866. 
 
Cremonesi, P., Conte, G., Severgnini, M., Turri, F., Monni, A., Capra, E., Rapetti 
 L., Colombini S., Chessa S., Battelli G., Alves S.P., Mele, M., & 
 Castiglioni, B. (2018). Evaluation of the effects of different diets on 
 microbiome diversity and fatty acid composition of rumen liquor in dairy 
 goat. Animal, 12(9), 1856- 1866. 

© C
OPYRIG

HT U
PM



84 

 

 
Cushnie, T. T., & Lamb, A. J. (2005). Antimicrobial activity of 
 flavonoids. International journal of antimicrobial agents, 26(5), 343-356. 
 
College of Veterinary Medicine, Cornell University. (2017). Chemistry (Cobas). 
 (Electronic version). Retrieved from https://www.vet.cornell.edu/animal-
 health-diagnostic-center/laboratories/clinical-pathology/reference-
 intervals/chemistry 
 
Correddu, F., Gaspa, G., Pulina, G., & Nudda, A. (2016). Grape seed and 
 linseed, alone and in combination, enhance unsaturated fatty acids in 
 the milk of Sarda dairy sheep. Journal of Dairy Science, 99(3), 1725-
 1735. 
 
Coutinho, D. A., Branco, A. F., Santos, G. T. D., Osmari, M. P., Teodoro, A. L., 
 & Diaz, T. G. (2014). Intake, digestibility of nutrients, milk production and 
 composition in dairy cows fed on diets containing cashew nut shell 
 liquid. Acta Scientiarum. Animal Sciences, 36, 311-316. 
 
Dahlan, I. (2000). Oil palm frond, a feed for herbivores. Asian Australasian 
 Journal  of Animal Sciences, 13, 300-303. 
 
Dai, X., & Faciola, A. P. (2019). Evaluating strategies to reduce ruminal protozoa 
 and their impacts on nutrient utilization and animal performance in 
 ruminants–a meta-analysis. Frontiers in Microbiology, 10, 2648. 
 
De Andrade, G. P., De Carvalho, F. F. R., Batista, Â. M. V., Pessoa, R. A. S., da 
 Costa,  C. A., Cardoso, D. B., & do Vale Maciel, M. (2018). Evaluation 
 of crude glycerin as a partial substitute of corn grain in growing diets for 
 lambs. Small Ruminant Research, 165, 41-47. 
 
De Nardi, R., Marchesini, G., Plaizier, J. C., Li, S., Khafipour, E., Ricci, R., 
 Andrighetto, I., & Segato, S. (2014). Use of dicarboxylic acids and 
 polyphenols to attenuate reticular pH drop and acute phase response in 
 dairy heifers fed a high grain diet. BMC veterinary research, 10, 1-8. 
 
De Nardi, R., Marchesini, G., Li, S., Khafipour, E., Plaizier, K.J., Gianesella, M., 

 Ricci, R., Andrighetto, I., & Segato, S. (2016). Metagenomic analysis of 

 rumen microbial population in dairy heifers fed a high grain diet 

 supplemented with dicarboxylic acids or polyphenols. BMC veterinary 

 research, 12, 1-9. 

 

De Onis, M., & Branca, F. (2016). Childhood stunting: a global 
 perspective. Maternal & child nutrition, 12, 12-26. 
 

De Souza, J., Strieder-Barboza, C., Contreras, G. A., & Lock, A. L. (2019). 
 Effects of timing of palmitic acid supplementation during early lactation 
 on nutrient digestibility, energy balance, and metabolism of dairy 
 cows. Journal of Dairy Science, 102(1), 274-287. 
 

© C
OPYRIG

HT U
PM

https://www.vet.cornell.edu/animal-%09health-diagnostic-center/laboratories/clinical-pathology/reference-%09intervals/chemistry
https://www.vet.cornell.edu/animal-%09health-diagnostic-center/laboratories/clinical-pathology/reference-%09intervals/chemistry
https://www.vet.cornell.edu/animal-%09health-diagnostic-center/laboratories/clinical-pathology/reference-%09intervals/chemistry


85 

 

Delazar, A., Nazifi, E., Movafeghi, A., Nahar, L., Nazemieh, H., Moghadam, S. 
 B., Asnaashari, S., & Sarker, S. D. (2009). GC-MS analysis of 
 Ornithogalum procerum. DARU, 17(1), 33-36. 
 
Delgadillo-Puga, C., Cuchillo-Hilario, M., León-Ortiz, L., Ramírez-Rodríguez, A., 

 Cabiddu, A., Navarro-Ocaña, A., Morales-Romero, A.M., Medina-

 Campos, O.N. & Pedraza-Chaverri, J. (2019). Goats’ feeding 

 supplementation with Acacia farnesiana pods and their relationship with 

 milk composition: Fatty acids, polyphenols, and antioxidant 

 activity. Animals, 9(8), 515. 

 

Department of Veterinary Services (2023). 
 https://www.dvs.gov.my/dvs/resources/user_1/2023/BPSPV/Perangka
 an%20%202023/Buku_Perangkaan_Ternakan_2022_2023.pdf 
 

Department of Veterinary Services, 2020. Retrieved 23 September 2023 from 

 https://www.dvs.gov.my/dvs/resources/user_1/2022/BPSPV/Perangka

 an%20 2021.2  

  

 https://www.dvs.gov.my/dvs/resources/user_1/2019/BP/Perangkaan%

 20Tern akan%2020182019/1)_Malaysia_Perangkaan_Ternakan.pdf  

  

 https://www.dvs.gov.my/dvs/resources/user_1/2020/BP/Perangkaan/3.

 Muka_ Surat_1-12_OK_.pdf 

 

Devillard E, & Wallace R.J. (2006). Biohydrogenation in the rumen and human 
 intestine: Implications for CLA and PUFA. Lipid Technol 18: 127-130. 
 
Devillard, E., McIntosh, F. M., Newbold, C. J., & Wallace, R. J. (2006). Rumen 
 ciliate protozoa contain high concentrations of conjugated linoleic acids 
 and vaccenic acid, yet do not hydrogenate linoleic acid or desaturate 
 stearic acid. British Journal of Nutrition, 96(4), 697-704. 
 
Dewanckele, L., Toral, P. G., Vlaeminck, B., & Fievez, V. (2020). Invited review: 

 Role of rumen biohydrogenation intermediates and rumen microbes in 

 diet-induced milk fat depression: An update. Journal of Dairy 

 Science, 103(9), 7655-7681. 

 

Dewhurst, R. J., Shingfield, K. J., Lee, M. R., & Scollan, N. D. (2006). Increasing 

 the concentrations of beneficial polyunsaturated fatty acids in milk 

 produced by dairy cows in high-forage systems. Animal Feed Science 

 and Technology, 131(3-4), 168-206. 

 

Dilika, F., Bremner, P. D., & Meyer, J. J. M. (2000). Antibacterial activity of linoleic 

 and oleic acids isolated from Helichrysum pedunculatum: a plant used 

 during circumcision rites. Fitoterapia, 71(4), 450-452. 

 

© C
OPYRIG

HT U
PM

https://www.dvs.gov.my/dvs/resources/user_1/2023/BPSPV/Perangka
https://www.dvs.gov.my/dvs/resources/user_1/2023/BPSPV/Perangka
https://www.dvs.gov.my/dvs/resources/user_1/2022/BPSPV/Perangkaan%20%092021.2
https://www.dvs.gov.my/dvs/resources/user_1/2022/BPSPV/Perangkaan%20%092021.2
https://www.dvs.gov.my/dvs/resources/user_1/2019/BP/Perangkaan%25%0920Tern%09akan%2020182019/1)_Malaysia_Perangkaan_Ternakan.pdf
https://www.dvs.gov.my/dvs/resources/user_1/2019/BP/Perangkaan%25%0920Tern%09akan%2020182019/1)_Malaysia_Perangkaan_Ternakan.pdf
https://www.dvs.gov.my/dvs/resources/user_1/2020/BP/Perangkaan/3.%09Muka_%09Surat_
https://www.dvs.gov.my/dvs/resources/user_1/2020/BP/Perangkaan/3.%09Muka_%09Surat_


86 

 

Dransfield, J., Uhl, N. W., Asmussen, C. B., Baker, W. J., Harley, M. M., & Lewis, 
 C. E. (2008). Genera palmarum-the evolution and classification of the 
 palms. 
 
Dransfield, J., Uhl, N. W., Asmussen, C. B., Baker, W. J., Harley, M. M., & Lewis, 
 C. E. (2008). Genera palmarum-the evolution and classification of the 
 palms. 
 
Duke, J. A. (1994). Dr. Duke's phytochemical and ethnobotanical databases. 
 
Duraisamy, R., Shuge, T., Worku, B., Berekete, A. K., & Ramasamy, K. M. 

 (2020).  Extraction, screening and spectral characterization of tannins 

 from Acacia xanthophloea (Fever Tree) Bark. Research Journal of 

 Textile and Leather, 1 (1), 1-10, 1. 

 
Ebrahimi, M., Rajion, M. A., Goh, Y. M., & Sazili, A. Q. (2012). Impact of different 
 inclusion levels of oil palm (Elaeis guineensis Jacq.) fronds on fatty acid 
 profiles of goat muscles. Journal of Animal Physiology and Animal 
 Nutrition, 96(6), 962-969. 
 
Ebrahimi, M., Rajion, M. A., Goh, Y. M., Sazili, A. Q., & Schonewille, J. T. (2013). 
 Effect of linseed oil dietary supplementation on fatty acid composition 
 and gene expression in adipose tissue of growing goats. BioMed 
 Research International, 2013. 
 
Ebrahimi, M., Rajion, M. A., Meng, G. Y., Shokryzadan, P., Sazili, A. Q., & 
 Jahromi, M. F. (2015). Feeding oil palm (Elaeis guineensis, Jacq.) fronds 
 alters rumen protozoal population and ruminal fermentation pattern in 
 goats. Italian Journal of Animal Science, 14(3), 3877. 
 
Eger, M., Graz, M., Riede, S., & Breves, G. (2018). Application of MootralTM 
 reduces methane production by altering the archaea community in the 
 rumen simulation technique. Frontiers in Microbiology, 9, 2094. 
 
El-Gindy, Y. M., Zahran, S. M., Ahmed, M. H., Idres, A. Y., Aboolo, S. H., & 

 Morshedy, S. A. (2022). Reproductive performance and milk yield of 

 rabbits fed diets supplemented with garden cress (Lepidium sativum) 

 seed. Scienific Reports, 12(1), 17083. 

 

Elwekeel, A., Hassan, M. H., Almutairi, E., AlHammad, M., Alwhbi, F., Abdel-

 Bakky, M. S., Amin, E., & Mohamed, E. I. (2023). Anti-Inflammatory, 

 Anti-Oxidant, GC-MS Profiling and Molecular Docking Analyses of Non-

 Polar Extracts from Five Salsola Species. Separations, 10(2), 72. 

 

Emami, A., Ganjkhanlou, M., Nasri, M. F., Zali, A., & Rashidi, L. (2015). 
 Pomegranate seed pulp as a novel replacement of dietary cereal grains 
 for kids. Small Ruminant Research, 123(2-3), 238-245. 
 

© C
OPYRIG

HT U
PM



87 

 

Engels, C., Schieber, A., & Gänzle, M. G. (2011). Inhibitory spectra and modes 
 of antimicrobial action of gallotannins from mango kernels (Mangifera 
 indica L.). Applied and Environmental Microbiology, 77(7), 2215-2223. 
 

Enjalbert, F., Garrett, J. E., Moncoulon, R., Bayourthe, C., & Chicoteau, P. 
 (1999).  Effects of yeast culture (Saccharomyces cerevisiae) on ruminal 
 digestion in non-lactating dairy cows. Animal Feed Science and 
 Technology, 76(3-4), 195-206. 
 
Erdman, R. A. (1988). Dietary buffering requirements of the lactating dairy cow: 
 a review. Journal of Dairy Science, 71(12), 3246-3266. 
 
Fajrih, N., Wiryawan, K. G., Sumiati, S., Syahpura, S. K., & Winarsih, W. (2022). 
 Identification of bioactive compounds of banana corm (Musa 
 paradisiaca) using GC-MS and its inhibitory effect against pathogenic 
 bacteria. Biodiversitas Journal of Biological Diversity, 23(1). 
 
FAOSTAT, 2023. https://www.fao.org/faostat/en/#data/QCL 

 

Formato, M., Cimmino, G., Brahmi-Chendouh, N., Piccolella, S., & Pacifico, S. 
 (2022). Polyphenols for Livestock Feed: Sustainable Perspectives for 
 Animal Husbandry?. Molecules, 27(22), 7752. 
 
Forsberg, C. W., & K.-J. Cheng. (1992). Molecular strategies to optimize forage 

 and cereal digestion by ruminants. In: D. D. Bills and S.-D. Kung (Ed.), 

 Biotechnology and Nutrition (pp. 107-147). Butterworth Heinmann, 

 Stoneham, UK. 

 
Freeman, C. P. (1969). Properties of fatty acids in dispersions of emulsified lipid 
 and bile salt and the significance of these properties in fat absorption in 
 the pig and the sheep. Br. J. Nutr. 23:249–263. 
 
Forsberg, C., & Cheng, K. J. (1992). Molecular strategies to optimize forage and 
 cereal digestion by ruminants. In Biotechnology and nutrition (pp. 109-
 147). Newnes. 
 
Filípek, J., & Dvořák, R. (2009). Determination of the volatile fatty acid content in 
 the rumen liquid: comparison of gas chromatography and capillary 
 isotachophoresis. Acta Veterinaria Brno, 78(4), 627-633. 
 
Fievez, V., Babayemi, O. J., & Demeyer, D. (2005). Estimation of direct and 
 indirect gas production in syringes: A tool to estimate short chain fatty 
 acid production that requires minimal laboratory facilities. Animal Feed 
 Science And Technology, 123, 197-210. 
 
Filípek, J., & Dvořák, R. (2009). Determination of the volatile fatty acid content in 
 the rumen liquid: comparison of gas chromatography and capillary 
 isotachophoresis. Acta Veterinaria Brno, 78(4), 627-633. 
 

© C
OPYRIG

HT U
PM

https://www.fao.org/faostat/en/#data/QCL


88 

 

Folch, J., Lees, M., & Sloane Stanley, G. H. (1957). A simple method for the 
 isolation and purification of total lipids from animal tissues. J Biol. 
 Chem., 226(1), 497-509. 
 
Fievez, V., Babayemi, O. J., & Demeyer, D. (2005). Estimation of direct and 
 indirect gas production in syringes: A tool to estimate short chain fatty 
 acid production that requires minimal laboratory facilities. Animal Feed 
 Science And Technology, 123, 197-210. 
 
Flint, H. J., Bayer, E. A., Rincon, M. T., Lamed, R., & White, B. A. (2008). 
 Polysaccharide utilization by gut bacteria: potential for new insights from 
 genomic analysis. Nature Reviews Microbiology, 6(2), 121-131. 
 
Galbraith, H., & Miller, T. B. (1973). Effect of long chain fatty acids on bacterial 

 respiration and amino acid uptake. Journal of Applied Microbiology, 

 36(4), 659-675. 

 

Gama, M. A. S., Garnsworthy, P. C., Griinari, J. M., Leme, P. R., Rodrigues, P. 
 H. M.,  Souza, L. W. D. O., & Lanna, D. P. D. (2008). Diet-induced milk 
 fat depression: Association with changes in milk fatty acid composition 
 and fluidity of milk fat. Livestock Science, 115(2-3), 319-331. 
 
Gao, T., Zhang, Y., Shi, J., Mohamed, S. R., Xu, J., & Liu, X. (2021). The 
 antioxidant guaiacol exerts fungicidal activity against fungal growth and 
 deoxynivalenol  production in Fusarium graminearum. Frontiers in 
 Microbiology, 12, 762844. 
 
Gardner, A. S., Rahman, I. A., Lai, C. T., Hepworth, A., Trengove, N., Hartmann, 
 P. E., & Geddes, D. T. (2017). Changes in fatty acid composition of 
 human milk in response to cold-like symptoms in the lactating mother 
 and infant. Nutrients, 9(9), 1034. 
 
Gessner, D. K., Koch, C., Romberg, F. J., Winkler, A., Dusel, G., Herzog, E., 
 Most,  E., & Eder, K. (2015). The effect of grape seed and grape marc 
 meal extract  on milk performance and the expression of genes of 
 endoplasmic reticulum stress and inflammation in the liver of dairy cows 
 in early lactation. Journal of Dairy Science, 98(12), 8856-8868. 
 
Gessner, D. K., Brock, C., Hof, L. M., Most, E., Koch, C., & Eder, K. (2020). 
 Effects  of supplementation of green tea extract on the milk performance 
 of peripartal dairy cows and the expression of stress response genes in 
 the liver. Journal of Animal Science and Biotechnology, 11(1), 1-12. 
 
Getachew, G., Robinson, P.H., DePeters, E.J., Taylor, S.J., Gisi, D.D., 
 Higginbotham, G.E. and Riordan, T.J. (2005). Methane production from 
 commercial dairy rations estimated using an in vitro gas technique. 
 Animal Feed Science and Technology. 123: 391-402. 
 
Ghani, A. A. A., Rusli, N. D., Shahudin, M. S., Goh, Y. M., Zamri-Saad, M., 
 Hafandi, A., & Hassim, H. A. (2017). Utilisation of oil palm fronds as 

© C
OPYRIG

HT U
PM



89 

 

 ruminant feed and its effect on fatty acid metabolism. Pertanika Journal 
 of Tropical Agricultural Science, 40(2). 
 
Ghasemi, S., Naserian, A. A., Valizadeh, R., Tahmasebi, A. M., Vakili, A. R., 
 Behgar, M., & Ghovvati, S. (2012). Inclusion of pistachio hulls as a 
 replacement for alfalfa hay in the diet of sheep causes a shift in the 
 rumen cellulolytic bacterial population. Small Ruminant 
 Research, 104(1-3), 94-98. 
 
Givens, D. I. (2020). MILK Symposium review: The importance of milk and dairy 

 foods in the diets of infants, adolescents, pregnant women, adults, and 

 the elderly. Journal of Dairy Science, 103(11), 9681-9699. 

 

Goel, G., Arvidsson, K., Vlaeminck, B., Bruggeman, G., Deschepper, K., & 
 Fievez,  V. (2009). Effects of capric acid on rumen methanogenesis and 
 biohydrogenation of linoleic and α-linolenic acid. Animal, 3(6), 810-816. 
 
Goel, G., Puniya, A. K., Aguilar, C. N., & Singh, K. (2005). Interaction of gut 
 microflora with tannins in feeds. Naturwissenschaften, 92, 497-503. 
 
Goh, Y.M., (2002). Dietary manipulations using oil palm (Elaeis guineensis) 
 fronds  to increase the unsaturated fatty acid content of mutton under 
 tropical conditions. Ph.D.  Diss., Universiti Putra Malaysia, Malaysia. 
 
Granot, E., Ishay-Gigi, K., Malaach, L., and Flidel-Rimon, O. (2016). Is there a 
 difference in breast milk fatty acid composition of mothers of preterm and 
 term infants? J. Matern Fetal. Neonatal. Med. 29, 832–835.  
 
Greyling, J. P. C., Mmbengwa, V. M., Schwalbach, L. M. J., & Muller, T. (2004). 
 Comparative milk production potential of Indigenous and Boer goats 
 under two feeding systems in South Africa. Small Ruminant 
 Research, 55(1-3), 97-105. 
 
Gross, J., van Dorland, H. A., Bruckmaier, R. M., & Schwarz, F. J. (2011). Milk 
 fatty acid profile related to energy balance in dairy cows. Journal of Dairy 
 Research, 78(4), 479-488. 
 
Hadaya, O., Landau, S. Y., Glasser, T., Muklada, H., Dvash, L., Mesilati-Stahy, 
 R., & Argov-Argaman, N. (2017). Milk composition in Damascus, 
 Mamber and F1 Alpine crossbred goats under grazing or confinement 
 management. Small Ruminant Research, 153, 31-40. 
 
Hadaya, O., Landau, S. Y., Glasser, T., Muklada, H., Deutch, T., Shemesh, M., 
 & Argov-Argaman, N. (2020). Producing pasture-like milk from goats in 
 confinement. Livestock Science, 236, 104056. 
 
Hadaya, O., Landau, S. Y., Muklada, H., Deutch-Traubmann, T., Glasser, T., 
 Bransi-Nicola, R., Azaizeh, H., Awwad, S., Halahlih, F., Shalev, Y. & 
 Argov-Haenlein, G.F.W., & Caccese, R. (1984) Goat milk versus cow 

© C
OPYRIG

HT U
PM



90 

 

 milk, in Extension Goat Handbook (eds G.F.W. Haenlein and D.L. Ace), 
 USDA Publications, Washington, DC, E-1, p. 1. 
 
Halmemies-Beauchet-Filleau, A., Kokkonen, T., Lampi, A. M., Toivonen, V., 
 Shingfield, K. J., & Vanhatalo, A. (2011). Effect of plant oils and camelina 
 expeller on milk fatty acid composition in lactating cows fed diets based 
 on red clover silage. Journal of Dairy Science, 94(9), 4413-4430. 
 
Han, N., & May, C. (2012). Determination of antioxidants in oil palm empty fruit 
 bunches. American Journal of Applied Sciences, 9(11), 1862-1867. 
 
Harfoot, C. G. (1981). Anatomy, physiology and microbiology of the ruminant 
 digestive tract. Lipid Metabolism in Ruminant Animals, 1-19.  
 
Harfoot, C.G., Hazlewood, G.P., (1997). Lipid metabolism in the rumen. In: 
 Hobson, P.N., Stewart, D.S. (Eds.), The Rumen Microbial Ecosystem, 
 second ed. Chapman & Hall, London, pp. 382–426. 
 
Harlow, B. E., Flythe, M. D., Kagan, I. A., & Aiken, G. E. (2017). Biochanin A (an 
 isoflavone produced by red clover) promotes weight gain of steers 
 grazed in mixed grass pastures and fed dried‐distillers’ grains. Crop 
 Science, 57(1), 506-514. 
 
Harlow, B. E., Flythe, M. D., & Aiken, G. E. (2018). Biochanin A improves fibre 
 fermentation by cellulolytic bacteria. Journal of Applied 
 Microbiology, 124(1), 58-66. 
 
Hart, K.J., D.R. Yáñez-Ruiz, S.M. Duval, N.R. McEwan and C.J. Newbold, 2008. 
 Plant extracts to manipulate rumen fermentation. Anim. Feed Sci. 
 Technol. 147: 8–35. 
 
Harun, N. L. A (2015). Effect of different levels of Leucaena leucocephala and 
 Manihot esculenta leaves diet on rumen fermentation, urinary purine 
 derivatives and rumen microbial population of goats. Master Diss. 
 Universiti Putra Malaysia, Malaysia. 
 
Hashmi, M. A., Khan, A., Hanif, M., Farooq, U., & Perveen, S. (2015). Traditional 
 uses, phytochemistry, and pharmacology of Olea europaea 
 (olive). Evidence-Based Complementary and Alternative 
 Medicine, 2015. 
 
Heim, K. E., Tagliaferro, A. R., & Bobilya, D. J. (2002). Flavonoid antioxidants: 
 chemistry, metabolism and structure-activity relationships. The Journal 
 of Nutritional Biochemistry, 13(10), 572-584. 
 
Hema, R., Kumaravel, S., & Alagusundaram, K. (2011). GC/MS determination of 
 bioactive components of Gracilaria dura. J. Am. Sci., 7(1), 80-83. 
 
Henderson, C. (1973). The effects of fatty acids on pure cultures of rumen 
 bacteria. The Journal of Agricultural Science, 81(1), 107-112. 
 

© C
OPYRIG

HT U
PM



91 

 

Hiai, S., Oura, H., & Nakajima, T. (1976). Color reaction of some sapogenins and 
 saponins with vanillin and sulfur1c acid. Planta medica, 29(02), 116-
 122. 
 
Higgins, J. P., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta‐
 analysis. Statistics in Medicine, 21(11), 1539-1558. 
 
Hofmann, R. W., Swinny, E. E., Bloor, S. J., Markham, K. R., Ryan, K. G., 
 Campbell, B. D., ... & Fountain, D. W. (2000). Responses of nine 
 Trifolium repens L. populations to ultraviolet-B radiation: differential 
 flavonol glycoside accumulation and biomass production. Annals of 
 Botany, 86(3), 527-537. 
 
Huang, H., Lechniak, D., Szumacher-Strabel, M., Patra, A. K., Kozłowska, M., 
 Kolodziejski, P., Gao, M., Ślusarczyk, S., Petrič, D., & Cieslak, A. (2022). 
 The effect of ensiled paulownia leaves in a high-forage diet on ruminal 
 fermentation, methane production, fatty acid composition, and milk 
 production performance of dairy cows. Journal of Animal Science and 
 Biotechnology, 13(1), 1-19. 
 
Huang, H., Szumacher-Strabel, M., Patra, A. K., Ślusarczyk, S., Lechniak, D., 
 Vazirigohar, M., Varadyova, Z., Kozłowska, M., & Cieślak, A. (2021). 
 Chemical and phytochemical composition, in vitro ruminal fermentation, 
 methane production, and nutrient degradability of fresh and ensiled 
 Paulownia hybrid leaves. Animal Feed Science and Technology, 279, 
 115038. 
 
Hume, I.D. (1970). Synthesis of microbial protein in the rumen. II. A response to 
 higher volatile fatty acids. Austr. J. Agric. Res. 21, 297–304. 
 
Hungate, R. E. (1966). The rumen and its microbes. Academic Press, New York. 
  
Huws, S. A., Kim, E. J., Kingston-Smith, A. H., Lee, M. R., Muetzel, S. M., 
 Cookson, A. R., Newbold, C. J., Wallace, R. J., & Scollan, N. D. (2009). 
 Rumen protozoa are rich in polyunsaturated fatty acids due to the 
 ingestion of chloroplasts. FEMS microbiology ecology, 69(3), 461–471. 
 
Huws, S. A., Creevey, C. J., Oyama, L. B., Mizrahi, I., Denman, S. E., Popova, 
 M., Muñoz-Tamayo, R., Forano, E., Waters, S.M., Hess, M. and Tapio, 
 I., & Morgavi, D. P. (2018). Addressing global ruminant agricultural 
 challenges through understanding the rumen microbiome: past, present, 
 and future. Frontiers in microbiology, 9, 2161. 
 
Ibrahim, M. M., Nadiah, M. N., & Amirue, A. A. (2005). Extraction of tannin from 

 oil palm empty fruit bunch as a rust deactivator. In Regional Symposium 

 on Chemical Engineering (pp. 197-201). 

Ibrahim, N. I., Fairus, S., & Naina Mohamed, I. (2020). The effects and potential 

 mechanism of oil palm phenolics in cardiovascular health: a review on 

 current evidence. Nutrients, 12(7), 2055. 

© C
OPYRIG

HT U
PM



92 

 

Iskender, H., Kaynar, O., Hayirli, A., & Camadan, Y., (2018). Milk Lipid and 
 Protein  Profiles of Abkhazian and Kackar Goats. Trop. Anim. Sci. J., 41 
 (1), 60-66. 

Ismail, H. I., Chan, K. W., Mariod, A. A., & Ismail, M. (2010). Phenolic content 

 and antioxidant activity of cantaloupe (Cucumis melo) methanolic 

 extracts. Food Chemistry, 119(2), 643-647. 

Jafari, S., Goh, Y. M., Rajion, M. A., Faseleh Jahromi, M., & Ebrahimi, M. (2016). 

 Ruminal methanogenesis and biohydrogenation reduction potential of 

 papaya (Carica papaya) leaf: an in vitro study. Italian Journal of Animal 

 Science, 15(1), 157-165. 

 

Jaffri, J. M. (2009). Effects of oil palm frond methanolic extract on blood pressure, 

 antioxidant status and selected organs of nitric oxide deficient rats. Ph.D 

 Diss., Universiti Putra Malaysia, Malaysia. 

 
Jaffri, J. M., Mohamed, S., Ahmad, I. N., Mustapha, N. M., Manap, Y. A., & 
 Rohimi, N. (2011). Effects of catechin-rich oil palm leaf extract on normal 
 and hypertensive rats’ kidney and liver. Food chemistry, 128(2), 433-
 441. 
 

Jakobsen, M. U., Bysted, A., Andersen, N. L., Heitmann, B. L., Hartkopp, H. B., 

 Leth, T., Overvad, K., & Dyerberg, J. (2006). Intake of ruminant trans-

 fatty acids and risk of coronary heart disease–an 

 overview. Atherosclerosis Supplements, 7(2), 9-11. 

 
Jananie, R.K., Priya, V., & Vijayalakshmi, K. (2011). Determination of bioactive 

 components of Cynodon dactylon by GC-MS analysis. N. Y. Sci. J., 4, 

 16–20. 

 

Janssen, P.H. and Kirs, M. (2008). Structure of the archaeal community of the 
 rumen. Applied and Environmental Microbiology, 74(12), 3619-3625. 
 
Janssen, P. H. (2010). Influence of hydrogen on rumen methane formation and 
 fermentation balances through microbial growth kinetics and 
 fermentation thermodynamics. Animal Feed Science and 
 Technology, 160(1-2), 1-22. 
 

Jayanegara, A., Kreuzer, M., Wina, E., & Leiber, F. (2011). Significance of 

 phenolic compounds in tropical forages for the ruminal bypass of 

 polyunsaturated fatty acids and the appearance of biohydrogenation 

 intermediates as examined in vitro. Animal Production Science, 51(12), 

 1127-1136. 

 

Jayanegara, A., Kreuzer, M., & Leiber, F. (2012). Ruminal disappearance of 

 polyunsaturated fatty acids and appearance of biohydrogenation 

 products when incubating linseed oil with alpine forage plant species in 

 vitro. Livestock Science, 147(1-3), 104-112. 

© C
OPYRIG

HT U
PM



93 

 

 

Jayanegara, A., Goel, G., Makkar, H. P., & Becker, K. (2015). Divergence 
 between purified hydrolysable and condensed tannin effects on 
 methane emission, rumen fermentation and microbial population in 
 vitro. Animal Feed Science and Technology, 209, 60-68. 
 
Jenkins, T. C., Wallace, R. J., Moate, P. J., & Mosley, E. E. (2008). Board-invited 
 review: Recent advances in biohydrogenation of unsaturated fatty acids 
 within the rumen microbial ecosystem. Journal of animal science, 86(2), 
 397-412. 
 
Jeong, J. B., & Jeong, H. J. (2010). 2-Methoxy-4-vinylphenol can induce cell 

 cycle arrest by blocking the hyper-phosphorylation of retinoblastoma 

 protein in benzo [a] pyrene-treated NIH3T3 cells. Biochemical and 

 biophysical research communications, 400(4), 752-757. 

 

Jones, G. A., T. A. McAllister, A. D. Muir, & K.-J. Cheng. (1994). Growth and 

 proteolysis by four strains of ruminal bacteria. Appl. Environ. Microbiol. 

 60:1374–1378. 

 

Jouany, J. P., & Morgavi, D. P. (2007). Use of ‘natural’ products as alternatives 
 to antibiotic feed additives in ruminant production. Animal, 1(10), 1443-
 1466. 
 
Jouany, J. P., Lassalas, B., Doreau, M., & Glasser, F. (2007). Dynamic features 
 of the rumen metabolism of linoleic acid, linolenic acid and linseed oil 
 measured in vitro. Lipids, 42(4), 351-360. 
 
Kaczmarek, B. (2020). Tannic acid with antiviral and antibacterial activity as a 
 promising component of biomaterials—A minireview. Materials, 13(14), 
 3224. 
 
Kala, A., Kamra, D. N., Kumar, A., Agarwal, N., Chaudhary, L. C., & Joshi, C. G. 
 (2017). Impact of levels of total digestible nutrients on microbiome, 
 enzyme profile and degradation of feeds in buffalo rumen. PLoS 
 One, 12(2), e0172051. 
 
Kamra, D. N., Patra, A. K., Chatterjee, P. N., Kumar, R., Agarwal, N., & 
 Chaudhary, L. C. (2008). Effect of plant extracts on methanogenesis and 
 microbial profile of the rumen of buffalo: a brief overview. Australian 
 Journal of Experimental Agriculture, 48(2), 175-178. 
 
Kaneko, J. J., Harvey, J. W., & Bruss, M. L. (Eds.). (2008). Clinical biochemistry 
 of domestic animals. Academic press.  
 
Kang, S., Suzuki, R., Suzuki, Y., Koike, S., Nagashima, K., & Kobayashi, Y. 
 (2018). Rumen responses to dietary supplementation with cashew nut 
 shell liquid and its cessation in sheep. Animal science journal = Nihon 
 chikusan Gakkaiho, 89(11), 1549–1555. 
 

© C
OPYRIG

HT U
PM



94 

 

Kapusta, A., Kuczyńska, B., & Puppel, K. (2018). Relationship between the 
 degree of antioxidant protection and the level of malondialdehyde in 
 high-performance Polish Holstein-Friesian cows in peak of 
 lactation. PLoS One, 13(3), e0193512. 
 
Keeney, M. (1970). Lipid metabolism in the rumen. Physiology of Digestion and 
 Metabolism in the Ruminant. 
 
Kemp, P., White, R. W., & Lander, D. J. (1975). The hydrogenation of 
 unsaturated fatty acids by five bacterial isolates from the sheep rumen, 
 including a new species. Microbiology, 90(1), 100-114. 
 
Kepler, C. R., Hirons, K. P., McNeill, J. J., & Tove, S. B. (1966). Intermediates 
 and products of the biohydrogenation of linoleic acid by Butyrivibrio 
 fibrisolvens. Journal of Biological Chemistry, 241(6), 1350-1354. 
 
Khiaosa-Ard, R., Bryner, S. F., Scheeder, M. R. L., Wettstein, H. R., Leiber, F., 

 Kreuzer, M., & Soliva, C. R. (2009). Evidence for the inhibition of the 

 terminal step of ruminal α-linolenic acid biohydrogenation by condensed 

 tannins. Journal of Dairy Science, 92(1), 177-188. 

 

Khiaosa-Ard, R., & Zebeli, Q. (2013). Meta-analysis of the effects of essential 
 oils and their bioactive compounds on rumen fermentation 
 characteristics and feed efficiency in ruminants. Journal of Animal 
 Science, 91(4), 1819-1830. 
 
Khurana, R., Brand, T., Tapio, I., & Bayat, A. R. (2023). Effect of a garlic and 

 citrus  extract supplement on performance, rumen fermentation, 

 methane production, and rumen microbiome of dairy cows. Journal of 

 Dairy Science, 106(7), 4608-4621. 

 

Kim, Y. J., Liu, R. H., Bond, D. R., & Russell, J. B. (2000). Effect of linoleic acid 
 concentration on conjugated linoleic acid production by Butyrivibrio 
 fibrisolvens A38. Applied and Environmental Microbiology, 66(12), 
 5226-5230. 
 

Kim, E. T., Lee, S. J., Lee, S. M., Lee, S. S., Lee, I. D., Lee, S. K., & Lee, S. S. 
 (2015).  Effects of flavonoid-rich plant extracts on in vitro ruminal 
 methanogenesis, microbial populations and fermentation 
 characteristics. Asian-Australasian Journal of Animal Sciences, 28(4), 
 530. 
 
Koike S, & Kobayashi Y. (2001). Development and use of competitive PCR 
 assays for the rumen cellulolytic bacteria: Fibrobacter succinogenes, 
 Ruminococcus albus and Ruminococcus flavefaciens. FEMS Microbiol. 
 Lett. 204(2):361–366. 
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Appendix B: Instrument used for in-vitro rumen fermentation study 
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Appendix C2: Materials and methods for systematic review  
on the effect of polyphenol supplementation on milk composition and 

fatty acid of dairy animal 
 
 

A database of previous studies involving polyphenol supplementation and milk 
fatty acid profile was created based on the guideline requirements of the 
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
(Liberati et al., 2009). The literature search was performed in several databases, 
including Google Scholar, Scopus, and Science Direct. The keywords used to 
search the databases were "feed" "milk fatty acid", "extract", "polyphenol", and 
"rumen. The keywords were chosen to identify publications with experiments that 
were appropriate for further exploration. The response of interest included total 
phenolic content, milk fat content, milk protein content, milk lactose content, milk 
saturated fatty acid (SFA) content and milk medium-chain fatty acid (MCFA) 
content. A total of 2214 studies were identified through database searches: 
Google Scholar (1980), Science Direct (156), and Scopus (78). The first round 
of exclusion excluded review articles, books and encyclopedias, leaving 297 
studies suitable for further screening. In the second round of screening, irrelevant 
articles were excluded which includes conference proceedings, in-vitro studies 
and reviews, which resulted in 81 articles remaining. In these two stages, the 
title and, if necessary, the abstracts were reviewed. The final screening was 
performed to select eligible studies according to the following criteria: (1) the 
study was conducted between 2008 and 2023, (2) the study used a control group 
without polyphenol supplementation, (3) the study reported at least one of the 
outcome variables listed, and (4) the study reported the mean values and 
associated error. Only those manuscripts from which the authors of this review 
could extract the required data were included. Finally, 21 articles met the 
required criteria and were included in this systematic review and the list of the 
chosen articles were tabulated in a table in appendix C4. Appendix C3 below 
showed the search flow and data extraction process of the current study.  
 
 
The analysis was performed using Review Manager (RevMan version 5.3.5; The 
Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark). 
The standard mean difference (SMD) approach RevMan implemented in the 
software was used as the basis of the comparison between the controls and 
treatments. Individual study weights were calculated as the inverse of the 
variance. Weighted averages and 95 % confidence intervals (CI) were pooled 
and a random effect model was used to compute a summary of the effect across 
studies (Cochrane, 2011). Given the different study locations covered by the 
review and the nature of the studies, assuming a single common fixed effect 
model was untenable. Heterogeneity among studies was evaluated using the 
Inconsistency index (Higgins and Thompson, 2002). The I2 value describes the 
percentage of total variation across studies that is due to heterogeneity rather 
than chance (Higgins and Thompson, 2002). A classification of the I2

 values was 
used to interpret the heterogeneity magnitude: values around 25 %, 50 %, and 
75 % were considered as low, medium, and high heterogeneity respectively 
(Higgins and Thompson, 2002). The asymmetry of the funnel plot, which consists 
of a scatterplot of the mean variable value against its standard error, was used 
to assess publication bias (Cochrane, 2011). 
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Appendix C3: Literature retrieval flowchart 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



1
2
3

 

 

A
p

p
e
n

d
ix

 C
4
: 

D
a
ta

 t
a
b

u
la

ti
o

n
 o

f 
th

e
 c

h
o

s
e
n

 i
n

-v
iv

o
 e

x
p

e
ri

m
e
n

ts
 f

o
r 

th
e
 s

y
s
te

m
a
ti

c
 r

e
v
ie

w
 a

n
a

ly
s
is

 
 

 
N

o
. 

E
x
p

 
R

e
fe

re
n

c
e
s

 
S

p
e

c
ie

s
 

P
a
ri

ty
 

s
ta

tu
s

  
B

a
s
a
l 

fe
e
d

 
P

o
ly

p
h

e
n

o
l 

s
o

u
rc

e
s
 

T
y
p

e
 o

f 
p

o
ly

p
h

e
n

o
l 

s
o

u
rc

e
s

 

T
o

ta
l 

p
h

e
n

o
li

c
 

c
o

n
te

n
t,

 %
 o

f 
D

M
 

A
d

a
p

ta
ti

o
n

 
p

e
ri

o
d

/ 
lo

n
g

 
tr

e
a
tm

e
n

t 
(d

a
y
) 

M
il

k
in

g
 

(t
im

e
/ 

d
a

y
) 

1
 

Y
a
o
 e

t 
a
l.
 

(2
0
2
1
) 

C
o
w

 
(H

o
ls

te
in

) 
M

u
lt
ip

a
ro

u
s
 

T
M

R
2
; 

6
0
: 

4
0
 o

f 
fo

ra
g
e
 t

o
 c

o
n
c
e
n
tr

a
te

 
ra

ti
o

 (
F

: 
C

)1
 

1
8
%

 S
o
y
b
e
a
n
 

M
e

a
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.2

0
2
 

1
5
/5

 
2
 

1
1
%

 
U

n
fe

rm
e

n
te

d
 

y
e
llo

w
 w

in
e
 l
e

s
s
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.5

8
2
 

1
1
%

 F
e

rm
e

n
te

d
 

y
e
llo

w
 w

in
e
 l
e

s
s
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.6

7
6
 

2
 

K
h
o
lif

 e
t 
a
l.
 

(2
0
1
8
) 

G
o
a
t 

(N
u
b
ia

n
) 

M
u

lt
ip

a
ro

u
s
 

4
0
: 

6
0
 (

F
: 

C
)1

 

E
g
y
p
ti
a

n
 b

e
rs

e
e
m

 
c
lo

v
e
r 

a
n
d
 

c
o
n
c
e
n
tr

a
te

s
 m

ix
tu

re
. 

C
o
n
tr

o
l 

F
o

ra
g
e
s
 

- 
1
5
/7

 
2
 

1
0
m

l 
M

. 
o
le

if
e
ra

 
le

a
v
e
s
 e

x
tr

a
c
t 

F
o

ra
g
e
s
 

0
.6

 

2
0
m

l 
M

. 
o
le

if
e
ra

 
le

a
v
e
s
 e

x
tr

a
c
t 

F
o

ra
g
e
s
 

1
.2

 

4
0
m

l 
M

. 
o
le

if
e
ra

 
le

a
v
e
s
 e

x
tr

a
c
t 

F
o

ra
g
e
s
 

2
.4

 

3
 

K
h
o
s
ra

v
i 
e
t 

a
l.
 (

2
0
1
8
) 

C
o
w

 
(H

o
ls

te
in

) 
M

u
lt
ip

a
ro

u
s
 

T
M

R
1
 

C
o
rn

 s
ila

g
e
  

F
o

ra
g
e
s
 

0
.0

5
3
 

2
1
/7

 
3
 

S
o
rg

h
u
m

 s
ila

g
e
 

F
o

ra
g
e
s
 

1
.6

9
8
 

4
 

M
it
s
io

p
o
u
lo

u
 

e
t 

a
l.
 (

2
0
2
1
) 

G
o
a
t 

(A
lp

in
e
 x

 
L
o
c
a
l 
b
re

e
d
) 

 

n
/a

 
C

o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

 
5
0
: 

5
0
 (

F
: 

C
)1

 

C
o
n
tr

o
l 

 
F

o
ra

g
e
s
 

6
.3

1
2
 

7
/1

0
0
 

2
 

5
%

 o
f 

w
h
o
le

 
s
e
s
a
m

e
 s

e
e
d
  

S
e
e
d
/g

ra
in

 
9
.4

3
 

1
0
%

 o
f 
w

h
o
le

 
s
e
s
a
m

e
 s

e
e
d

 
S

e
e
d
/g

ra
in

 
1
2
.6

0
3
 

5
 

C
a
b
id

d
u
 e

t 
a
l.
 (

2
0
0
9
) 

S
h
e
e
p
 

(S
a
rd

in
ia

n
) 

 
 

G
ra

z
in

g
 S

u
lla

-b
a
s
e
d
 

p
a
s
tu

re
 

S
u
lla

 p
a
s
tu

re
 o

n
 

4
th
 M

a
y
 

F
o

ra
g
e
s
 

3
.2

1
 

1
4
/1

4
 

2
 

© C
OPYRIG

HT U
PM



1
2
4

 

 

S
u
lla

 p
a
s
tu

re
 o

n
 

1
7

th
 M

a
y
 

F
o

ra
g
e
s
 

3
.5

5
 

S
u
lla

 p
a
s
tu

re
 o

n
 

1
s
t  J

u
n
 

F
o

ra
g
e
s
 

3
.4

2
 

6
 

A
b
b
e
d
d
o
u
 e

t 
a
l.
 (

2
0
1
1
) 

S
h
e
e
p
 

(A
w

a
s
s
i)
  

M
u

lt
ip

a
ro

u
s
 

3
0
: 

7
0
 (

F
: 

C
)1

 e
x
c
e
p
t 

O
liv

e
 c

a
k
e
 d

ie
t 

2
0
:8

0
 

(F
: 

C
)1

 

C
o
n
tr

o
l 

F
o

ra
g
e
s
 

0
.6

7
 

1
0
/5

0
 

2
 

L
e
n
ti
l 
s
tr

a
w

 
F

o
ra

g
e
s
 

1
.3

2
 

A
tr

ip
le

x
 l
e

a
v
e
s
 

F
o

ra
g
e
s
 

0
.5

7
 

O
liv

e
 l
e

a
v
e
s
 

F
o

ra
g
e
s
 

2
.2

5
 

O
liv

e
 c

a
k
e
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.5

3
 

T
o

m
a
to

 p
o
m

a
c
e
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.6

0
 

7
 

C
a
m

p
io

n
e
 e

t 
a
l.
 (

2
0
2
1
) 

S
h
e
e
p
 

(C
o
m

is
a
n
a
) 

 
M

u
lt
ip

a
ro

u
s
 

C
o
n
c
e
n
tr

a
te

s
 w

it
h
 a

d
 

lib
it
u
m

 h
a
y
  

C
o
n
v
e
n
ti
o

n
a
l 

c
o
n
c
e
n
tr

a
te

 a
s
 

c
o
n
tr

o
l 

c
o
n
c
e
n
tr

a
te

 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.1

9
4
 

1
4
/2

1
 

2
 

E
x
p
e
ri
m

e
n
ta

l 
c
o
n
c
e
n
tr

a
te

: 
w

it
h
 

C
o
c
o
a
 b

e
a
n
 s

h
e
ll 

S
e
e
d
/g

ra
in

 
0
.5

2
 

8
 

C
o
re

d
d
u
 e

t 
a
l.
 (

2
0
1
6
) 

S
h
e
e
p
 

(S
a
rd

a
) 

M
u

lt
ip

a
ro

u
s
 

T
M

R
2
 

C
o
n
tr

o
l 
(c

o
rn

, 
s
o
y
b
e
a
n
, 
p
e
a
) 

S
e
e
d
/g

ra
in

 
- 

1
4
/5

6
 

w
e
e
k
ly

 

G
ra

p
e
 s

e
e
d
  

S
e
e
d
/g

ra
in

 
0
.0

3
7
 

E
x
tr

u
d
e
d
 l
in

s
e
e
d

 
S

e
e
d
/g

ra
in

 
- 

M
ix

e
d
 o

f 
g
ra

p
e
 

s
e
e
d
 a

n
d
 

e
x
tr

u
d
e
d
 l
in

s
e
e
d
 

S
e
e
d
/g

ra
in

 
0
.0

3
8
 

9
 

A
k
h
la

g
h
i 
e
t 

a
l.
 (

2
0
2
2
) 

C
o
w

 
(H

o
ls

te
in

) 
  

P
ri
m

ip
a
ro

u
s
 

T
M

R
2
 ; 

 
3
2
: 

6
8
 (

F
: 

C
)1

  
 

1
.5

%
 o

f 
p
a
lm

it
ic

 
a
c
id

-e
n
ri
c
h
e
d
 f
a
t 

w
it
h
 8

.7
%

 
p
o
m

e
g
ra

n
a
te

 
p
e
e
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

 

0
.2

8
8
 

2
1
/7

 
3
 

© C
OPYRIG

HT U
PM

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/awassi


1
2
5

 

 

1
.5

%
 C

a
 s

a
lt
s
 o

f 
fi
s
h
 o

il 
w

it
h
 8

.7
%

 
p
o
m

e
g
ra

n
a
te

 
p
e
e
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.3

5
7
 

1
.5

%
 o

f 
p
a
lm

it
ic

 
a
c
id

-e
n
ri
c
h
e
d
 f
a
t 

w
it
h
o
u
t 

p
o
m

e
g
ra

n
a
te

 
p
e
e
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.2

3
 

1
.5

%
 C

a
 s

a
lt
s
 o

f 
fi
s
h
 o

il 
w

it
h
o
u
t 

p
o
m

e
g
ra

n
a
te

 
p
e
e
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.2

2
 

1
0
 

K
o
ts

a
m

p
a
s
i 

e
t 

a
l.
 (

2
0
1
7
) 

C
o
w

 
(H

o
ls

te
in

) 
  

M
u

lt
ip

a
ro

u
s
  

T
M

R
2
 

0
%

 o
f 

P
o
m

e
g
ra

n
a
te

 
p
u
lp

 s
ila

g
e
 (

P
P

S
) 

a
s
 c

o
n
tr

o
l 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.0

7
8
 

2
0
/5

 
1
 

7
.5

%
 o

f 
P

P
S

 
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.2

2
6
 

1
5
%

 o
f 
P

P
S

 
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.3

6
4
 

1
1
 

T
o

d
a
ro

 e
t 

a
l.
 

(2
0
1
7
) 

S
h
e
e
p
 

(V
a
lle

 d
e
l 

B
e
lic

e
) 

M
u

lt
ip

a
ro

u
s
 

C
o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

p
a
rt

ia
l 
m

ix
e
d
 r

a
ti
o

n
 

(P
M

R
)3

 o
f 
a
d
 l
ib

it
u
m

 
h
a
y
 w

it
h
 6

0
0
g
 o

f 
c
o
n
c
e
n
tr

a
te

s
 d

a
ily

 
w

it
h
 1

 k
g
 o

f 
F

L
P

 
re

p
la

c
e
d
 2

0
0
 g

 o
f 

c
o
n
c
e
n
tr

a
te

s
 

0
%

 o
f 

F
re

s
h
 

le
m

o
n
 p

u
lp

 (
F

L
P

) 
a
s
 c

o
n
tr

o
l 

F
o

ra
g
e
s
 

0
.8

4
 

1
4
/7

 
1
 

9
.0

1
%

 o
f 
F

L
P

  
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

1
.1

3
2
 

1
5
.7

%
 o

f 
F

L
P

 
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

1
.3

2
2
 

1
2
 

C
a
p
p
u
c
c
i 
e
t 

a
l.
 (

2
0
1
8
) 

S
h
e
e
p
 

(C
o
m

is
a
n
a
) 

 
M

u
lt
ip

a
ro

u
s
 

C
o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

P
M

R
3
 o

f 
a
d
 l
ib

it
u
m

 
c
h
o
p
p
e
d
 l
u

c
e
rn

e
 h

a
y
 

w
it
h
 1

0
0
 g

 o
f 

ro
lle

d
 

0
%

 o
f 

o
liv

e
 c

ru
d
e
 

p
h
e
n
o
lic

 
c
o
n
c
e
n
tr

a
te

s
 

(O
C

P
C

) 

- 
- 

2
1
/1

4
 

2
 

© C
OPYRIG

HT U
PM



1
2
6

 

 

b
a
rl
e

y
, 

a
n
d
 8

0
0
 

g
/a

n
im

a
l 
d
a
ily

  
0
.6

%
 o

f 
O

C
P

C
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.0

6
4
 

0
.8

%
 o

f 
O

C
P

C
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.0

8
3
 

0
.1

2
%

 o
f 

O
C

P
C

 
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.1

1
8
 

1
3
 

G
ro

s
s
e
 

B
ri
n

k
h
a
u
s
 e

t 
a
l.
 (

2
0
1
6
) 

C
o
w

s
 

(H
o
ls

te
in

-
F

ri
e

s
ia

n
) 

 

M
u

lt
ip

a
ro

u
s
 

C
o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

P
M

R
 o

f 
g
ra

s
s
 h

a
y
, 

c
o
rn

 s
ila

g
e
, 
a
n
d
 

E
x
tr

u
lin

 1
3
5
 (

c
o
n
ta

in
 

6
0
%

 o
f 
e
x
tr

u
d
e
d
 

lin
s
e
e
d
 o

il 
a
n
d
 4

0
%

 o
f 

w
h
e
a
t 

b
ra

n
) 

 
E

x
p
e
ri
m

e
n
ta

l 
d
ie

ta
ry

 
v
a
ri
a

ti
o

n
 g

e
n
e
ra

te
d
 b

y
 

o
ff

e
ri
n

g
 A

L
/S

F
/B

T
 i
n

 
a
m

o
u
n
ts

 r
e
p
re

s
e
n
ti
n

g
 

a
p
p
ro

x
im

a
te

ly
 2

0
%

 o
f 

th
e
 b

a
s
a
l 
d
ie

t 

P
e
lle

te
d
 a

lf
a
lf
a
 

(A
L
) 

(M
e

d
ic

a
g
o
 

s
a
ti
v
a
 L

.‘
S

a
n
d
it
i’)

 

F
o

ra
g
e
s
 

 
0
.9

7
  

2
1
/7

 
2
 

P
e
lle

te
d
 s

a
in

fo
in

 
(S

F
) 

(O
n
o
b
ry

c
h
is

 
v
ic

iif
o
lia

 L
. 

‘P
e
rl
y
’)
 

F
o

ra
g
e
s
 

3
.2

4
1
 

P
e
lle

te
d
 b

ir
d
s
fo

o
t 

tr
e
fo

il 
(B

T
) 

(L
o
tu

s
 

c
o
rn

ic
u
la

tu
s
 L

. 
‘P

o
lo

m
’)
 

F
o

ra
g
e
s
 

1
.6

3
3
 

1
4
 

H
e
id

a
ri
a

n
 

M
ir
i 
e
t 

a
l.
 

(2
0
1
3
) 

G
o
a
t 

(A
lp

in
e
 

×
 B

e
e
ta

l)
 

n
/a

 
T

M
R

2
; 

5
0
: 

5
0
 (

F
: 
C

)1
 

b
e
rs

e
e
m

 h
a
y
 

a
n
d
 c

o
n
c
e
n
tr

a
te

 

0
%

 o
f 
c
u
m

in
 

s
e
e
d
 e

x
tr

a
c
t 

(C
S

E
) 

- 
- 

2
8
/2

 
2
 

1
.2

7
%

 C
S

E
  

S
e
e
d
/g

ra
in

 
3
.8

9
 

2
.5

3
%

 C
S

E
  

S
e
e
d
/g

ra
in

 
7
.7

7
 

1
5
 

K
a
ri
m

i 
e
t 

a
l.
 

(2
0
2
2
) 

C
o
w

 
(H

o
ls

te
in

) 
  

n
/a

 
T

M
R

2
 

d
ie

t 
w

it
h
o
u
t 

s
o
y
b
e
a
n
 o

il 
(S

O
0
) 

a
n
d
 d

ri
e

d
 

c
it
ru

s
 p

u
lp

 (
D

C
P

) 

-  
0
.2

5
 

2
1
/7

 
2
 

S
O

0
 +

 8
.6

5
%

 o
f 

D
C

P
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.7

1
 

© C
OPYRIG

HT U
PM



1
2
7

 

 

S
O

0
 +

 1
7
.3

%
 o

f 
D

C
P

 
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

1
.1

7
 

1
7
.3

g
 o

f 
s
o
y
b
e
a
n
 

o
il 

+
 8

.6
5
%

 o
f 

D
C

P
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

0
.7

1
 

1
7
.3

g
 o

f 
s
o
y
b
e
a
n
 

o
il 

+
 1

7
.3

%
 o

f 
D

C
P

 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

1
.1

7
 

1
6
 

C
la

u
d
io

 e
t 

a
l.
 

(2
0
2
2
) 

C
o
w

 
(H

o
ls

te
in

) 
  

M
u

lt
ip

a
ro

u
s
 

P
M

R
3
 

A
c
a
c
ia

 m
e

a
rn

s
ii 

b
a
rk

 
(6

9
4
g
 p

e
r 

k
g
 D

M
 o

f 
to

ta
l 
ta

n
n
in

) 
a
s
 t
a
n
n
in

 
s
o
u
rc

e
 

M
o

rn
in

g
 g

ra
z
in

g
 

+
 a

ft
e
rn

o
o
n
 P

M
R

 
m

e
a
l 
w

it
h
 9

.0
 g

 
o
f 

ta
n
n
in

s
/k

g
 o

f 
P

M
R

 D
M

 

- 
- 

1
4
/8

 
2
 

M
o

rn
in

g
 P

M
R

 
w

it
h
 9

.0
 g

 o
f 

ta
n
n
in

s
/k

g
 o

f 
P

M
R

 D
M

 +
 

a
ft

e
rn

o
o
n
 g

ra
z
in

g
 

m
e

a
l 
 

- 
- 

M
o

rn
in

g
 g

ra
z
in

g
 

+
 a

ft
e
rn

o
o
n
 P

M
R

 
w

it
h
 1

5
.0

 g
 o

f 
ta

n
n
in

s
/k

g
 o

f 
P

M
R

 D
M

 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

6
.8

8
5
 

1
7
 

S
a
n
to

s
 e

t 
a
l.
 

(2
0
1
6
) 

C
a
n
n
u
la

te
d
 

c
o
w

 
(H

o
ls

te
in

) 
 

n
/a

 
6
0
:4

0
 (

F
: 
C

)1
 c

o
rn

 
s
ila

g
e
 a

s
 f
o
ra

g
e
 a

n
d
 

c
o
n
c
e
n
tr

a
te

 o
f 

s
o
y
b
e
a
n
 m

e
a
l,
 g

ro
u
n
d
 

c
o
rn

 g
ra

in
, 

w
h
e
a
t 

b
ra

n
, 

u
re

a
 a

n
d
 

m
in

e
ra

l 
s
u
p
p
le

m
e

n
ts

 

C
o
n
tr

o
l 
(b

a
s
a
l 

d
ie

t)
 

F
o

ra
g
e
s
 

0
.3

4
5
  

1
4
/7

 
2
 

D
ie

t 
w

it
h
 

fl
a

x
s
e
e
d
 o

il 
(F

O
) 

 
S

e
e
d
/g

ra
in

 
0
.3

9
2
 

D
ie

t 
w

it
h
 F

O
 +

 
p
ro

p
o
lis

-b
a
s
e
d
 

P
ro

d
u
c
t 
(P

B
P

) 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

2
.8

2
7
 

D
ie

t 
w

it
h
 F

O
 +

  
P

B
P

 +
 v

it
 E

  
A

g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

2
.9

2
3
  

1
8
 

M
u

lt
ip

a
ro

u
s
 

P
M

R
 o

f 
7
6
:2

4
 (

F
: 
C

) 1
 

C
o
n
tr

o
l 

F
o

ra
g
e
s
 

- 
2
1
/5

 
2
 

© C
OPYRIG

HT U
PM



1
2
8

 

 

H
u
a
n
g
 e

t 
a
l.
 

(2
0
2
2
) 

C
o
w

s
 

(H
o
ls

te
in

-
F

ri
e

s
ia

n
) 

6
%

 o
f 

p
a
u
lo

w
n
ia

 
le

a
v
e
s
 s

ila
g
e
 d

ie
t 

re
p
la

c
in

g
 a

lf
a
lf
a
 

s
ila

g
e
 

F
o

ra
g
e
s
 

0
.3

6
  

 
 

1
9
 

K
ä
lb

e
r 

e
t 
a
l.
 

(2
0
1
2
) 

C
o
w

s
 

(H
o
ls

te
in

-
F

ri
e

s
ia

n
) 

n
/a

 
C

o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

p
a
rt

ia
l 
m

ix
e
d
 r

a
ti
o

n
 

(P
M

R
)3

 o
f 
a
d
 l
ib

it
u
m

 
fo

ra
g
e
 w

it
h
 2

k
g
 o

f 
c
o
n
c
e
n
tr

a
te

s
 d

a
ily

 

B
u
c
k
w

h
e
a
t 

d
ie

t 
F

o
ra

g
e
s
 

0
.8

5
 

9
/6

 
2
 

C
h
ic

o
ry

 d
ie

t 
F

o
ra

g
e
s
 

0
.7

1
 

R
y
e
g
ra

s
s
 d

ie
t 

F
o

ra
g
e
s
 

0
.8

2
 

2
0
 

S
ilv

a
 e

t 
a
l.
 

(2
0
1
6
) 

G
o
a
ts

 
(c

ro
s
s
b
re

d
 

S
a
a
n
e
n
) 

n
/a

 
T

M
R

2
; 

6
0
:4

0
 (

F
: 

C
)1

  
0
%

 w
h
o
le

 m
a

n
g
o
 

m
e

a
l 
(W

M
M

) 
a
s
 

c
o
n
tr

o
l 

- 
- 

1
4
/5

 
2
 

3
3
%

 W
M

M
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

3
.9

6
 

6
6
%

 W
M

M
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

7
.9

1
 

1
0
0
%

 W
M

M
 

A
g
ro

-
in

d
u
s
tr

ia
l 

b
y
p
ro

d
u
c
t 

1
1
.9

 

2
1
 

T
s
ip

la
k
o
u
 e

t 
a
l.
 (

2
0
1
7
) 

G
o
a
t 

(c
ro

s
s
-

b
re

d
) 

n
/a

 
C

o
m

p
o
n
e
n
t 

fe
e
d
in

g
; 

 
5
0
: 

5
0
 (

F
: 

C
)1

  
C

o
n
tr

o
l 

- 
- 

1
4
/3

0
 

2
 

1
%

 o
f 

C
h
lo

re
lla

 
p
y
re

n
o
id

o
s
a
  

M
a

ri
n

e
 

m
ic

ro
a
lg

a
e
 

0
.5

 

         

© C
OPYRIG

HT U
PM



129 

 

Appendix C5: Preparation of buffer in in-vitro rumen fermentation 

analysis (Fievez et al., 2005) 

 
 

Phosphate buffer 
 
The phosphate buffer used in the in-vitro rumen fermentation analysis contained 
28.8 g Na2HPO4·12H2O in a liter of distilled water, and the buffer was adjusted 
to the pH of 7 and were gassed with carbon dioxide for 1.5 hours. 
 
 
Bicarbonate buffer 
 
The bicarbonate buffer used in the in-vitro rumen fermentation analysis 
contained 39.2 g NaHCO3 in a litre of distilled water, and the buffer was adjusted 
to the pH of 7 and were gassed with carbon dioxide for 1.5 hours. 
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Appendix C6 : Gas chromatography setting for fatty acid analysis 
 
 
Oven programme 
 

- Equilibration time : 0.5 min 
- Max oven temperature : 240°C 

 

 Rate °C/min Value °C Hold up time Run time 

Initial - 140 5 5 
Ramp 1 3 200 7 32 
Ramp 2 2.3 220 3 43.696 

 
- Post run : 240°C 
- Post run time : 0 min 

 
 
Column : J&W 112-88A7:250°C:100mm×250µm×0.25µm 
 
Initial : 0 min 
H2 @ 140°C oven 
Out : Ambient pressure 
 
Flow : 2.4273 ml/min 
Pressure : 2.7549 bar 
Average velocity : 43.754 cm/sec 
Hold up time : 3.8091 min 
 
 
Inlet 
 

- Heater : 250°C 
- Pressure : 2.7549 bar 
- Total flow : 29.7 ml.min 
- Septum purge flow : 3ml/min 
- Mode : split 
- Split ratio : 10:1 
- 24.273 ml/min 

 
 
Detector 
 

- Heater : 250°C 
- H2 flow : 35 ml/min 
- Air flow : 350 ml/min 
- Makeup flow (N2) : 25ml/min 
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