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BiR PREBIYOTIiK KAYNAGI OLARAK RASYONA DEGISIK
SEVIYEDE YERELMASI VE HINDIBABA EKLENMESININ
BILDIRCINLARIN BUYUME-GELISME, KARKAS OZELLIKLERI,
KOLESTOL VE BARSAK FLORASINA ETKIiSi

OZET

Bu calisma, bir prebiyotik kaynagi olarak rasyona %1 ve %0,5 seviyesinde yer elmasi ve
hindibaba bitkisinin bildircinlarin  biiylime performansi, karkas o6zellikleri,kolestrol
icerigi ve barsak florasi ilizerine etkisini belirlemek icinyapilmistir. Toplam 225 adet
giinliik bildircin civcivleri sansa bagl olarak 3 tekerriilii 5 muamele grubuna sansa bagh
olarak dagitilmistir. Deneme, control (T1, katki maddesi igermeyen), % 0,5 Yerelmasi
elmast iceren (T2), %1 Yerelmas: igeren(T3), %0,5 Hindibaba igeren (T4) ve%l
Hindibaba igeren (T5)gruplarindan olusmustur. Hayvanlarin yemleme ve sulamalar1 6
haftalik deneme siiresince adlibitum olarak yapilmistir. Bildircin rasyonuna prebiyotik
kaynagi olarak Yerelmasi ve Hindibaba eklenmesi bildircinlari 6 hafta sonu canli agirlik,
canlt agirlik kazanci, yem tiiketimi, yemden yararlanma orani ve karkas kalitesi iizerine
istatistiki olarak herhangi bir etkisinin olmadigin1 gézlenmistir (P>0,05). Ayrica, bakteri
sayilar1 ve kolesterol icerigi her iki prebiyotikten de etkilenmemistir. Bununla birlikte,
g0giis eti rengi, besleyici prebiyotiklerin kullanimindan etkilenmistir. T3 ve T4
gruplarinda kaydedilen et rengien iyi sonucu vermistir. Disi bildircinlarin etlerindeki
parlaklik (L *) degeri, %1Yerelmast ve %0,5 Hindibaba gruplarinda, %0,5 Yerelmasi,
%1 Hindibaba ve control grubuna gore daha yiliksek bulunmustur (P<0,05). Genel olarak,
her iki prebiyotik tipinin farkli diizeylerde bildircin rasyonuna katilmasinin {iretim
performansin1 olumlu etkilemedigi, buna karsilik et rengini iyilestirebilecegi sonucuna
varilmistir.

Anahtar Kelimeler: Prebiotik, yer elmasi, hindibaba, quail, bagirsak florasi, et rengi,
kolesterol.

viii



EFFECT OF DIETARY JERUSALEM ARTICHOKE AND CHICORY
SUPPLEMENTATION ON PERFORMANCE, SERUM
CHOLESTEROL LEVEL AND GUT MICROFLORA OF JAPANESE
QUAIL (COUTRNIX JAPONICA)

ABSTRACT

In this study Jerusalem artichoke tubers and Chicory powder as a source of prebiotics at
0.5% and 1% levels were supplemented to determine the growth performance, carcass
characteristics and cholesterol content in quail chicks. An experiment of 42 days was
conducted with a flock of 225 one-day old chicks, were used in a completely randomized
design (CRD with 5 treatments and 3 replicates). Treatments were control no additive
(T1), T2 containing 0.5% Jerusalem artichoke, T3 containing 1% Jerusalem artichoke, T4
containing 0.5% Chicory and TS5 containing 1% of Chicory. All chicks had free access to
feed and water ad libitum during the 6-wk experiment. The results showed the both type
of dietary prebiotic supplementations had no effect on the live body weight, weight gain,
feed intake, feed conversion ratio and carcass quality at the end of the experiment. Also,
the bacterial counts and cholesterol content had no affected by both type of prebiotics.
While, the breast meat colour affected by using the dietary prebiotics. The best result of
meat colour recorded for the T3 and T4. The colour lightness (L* value) of the female
was increased in 1% of Jerusalem artichoke and 0.5% of Chicory supplementations
compared with 0.5% Jerusalem artichoke, 1% of Chicory and control group. Overall, it
was concluded that different level (0.5 and 1%) of both type of prebiotics cannot
positively affect production performance, while, can improve the colour of meat.

Keywords: Prebiotics, jerusalem artichoke, chicory, quail, gut flora, meat colour,

cholesterol.



1. INTRODUCTION

Enteric diseases are an important concern to the poultry industry because of lost
productivity, increased mortality, and the associated contamination of poultry products
for human consumption (human food safety). With increasing concerns about antibiotic
resistance, the ban on sub therapeutic antibiotic usage in Europe and the potential for a
ban in the United States, there is increasing interest in finding alternatives to antibiotics

for poultry production.

Prebiotics are several approaches that have potential to reduce enteric disease in poultry
and subsequent contamination of poultry products. Prebiotics are defined as a non-
digestible food ingredient that beneficially affects the host by selectively stimulating the
growth and/or activity of one or a limited number of bacteria in the colon (Gibson and

Roberfroid 1995).

Prebiotics such as Mannanoligosaccharids (Flemming et al. 2004), Fructooligosacch-
arides (Verdonk and Leeuwen 2004) and inulin (Roberfroid 2007) (Sofia and Gibson
2007) (Rehman et al. 2008) enhance the growth of intestinal bacteria and may affect the

intestinal histology.

This experiment was conducted using two very common plants as a prebiotic (Jerusalem
artichoke and Chicory), which they are two plants rich in prebiotics in their underground

parts.

Inulin derived from some kind of plants such as Jerusalem artichoke, chicory, garlic,
onion, asparagus; leak; banana, dandelion (Van Loo et al. 1995). Jerusalem artichoke and
chicory are natural sources of inulin those are rich in inulin (Kaur and Gupta

2002)(Stolzenburg 2005). Additions of inulin from chicory was found to affect positively



on performance in monogastric animals (chicken, pig, rabbit, and rat). However, in
poultry, very few reports have focused on the effect of inulin from Jerusalem artichoke

and Chicory on the gut microflora of the poultry gastrointestinal tract at the present time.

The aims of this study:

The overall aim of this study was to investigate the effect of two different types of
prebiotic supplementations, Jerusalem artichoke tuber (Helianthus tuberosus) and
Chicory roots (Cichorium intybus) on production performance and the gut microflora of

Japanese quail. The specific objectives of this study were addressed by the following:

» To investigate the effects of prebiotics on growth performance on Japanese quail.

* To investigate the effects of prebiotics on intestinal microflora by culture based

technique.

* To investigate the effects of prebiotics on serum cholesterol content.

» To investigate the effects of prebiotics on meat quality via the study of colors of meat.



2. LITERATURE REVIEW

2.1. The concept of prebiotic

Prebiotics are defined as ‘a non-digestible food ingredient that beneficially affects the
host by selectively stimulating the growth and/or activity of one or a limited number of
bacteria in the colon (Gibson and Roberfroid 1995). In other words, prebiotics are
provided as a substrate for beneficial microorganisms in the gastrointestinal tract. Large
amounts of beneficial bacteria are capable of consuming and digesting these types of
carbohydrate sources for energy, where consequently cause increased activity of

beneficial bacteria (Hillman 2001).

There are some characteristics of prebiotics as an effective source to promote beneficial

impact on poultry production and their health status.

According to Gibson et al. (2004), to be classed as a prebiotic, a dietary substrate is

supposed to follow three criteria:

1. The substrate must not be digested by endogenous enzyme in the upper gastrointestinal

tract.

2. It must be fermented specifically by beneficial commensal bacteria in large intestine.

3. Effects on the microbiota must be selective and associated with host health promotion.



2.2. The Action of Prebiotic

Prebiotics are non-digestible in the upper part of intestinal tract. Prebiotic that has a
beneficial effect through their selective metabolism in the intestinal tract (Gibson et al.
2004). The ability of a lactic acid bacteria strains to survive in the gastrointestinal tract
may be promoted by oligosaccharides facilitating the metabolism and growth of lactic
acid bacteria in the lumen (Salminen et al. 1998a). Dietary fibre, mainly oligosaccharides
and polysaccharides fermented in the colon may act as prebiotics (Ziemer and Gibson
1998)(Fooks et al. 1999). The importance of prebiotics as enhance of the growth and
performance of probiotic bacteria has been documented in humans (Fooks et al. 1999)

(Crittenden et al. 2002).

Feeding prebiotic (fructans) from chicory to broilers may improve weight gain, feed
conversion and carcass weight. Feeding chicory fructans may also have systemic effects
like a decrease in serum cholesterol levels and deposit of fat tissue (Yusrizal and Chen
2003). The selective interaction between prebiotics and the intestinal flora result in
increased intestinal colonization resistance. This was demonstrated by Kleessen et al.
(2003) who found lower numbers of total aerobes, Enterobacteriaceae, and C. perfringens
counts by supplement of fructan-rich from Jerusalem artichoke and increased
significantly (P < 0.01) B. bacteriovorus counts in caecum, as well as reduced levels of
endotoxins in the blood compared with control birds. Therefore, Jerusalem artichokes
stimulate growth of broiler chickens and protect them against endotoxins and potential
caecum pathogens. Mannanoligosaccharids (MOS) is another type of prebiotic that acts
by binding and removing pathogens from the intestinal tract and stimulating the immune
system (Patterson and Burkholder 2003). Bacteria attach to the intestinal cells of the host

with type 1 fimbriae and this attachment enables the bacteria to cause disease in the host



(Figure 2.1). Mannose, the main component of Mannanoligosaccharides, is a unique
sugar, which also contains receptors for type 1 fimbriae. Mannanoligosaccharides
functions as a competitive binding site to which the bacteria bind, after which they are
carried out of the gut instead of binding to the intestine. Salmonella typhimurium
colonisation of the intestine was decreased when 2.5% mannose was applied in the
drinking water of broilers (Giggs and Jacob 2005). Type 1 fimbriae are adhesion
organelles expressed by many Gram-negative bacteria, and presence this kind of bacteria
greatly enhances the bacteria's ability to attach to the host and cause disease (Connell et

al. 1996).
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Figure 2.1. Blocking bacterial attachment and thus inhibiting host colonization by Mannanoligosaccharides

as prebiotic (Wysong 2003)

2.3. Jerusalem Artichoke And Chicory as Prebiotic
2.3.1. General Characteristics of Jerusalem Artichoke And Chicory
The common name for this plant in the world is Jerusalem artichoke (Helianthus

tuberosus). The Jerusalem artichoke also called Sunroot, Sunchoke or earth apple is a

species of sunflower native to eastern North America.



Figure 2.2. The plant (Top) and the tubers (Bottom) of Jerusalem artichoke

Asterace as family (Compositae) that is grown as an annual crop. The tops die in the early
winter and the tubers are harvested at which time in the winter. The plant grows under
different climatic conditions and shows a good frost and drought tolerance as well as
resistance to pets and diseases (Slimestad et al. 2010). Jerusalem artichokes store
carbohydrates in the form of inulin instead of starch. Inulin is a fructooligosaccharide,
which has a range of healthy characteristics. Inulin can be regarded as a dietary fibre, a
straight chain of fructan and it is not digested by enzymes in the digestive system by
human. Inulin can be used as a bulking agent in foods when sugar is replaced with an
artificial sweetener. The volume previously occupied by sugar is replaced by the low-

calorie inulin, allowing the total caloric content of the processed product to be greatly



reduced. With little reformulation, inulin, though not sweet, functions similar to sugar,
such as, browning reactions, aroma synthesis, textural properties, in many foods.
Likewise, inulin, whether ingested as Jerusalem artichoke tubers or as a bulking agent, is
a dietary fibre and confers a number of health advantages, such as, lowers blood
cholesterol level (Kaur and Gupta 2002), promotes Bifidobacteria in the large intestine

(Hold et al. 2003; Bouhnik et al. 2007).

Chicory (Cichorium intybus), a perennial herb of the Asteraceae family, with blue
flowers, lavender, or occasionally white flowers, is native to the Mediterranean region,
mid Asia and northern Africa. Historically, chicory was grown by the ancient Egyptians

as a medicinal plant. Chicory is a fibre-rich plant with potential prebiotic capacity.

Chicory provides direct functional support to the digestive reactions in the body. Chicory
root increases the flow of bile, which supports digestion. Because extra bile helps break
down fats, chicory root may help optimize blood composition and is worth consideration
by anyone seeking to achieve optimal liver and gallbladder health. Furthermore, organic

chicory root contains inulin, a soluble fibre that feeds digestive flora in the intestines.

Figure 2.3.A. The plant (Top) and the tubers (Bottom) of Chicory plant (Cichorium intybus)



Figure 2.3.B.The plant (Top) and the tubers (Bottom) of Chicory plant (Cichorium intybus)

2.3.2. Biological value of Jerusalem artichoke and Chicory

Inulin is a naturally occurring storage polysaccharide present in numerous plants such as
Jerusalem artichoke (Judprasong et al. 2011) and chicory root (Mavumengwana 2004).
Jerusalem artichoke and Chicory are two plants rich in inulin in their underground parts.
Naturally-occurring plant fructans are found as storage carbohydrates in a variety of
vegetables including onions, garlic, asparagus and artichokes, in fruits such as bananas,
and in cereals (Van Loo et al. 1995). It is not digested or absorbed in the small intestine,
but is fermented in the colon by beneficial bacteria. Functioning as a prebiotic, inulin has
been associated with enhancing the gastrointestinal tract and the immune system. In
addition, it has been shown to increase the absorption of calcium and magnesium,
influence the formation of blood glucose, and reduce the levels of cholesterol and serum

lipids (Coudray et al. 1997) (Niness 1999).

Chemically, inulin is a linear poly disperse fructan (degree of polymerization, DP, 2—60
or higher) consisting of fructose molecules (F) linked by B (2-1) glycosidic bonds with a
terminal glucose molecule (G) connected to the last fructose with a a(1-2) bond (Figure
2.4). These linkages prevent inulin from being digested like a typical carbohydrate and
are responsible for its reduced caloric value and dietary fibre effects. Further, these
fructans are not hydrolyzed by the digestive enzymes in the small intestine; they reach the

colon unabsorbed and are utilized selectively as a substrate for the growth of beneficial



bacteria. Several inulin types occur in nature and they differ in the degree of
polymerization and molecular weight, depending on the source, the harvest time, and

processing conditions (Chiavaro et al. 2007) (Krivorotava and Jolanta 2014).

The optimum storage conditions of tubers of Jerusalem artichoke can be stored for (6 -
12) months at (0 - 2°C) and (90 - 95%) rate of humidity. Some cultivars are much more

susceptible to storage losses than others (Steinbauer 1932).
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Figure 2.4. Chemical structure of Inulin. (Source: Florianfisch 2006 From Wikimedia, Commons-

https://commons.wikimedia.org/wiki/File:Inulin_strukturformel.png)

The tubers of Jerusalem artichoke typically include about 80% water, 17% carbohydrate,
and 1 to 2% protein (Kays and Stephen 2008). The principal storage carbohydrate of
Jerusalem artichoke is inulin. Jerusalem artichoke tubers have inulin contents of >15% on
a fresh weight basis and >75% on a dry weight basis (Kays and Stephen 2008). Gaafar et
al. (2010) found that in their study the chemical composition of Jerusalem artichoke,
moisture, total carbohydrate, inulin, crude protein, crude fibre and ash were 6.36, 78.03,
72.99, 7.55, 6.51 and 5.72 g / 100 g, respectively. The greater part of carbohydrate that is

present in the Jerusalem artichoke present in inulin form.

The findings of determination of inulin in Jerusalem artichoke in the previous study
corresponded with other results, but some degree of differences was observed in the
levels of inulin. According to Lingyun et al. (2007) showed that the valuable source of

inulin can be 14-19% inulin in fresh weight of Jerusalem artichoke tubers, while
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Judprasong et al. (2011) showed that the tubers of Jerusalem artichoke contain 16-20%

inulin in fresh weight.

Also, Chicory inulin is believed to be a candidate for the prebiotic, which is relatively
cheap to manufacture and without any known toxicity (Barbara et al. 2007). The chicory
root is one of the most concentrated sources of inulin and oligofructose (Castellini et al.
2007), both of which are classified as prebiotics (Gibson et al. 2004). The root naturally
contains approximately 150-200 g/kg inulin and 80-120 g/kg oligofructose (Flickinger et
al. 2003). Chicory inulin is described to contain both fructans and oligofructose chains
with a degree of polymerization from 11 to 65 and 3 to 10, respectively (Macfarlane et al.

2006).

2.4. Effects of Prebiotics on Poultry

2.4.1. Performance Parameters

There are several reviews discussing the effect of prebiotics on poultry performance. A
growing body of scientific research supports the role of prebiotics as effective
alternatives to the use of AGP in animal nutrition (Patterson and Burkholder 2003) (
Pelicano et al. 2004). The gut microflora affects the digestion, absorption and the
metabolism of dietary carbohydrates, protein, lipids and minerals and the synthesis of
vitamins (Jin et al. 1997). Most of the volatile fatty acids formed by intestinal bacteria are
absorbed and metabolized by the host, contributing to host energy requirements.
Maintaining the balance of good gut health is a key aspect of ensuring the best bird
performance and health. If an imbalance in gut microbiota occurs, nutrient digestion and

absorption may be affected which, in turn, may affect bird health and performance.

Dizaji et al. (2013) showed that the dietary supplementation of Ross 308 broiler with
prebiotic (1 kg of ActiveMannanoligosaccharides /ton) had a significant (P<0.05)
increase on live body weight in prebiotic group compared with the control group at 42
days of experiment. Similarly, Mookiah et al. (2014) showed that use of prebiotic IMO
(Wako, Osaka, Japan) in poultry feed significantly (P<0.05) improved weight gain of

broiler chickens at 22-42 and 1-42 days of age, and feed conversion ratio from 1 to 21,
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22-42 and 1-42 days of age compared with control group. Addition of prebiotic to the

poultry diets has shown beneficial effects on growth performance of poultry.

2.4.2. Intestinal Microflora

Prebiotics which include non-digestible oligosaccharides may control or manipulate
microbial composition and/or activity, there by assisting to maintain a beneficial
microflora that suppresses through different regulatory mechanisms the growth of
pathogens (Gibson et al. 2004). Prebiotics in the intestinal tract causes the removal of
pathogenic bacteria that might attach to the surface of the epithelium cells inside of the
intestine (Newman 1994). Oyofo et al. (1989) showed that dietary prebiotic was
successful inhibition the intestine colonization of S. typhimurium. Studies on the effects
of inulin prebiotic found that foods containing Jerusalem artichoke inulin at the level of 5

g/d significantly increased Bifidobacterium spp. (Ramnani et al. 2010).

Oligofructose or inulin feeding can suppress infections of broilers artificially challenged
by salmonella or campylobacter (Van Leeuwen et al. 2005). In an experimental model of
necrotizing enterocolitis in quails, the inclusion of oligofructose inhibited the overgrowth
of bacteria implicated as pathogens and stimulated the activities of bifidobacteria, which

may play a protective role in that case (Catala et al. 1999).

Recently, Akoy (2015) demonstrated that broilers fed with prebiotic had an ability to
improve intestinal colonization via decrease E. coli and total aerobic bacteria count in the

ileum and caecum digesta than in the control group.

2.4.3. Cholesterol Content

Cholesterol is a critical fatty substance necessary for the proper function of every cell in
the body. Cholesterol is a structural component of cell membrane and plasma lipoproteins
and is important in the synthesis of steroid hormones and bile acids. Mostly synthesized
in the liver, some of it is absorbed through the diet, especially one high in saturated fats

(Jaeger and Hedegaard 2004).
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According to Yusrizal and Chen (2003), the slowly fermented inulin significantly
reduced serum cholesterol levels and deposition of fat tissue in broilers. While,
Yalcinkaya et al. (2008) reported that the use of Mannanoligosaccharides from
Saccharomyces cerevisiae in broilers diet could not significantly reduce the serum
cholesterol levels as compared with the control group. Also, Ashayerizadeh et al. (2011)
reported that prebiotic supplementation to the Ross 308 broiler diet at 42 days there was
no significant effect in serum cholesterol compared with the control being 3.77 and 4.15

mmol/L, respectively.

2.4.4. Meat Quality

In recent years, the high growth rate, and improvements in meat quality and properties of
carcasses have been beneficial to the poultry industry, especially in broiler production
and recently Japanese quail. Currently, an important research area is the use of prebiotics
as feed additive as an alternative to antibiotics. There are many reports concerning the
effect of using prebiotics on feed performance (Abdel-Raheem et al. 2012) (Banday and
Risam 2001) (Gunal et al. 2006), but carcass and meat quality of poultry have not been
studied.

Colour is an important quality attribute that influences consumer acceptance of many
food products, including poultry meat. Consumers will often reject products in which the
colour varies from the expected normal appearance. Consequently, colour is often used to

determine economic value of food (Qiao et al. 2001).



3. MATERIALS AND METHOD

The study was carried out at the Animal Farm Unit, Department of Animal Science/
Faculty of agriculture/ Bingol University in Turkey, to investigate the effect of two
different types of plants as a prebiotic at different concentration to investigate the health

benefit on Japanese quail (Coturnix japonica).

3.1. Source of Jerusalem Artichoke And Chicory as Perbiotics

Jerusalem artichoke tubers (Helianthus tuberosus L.) were obtained from the local market
in Qaladza, Kurdistan-Iraq. The tubers of Jerusalem artichoke were kept in plastic bags
and transferred to the laboratory. The tubers were cleaned with tap water to remove dust
and other undesirable materials. The cleaned tubers were cut into small pieces and
material was dried at 50 °C for 48 h and then ground to a powder and sealed in
polyethylene bags. The powdered of Jerusalem artichoke was stored at room temperature,
in a dry container to avoid moisture absorption, for further use as recommended by

(Lingyun et al. 2007).

Chicory commercially were obtained from online market of Herbal Health Naturally in
the United Kingdom as Chicory dried root and kept dried in a plastic bag then cut into

pieces and to powder. The powdered kept in dry container and room temperature.
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Figure 3.1. The machine that ground the small pieces of plant tubers to a powder

Figure 3.2. The powder of Jerusalem artichoke tubers (Top) and the powder of Chicory tubers (Bottom),
which used in this study
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3.2. Experimental Design And Treatments

Two hundred and twenty-five one day old Japanese quail were randomly divided into five

treatments, fifteen chicks per treatment with three replications.

All treatments were conducted under the same environment including lighting and
watering system in a cage house, which it is made by size 90cm x 45c¢cm x 25c¢m for each
replicate. All treatment groups are feeding same diets and rears in cage system for first
week after hatch. A commercial diet containing 2900 Kcal/kg and 22% CP was used
during the study. These diets were given to the quail’s ad libitum. Then, at first day in a
second week of age, supplementation dietary was provided as follows: and the project of

experiment is shown in Figure 3.3.

Therefore, quails were assigned to the following treatments:
T1= Control group basal Japanese quail diet (no additive)
T2= basal diet + 0.5% dried Jerusalem artichoke

T3=basal diet + 1% dried Jerusalem artichoke

T4= basal diet + 0.5% dried Chicory root

T5= basal diet + 1% dried Chicory root



16

Experimental design
225 one-day old chicks

Control T1 Jerusalem Jerusalem Chicory root Chicory root
(without artichoke 0.5% artichoke 1% 0.5% of diet T4 1% of diet TS
additive) of diet T2 of diet T3

| | | |
[ Characteristics studied ]
| ' |
f’:* Grow performance \ /‘3’ Color of meat
> Weekly and final live body % Blood serum cholesterol
weight % Gut microflora
» Weekly and final body weight > Lactobacillus sp.
gain » Total aerobic bacteria
» Weekly and accumulative feed > Total coliform bacteria

K intake j K

Figure 3.3. Layout of the feed experiment

Figure 3.3. Chicks House located at animal farm unit of Bingol University in Turkey, which used in this

study
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3.3. Preparing Feed

The commercial diet was used which containing 2900 kcal’kg and 23% CP to quail
chicks for 42 days.

3.4. Characteristics Studied

This study was conducted to investigate the effect of dietary Jerusalem artichoke and
chicory supplementation on the growth performance, level of blood serum cholesterol

and gut microflora of Japanese quail.

3.4.1. Live Body Weight (LBW) And Body Weight Gain (BWG)

At one week old and at the end of each week, birds were weighted by a digital balance.
The weight gain was calculated by using this equation:

Weight gain (g) = B.W at the end of the week - B.W at the beginning of the week.

3.4.2. Feed Intake (FI) And Feed Conversion Ratio (FCR)

Feed intake in each replicate was measured and recorded weekly and feed conversion

ratio was calculated by the following equation.

FI during a feeding period

Feed conversion ratio = : : : -
Weight gain during the same period

3.4.3. Carcass And Body Parts Weight

At the end of study four birds slaughtered, four birds per replicate (two male and two

female) and body parts were measured and recorded.

3.4.4. Colour of Meat

A LovibondRT Geries colorimeter (aperture size: 8 mm; light source: illuminant D65)

was used to assess the colour [CIE; lightness L*, redness a*, and yellowness b*] of breast
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muscles, where L* is the chrome associated to meat lightness, a* is the chrome that
ranges between greento red and b* is the chrome that ranges between blue and yellow,
according to the methodology proposed by (Pelicano et al. 2005). Standard calibration
with black and white tiles was used before measurements. Colour was measured at the
surface of male and female breast fillets in an area free from obvious colour defects
(bruises, blood spots, or surface discolorations). Meat colors were measured on three
birds per treatment and were taken in different position on each sample and the average

reading was recorded.

Figure 3.4. A Lovibond colorimeter for colour determination

3.4.5. Blood Serum Cholesterol

In the day 42 of age selected two males and two females from each replicate and
slaughtered with sanitized tools. In order to prevent clotting, blood was collected in
heparinized test tubes and centrifuged at 2,000 rpm for 10 minutes and then the serum
was separated, then stored at -20°C until transferred to central laboratory and assayed to

measuring by spectrophotometer and calculated serum cholesterol level by

Absorbance of test

Serum cholesterol level = X Concentration of Standard
Absorbance of standard
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3.4.6. Gut Microflora

At the end of experiment, three birds were selected from each treatment and ileum digesta
were aseptically collected to investigate the intestinal microorganisms. The ileum was
removed from the carcass under sterile conditions, and immediately transported to the
laboratory, Bingol University, Microbiology lab. One hundred milligram of each ileum
contents was mixed with 0.9 ml of sterile PBS (pH 7.0) and vortexed for 1 min to
homogenize. The homogenate was diluted serially from an initial 10-1 dilution to 10-7.
For each dilution 0.1 ml was subsequently plated onto sterile selective medium agar for
enumeration of target bacteria groups as following Nutrient agar (Sigma-Aldrich, UK) for
total aerobic bacteria, Man, Rogosa and Sharp agar for Lactobacillus spp. and

MacConkey agar (Sigma-Aldrich, UK) for total coliform bacteria.

Anaerobic media were incubated in an anaerobic jar with Anarogen (Fisher, England).
Man, Rogosa and Sharp agar medium was incubated anaerobically at 37°C for 48 hours.
Nutrient and MacConkey agar medium were incubated aerobically at 37°C for 48 hours.
The numbers of colonies were then counted to determine the colony forming units (CFU)

per gram of fresh ileum digesta using a Colony Counter (Gallenkamp, UK).

3.5. Statistical Analysis

Data obtained were statistically analyzed using one way analysis of variance SAS
software 2001 Statistical analyses. Differences among treatment groups were determined
by 1-way ANOVA, and means were separated by using Duncan’s multiple range test.
Treatments were performed in triplicate in each trial. All results were considered
significant differences at P < 0.05 level among the different parameters. Data are
presented as mean + standard error.

The following model was assumed:

Yij= ut+ Ti + Eij

Where: p is the overall mean, Ti is the treatment type, Eij is the random error term.



4. RESULTS

4.1. Live Body Weight And Weight Gain

Live body weight are presented in Table 4.1. There was no significant (P>0.05)
difference in initial body weight of Japanese quail among experimental treatments. Also,
there were no significant (P>0.05) differences in live body weight of birds among
experimental treatments at the first, second, third, fourth, five and six weeks of age,
except the male of Japanese quail at the third and fourth weeks of age. The body weight
of Japanese quail supplemented with 1% of Jerusalem artichoke as prebiotic was higher

than other groups at the end of experiment.

Table 4.2 shows the weekly and average weight gain of Japanese quail during the
experiment. There were no significant differences observed among all treatments in

weekly weight gain of Japanese quail chicks.

4.2. Feed Intake And Feed Conversion Ratio

Table 4.3 and 4.4 shows the weekly and average feed intake (FI) and feed conversion
ratio (FCR) of Japanese quail chicks during the experiment, respectively. The effect of
prebiotic supplementations were not significant (P>0.05) on Quail chickens weekly and
average feed intake and feed conversion ratio compared with the control group, except
the feed intake at second week and feed conversion ratio at second and five week of ages.
Also, there were no significant (P>0.05) differences in both types and both levelsof
prebiotic in feed intake and feed conversion ratio of Japanese quail. The Quail chicks in
Jerusalem artichoke at level 1% groups showed an improvement in final feed conversion

ratio compared to all the other the groups, but it is not significant (P>0.05).



Table 4.1. Effect of dietary prebiotics supplementation on weekly and final live body weight (g) of Japanese quail (Means= standard error)

Treatment
Time Gender P. value
T1 T2 T3 T4 T5
Initial week - 8.59+0.03 8.50+0.02 8.49+0.02 8.640.05 8.68+0.08 0.097
1%t week - 22.10+0.42 22.26+0.34 23.15+0.26 21.88+0.15 21.93+£0.45 0.139
2 week - 42.52+0.87 42.23+0.84 43.67+1.16 40.72+0.45 42.09+0.49 0.228
374 week Male 68.68+0.98 * 61.05£1.44® 69.97+2.74 66.83+1.80 2 70.67+2.72 0.049
3" week Female 71.11£3.70 71.12+1.63 73.49+5.19 69.40+£0.33 67.94+1.98 0.764
4™ week Male 107.77+1.87 * 97.05+1.80 ° 107.58+1.72°> | 104.93+3.84 b 114.95+3.15 @ 0.009
4™ week Female 109.30+5.64 108.47+1.88 114.28+8.30 113.65+1.32 107.51+2.20 0.781
5% week Male 140.84+2.50 133.64+1.35 143.00+2.81 140.52+4.42 145.63+3.16 0.145
5% week Female 148.4616.82 147.11%1.49 151.49£9.21 147.57+2.60 144.63+1.78 0.924
6" week Male 172.45+2.71 167.89+0.96 174.16+1.91 170.10+1.51 174.80+2.13 0.141
6" week Female 181.97+6.00 181.42+2.59 188.5249.76 180.25+3.17 182.25+2.38 0.843

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory and T5: 1% Chico *®°: means within each row had the

different subscript were differ significantly (P<0.05)

IC



Table 4.2. Effect of dietary prebiotics supplementation on weekly and final body weight gain (g) of Japanese quail (Means+ standard error)

Treatment
Time P. value
T1 T2 T3 T4 TS
15 week 13.50+0.44 13.91+0.37 14.72+0.24 13.24+0.10 13.24+0.50 0.077
2nd week 20.42+1.24 19.96+1.07 20.52+1.37 18.84+0.34 20.16+0.10 0.748
3rd week 27.92+3.03 24.88+1.16 28.22+4.12 27.78+0.40 27.15+0.71 0.857
4" week 38.57£1.72 36.73+0.55 39.85+2.39 39.42+2.42 39.47+0.19 0.719
5t week 36.74+1.35 36.98+1.11 36.90+2.28 36.88+0.33 36.64+0.72 0.999
6" week 32.56+2.75 34.47+0.08 34.7242.29 31.92+1.22 33.96+1.50 0.768
Final WG 169.7345.20 166.94+1.04 174.95+6.91 168.10+2.36 170.63+0.62 0.686

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory and T5: 1% Chicory

C



Table 4.3. Effect of dietary prebiotics supplementation on weekly and final feed intake (g) of Japanese quail (Means+ standard error)

Treatment
Time P. value
T1 T2 T3 T4 T5
1t week 13.89+0.92 12.53+0.17 12.55+0.26 11.56+0.27 11.86+0.50 0.064
2" week 45.59£2.26° 5531+1.42° 42.56+2.72° 39.18+3.13° 40.86+3.32° 0.011
37 week 86.65+6.99 99.74+4.90 87.92+5.69 88.72+10.23 106.40+7.10 0.283
4" week 120.20+5.64 133.61+8.88 105.33+4.28 114.74+10.02 136.61+£8.99 0.088
5% week 136.84+7.70 145.64+6.37 119.88+3.81 117.43+6.89 124.70+7.84 0.061
6" week 116.01+7.64 102.46+1.31 111.87+7.26 103.60+2.08 107.76+0.97 0.314
Final WG 519.18+16.84 549.31+15.19 480.11£5.61 475.24+28.17 528.21+25.18 0.103

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory and T5: 1% Chicory

134



Table 4.4. Effect of dietary prebiotics on weekly and final feed conversion ratio of Japanese quail (Means+ standard error)

Treatment
Time P. value
T1 T2 T3 T4 T5
1% week 1.03+0.07 0.91+0.02 0.86+0.03 0.87+0.01 0.89+0.05 0.147
2m week 2.22+0.07 ° 2.78+0.19 ® 2.09+£0.17 ° 2.08£0.17° 2.02+0.15° 0.039
3 week 3.1740.46 4.02+0.23 3.29+0.64 3.19+0.34 3.94+0.36 0.475
4t week 3.144+0.26 3.63£0.19 2.68+0.28 2.92+0.24 3.46+0.21 0.105
5% week 3.73+£0.22 @ 3.9440.13° 3.26+£0.14° 3.18+0.16° 3.39+0.16 0.038
6" week 3.6240.39 2.97+0.04 3.22+0.06 3.24+0.06 3.19+0.15 0.280
Final FCR 3.06+0.10 3.2940.07 2.75+0.10 2.83+0.18 3.09£0.15 0.074

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory and T5: 1% Chicory

vC
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4.3. Carcass Quality

Table 4.5 shows the effect of two different types with two levels of prebiotics onJapanese
quail chicks during the experiment. There was no significant (P<0.05) difference among
all treatments. While, the carcass weight of all dietary additive supplementations

mathematically was improved compared with control group, except the Chicory at 0.5%

level in male Quail chicks.

Table 4.5. Effect of dietary prebiotics on carcass quality of Japanese quail at the end of experiment

(Means+ standard error)

Birds Treatment Parameters
s LBW Carcass weight % Breast weight % Leg weight %
T1 174.66+4.25 69.70+1.19 44.20+2.21 26.95+0.90
T2 168.83+£3.92 71.39+1.67 45.8242.24 27.78+1.31
g T3 172.57£3.74 72.14+1.81 44.96+2.67 28.19+0.92
T4 170.80+1.00 69.23+2.29 44.94+1.75 27.32+1.16
T5 171.83+1.20 70.56+0.80 48.38+2.20 27.78+0.90
P. value 0.928 0.986 0.742 0.924
T1 192.6649.15 68.69+1.09 51.2142.78 28.94+1.90
T2 179.33+4.16 70.23+0.64 46.73+1.81 28.63+0.71
@
:E; T3 190.14+6.11 71.93+0.27 51.57+2.50 30.26+1.12
B T4 179.20+4.76 73.47+0.96 50.0243.53 27.99+0.87
T5 180.16+4.01 69.95+3.37 48.63£3.18 29.98+1.08
P. value 0.348 0.354 0.710 0.684

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory

and T5:

1% Chicory.

4.4. Color of Meat

Table 4.6 shows the colour meat of both sexes of Japanese quail at the end of the
experiment.The colour parameters lightness (L* value) of the male was increased

significantly in 1% of Jerusalem artichoke and female were increased in 1% of Jerusalem
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artichoke and 0.5% of Chicory supplementations compared with other groups. The colour
parameters redness (a* value) of the Female were not significant in all additives
supplementation compared with control group. While, the colour parameters redness (a*
value) of the male were increased in 0.5% of Chicory supplementations compared with
other groups.The colour parameters yellowness (b* value) of the male was increased in
1% of Jerusalem artichoke compared with other groups. While, the colour parameters
yellowness (b* value) of the femalewas increased in 1% of Jerusalem artichoke and 0.5%
of Chicory supplementations compared with other groups. Also, the colour parameter
lightness (L* value) of the female wasincreased in 1% of Jerusalem artichoke and 0.5%
of Chicory supplementations compared with 0,5% Jerusalem artichoke, 1% of

Chicoryand control group.

Table 4.6. Effect of dietary prebiotics on color of meat at 42 days of age of Japanese quail (Means+

standard error)

Birds Treatments L PaZimeters b*
Tl 4520+1.75° 15.48+0.86 *° 11.51£0.76 *°
T2 41.05+2.61° 13.27+1.36° 9.32+1.36°
Male T3 54.38+2.26 ¢ 13.09+0.75° 14.09+0.67 *
T4 45.94+1.12° 16.75+0.28 ° 11.11£1.42°
T5 42.84+2.76 ° 12.64+1.36° 8.97+1.04°
P. value 0.002 0.049 0.003
T1 46.47+1.11° 15.76£0.91 12.65+0.57 °
T2 38.09+1.33 ¢ 12.72+1.28 9.30+0.68 °
Female T3 57.12+1.18* 11.92+0.78 14.2840.36 °
T4 56.98+2.32* 14.39+1.12 14.39+0.86 °
TS 48.19+2.97° 12.69+0.99 12.34+1.10°
P. value <0.001 0.073 <0.001

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory
and T5: 1% Chicory.” ™ ©: means within each row had the different subscript were differ significantly

(P<0.05).
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4.5. Effect of Prebiotic on Gut Microflora

Table 4.7 shows the effects of both types of prebiotic on the microflora in the ileum
digesta of Japanese quail at 42 days of age. The results showed that there were no
significant (P>0.05) differences between all treatments for total aerobics, Lactobacilli and

total coliform at the end of the experiment.

Table 4.6. Effect of dietary prebiotics on bacterial counts (CFU x105/g) at 42 days of age in ileum digesta

of Japanese quail (Means+ standard error)

Treatments Microbes
Total aerobic Lactobacillus spp. Total Coliform
T1 73.83+3.49 82.66+8.75 53.33+3.58
T2 72.66+4.27 83.16+5.16 57.33+4.41
T3 79.33+6.10 87.66+5.98 60.33+6.24
T4 72.33+6.84 83.00+6.79 55.50+5.47
T5 80.50+4.32 84.66+2.40 58.16+4.63
P. value 0.690 0.977 0.883

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicoryand
T5: 1% Chicory.

4.6. Effect of Prebiotic on Cholesterol Content

Table 4.8 shows the cholesterol of both sexes of Japanese quail at the end of the
experiment.There was no significant (P>0.05) differences between all the additives
supplementation and compared with control group in both sexes for cholesterol content in

total serum.
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Table 4.7. Effect of dietary prebiotics on serum cholesterol at 42 days of age of Japanese quail (Means+

standard error)

Treatment Cholesterol content (mg/dl)
Male Female
T1 134.19+4.29 135.91+1.147
T2 130.17+5.73 133.044+3.991
T3 127.87+2.24 134.77+6.302
T4 133.91+4.02 133.90+7.732
T5 122.98+1.60 127.58+4.901
P. value 0.090 0.329

Treatments: T1: control, T2: 0.5% Jerusalem artichoke, T3: 1% Jerusalem artichoke, T4: 0.5% Chicory and
T5: 1% Chicory.



5. DISCUSSION

The aim of this study was to investigate the effect of two different types of prebiotic
supplementations, Jerusalem artichoke tuber (Helianthus tuberosus) and Chicory roots
(Cichorium intybus) on production performance and the gut microflora of Japanese quail.
There were no effects of the treatments on BW, but the body weight of Japanese quail
supplemented with 1% of Jerusalem artichoke as prebiotic was higher than other groups
at the end of experiment. This result agreed with the results of some researchers (Yusrizal
and Chen 2003) (Biggs et al. 2007) (Rehman et al. 2008) (and Velasco et al. 2010)
(Elrayeh and Yildiz 2012). While, others found that body weight significantly increased
by added prebiotic to the diet (Waldroup et al. 1993) (Williams et al. 2008)(and Rebole et
al. 2010).

Zhang et al. (2003) showed that prebiotic IMO enhanced growth performance of broiler
chickens during the initial 3 weeks, but no further effects were detected during the latter 4
weeks of the experiment. The results studied by Teshfam et al. (2011) who found that
adding 1600 g per ton of Fermacto as prebiotic to the diet of Japanese quail significantly
(P<0.05) higher body weight was observed compared to the control groups at 42 days of
age. Similar findings were reported by Mookiah et al. (2014) showed that use of
prebiotic IMO (Wako, Osaka, Japan) in poultry feed significantly (P<0.05) improved
body weight and weight gain of broiler chickens at 22-42 and 1-42 days of age compared

with control group.

In literature, the higher performance production observed in poultry fed both types of
prebiotic may be due to the fact that additives suppress pathogenic bacteria which lead to
improved health status and ultimately improved growth and overall performance. While,

in the present study the effects were not observed highly as described in literature.
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The results studied by Mookiah et al. (2014) showed that use of prebiotic IMO (Wako,
Osaka, Japan) in poultry feed significantly (P<0.05) improved feed conversion ratio
from1 to 21, 22-42 and 1-42 days of age compared with control group. While, Biggs et al.
(2007) reported that 4 or 8 g kg—1 of various prebiotic oligosaccharides (MOS, short-
chain FOS, oligofructose, transgalacto-oligosaccharide) had no significant effects on
growth performance of young broiler chickens. Similarly, Jung et al. (2008) also reported
that the oral administration of prebiotic GOS did not have any significant effect on broiler
growth, feed consumption and feed conversion ratio. Also, the results were agreed with
El-Abd (2016) who found that there was no significant (P<0.05) differences by feed
chicory and inulin over the course of the whole experiment compared with the control

group in broiler chickens.

The results were agreed with El-Abd (2016) who found that there was no significant
(P<0.05) differences by feed chicory and inulin over the course of the whole experiment

on the carcass characteristics compared with the control group in broiler chickens.

According to previous studies, chicory and Jerusalem artichokes are rich in inulin or
oligofructose which they are influencing quail performance. Ammerman et al. (1989)
reported that feeding male broilers a 0.375% level of oligofructose produced heavier
birds at 47 days and improved hot carcass weight percent and breast weight percent,
while fat pad percent was decreased. The study performed by Yusrizal and Chen (2003)
which showed that the addition of inulin and FOS at 10 g/kg of diet improved body and

carcass weights in female broiler chickens.

Colour is an important quality attribute that influences consumer acceptance of many
food products, including poultry meat. Consumers will often reject products in which the
colour varies from the expected normal appearance. Consequently, colour is often used to
determine economic value of food (Qiao et al. 2001). The variations in colour of meat
fillets were significant correlated with muscle pH and extremes in colour variations. Meat

may appear dark due to high muscle pH (Karaoglu et al. 2004).

In this experiment the additives supplementations were used which increased lactic acid

and this may decrease the pH value in the intestine which may be increasing the lightness
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(L* value) and yellowness (b* value). In this study, the pH was not measured, so no
conclusion can be made. Because, Lightness (L*) and yellowness (b*) were found to
correlate negatively to pH, whereas redness (a*) had a positive correlation (Salakova, et

al. 2009).

The population of the intestinal bacterial community can be changed by a variety of
factors, diet being one of them as it acts as a substrate for the indigenous intestinal
microflora (Rehman et al. 2007). Prebiotic can stimulate the growth of the intestinal
bacteria as well as alter the ratio of various SCFA (Rehman et al. 2008). Gut Flora
consists of a complex community of microorganisms that live in the digestive tracts of
animals. It is documented that dietary fructans influence the intestinal gut microflora of
Quail by increasing the population of Bifidobacterium spp., Lactobacillus spp. and
Eubacterium spp. while decreasing the concentration of Clostridium spp. and Escherichia
coli in the large intestine and caeca. Akoy (2015) reported additive of probiotic, prebiotic
and synbiotic supplementation increase the numbers of total anaerobic, Lactobacillus spp.
and Bifidobacterium spp. compared with control group at 17 and 35 days of age at the
same time the numbers of total aerobic bacteria and total coliform in all additives

supplementation are decreases in the ileum digesta.

Park and Park (2012) demonstrated that the growth of Bifidobacterium spp. and
Lactobacillus spp. in caecum was stimulated by adding inulin (Prebiotic) to the diet
compared with the control group, while the growth of E. coli and Salmonella was clearly
inhibited (P<0.05). Similarly, Rebole et al. (2010) showed that Bifidobacteria in broilers

caecum digesta in laying hens significantly increased after adding inulin to their diets.

The normal gut microflora in farm animals is important because of its effect on the
production of livestock and the quality and safety of livestock products. In poultry, the
caecal microflora can protect chickens against bacterial infection; a healthy microflora
present in the small intestine contributes significantly to small intestinal function,
including digestion and nutrient absorption (Gil De Los Santos et al. 2005) (Mountzouris

et al. 2007).
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Prebiotic related carbohydrates are not dissolved in the small intestine of birds and
reached the lower part of digestive system where it reduces the numbers of harmful
microorganisms E. coli and Salmonella and selectively promotes the growth of beneficial
microorganisms lactobacilli and bifidobacteria (Yusrizal and Chen 2003) (Park and Park
2011). One other reasons to reduce the number of pathogens, they could attached with the
prebiotics instead of attaching to intestinal epithelial cells and, therefore, move through

the intestine without colonization (Newman 1994).

Kaur and Gupta (2002) reported that the dietary fibre and confers a number of health
advantages, which it causes to decrease blood cholesterol level. Yusrizal and Chen (2003)
reported that adding inulin or oligofructose as prebiotic at the level of 1% reduced (p<O0.
05) serum cholesterol of broilers. Also, this result was disagreed with El-Abd (2016) who
found that cholesterol content was decreased by 3% and 6% of Jerusalem artichoke as
prebiotic supplementation compared with control group. This may due to inulin play a
role in modulation of liver enzymes. Similarly, they attributed this reduction to the
cholesterol assimilation to the Lactobacilli or to the co-precipitation of cholesterol with

deconjugated bile salts (Gilliland et al. 1985).

The effects of prebiotic on serum cholesterol concentrations are inconsistent among
previous studies. Some studies have shown that prebiotic exhibited lipid-lowering
properties which might be related to the changes in the intestinal bacterial flora
composition, which ferments prebiotics to produce short-chain fatty acids in the gut and
then causes a decrease in the systemic levels of blood lipids and cholesterol. Another
explanation to these inconsistent results might be because of the level of dose used and
the period of time administered as well as type of prebiotic (Angel et al. 2005) (Patterson
and Burkholder 2003).



6. CONCLUSIONS AND FUTURE WORK

Conclusion

Prebiotic can stimulate the growth of the intestinal bacteria as well as may effect on the
growth performance. The aim of this study was to investigate the influence of prebiotic
from Chicory and Jerusalem artichoke tubers (Helianthus tuberosus) on the growth
performance, ileum microflora and cholesterol content of Japanese quail chicks. No
significant differences were observed between both types of prebiotic treatments and
compared with control group for all parameters, except the breast meat colour at the end

of the experiment.

Future work

The main areas to be highlighted are:

1. The research is need to increase knowledge regarding the effect of various levels
of prebiotics to evaluate their effects on the growth performance, modulate the
composition of gut microflora and histology of small intestine.

2. There is some knowledge accumulated on the application of prebiotic in the small
intestine of poultry industry but this is still limited and the research should
continue. For example, little is known about the immunological response of the
chicken to prebiotics.

3. The research is needed to increase the level of prebiotic instead of 1% of
Jerusalem artichoke to show the effect of prebiotics on performance and gut

microflora.
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APPENDIX

Table A.1. Analysis of active compound in the tubers of Jerusalem artichoke (Helianthus tuberosus) by

GC-MS

Peak no. RT Area % Identified Compound
1 15.535 2.22 Dichloroacetic acid
2 16.936 7.35 Bicyclooct-2-ene
3 19.431 35.05 CYCLOHEXENE
4 19.992 3.65 1,9-Nonanediol
5 21.262 0.94 Oxalic acid
6 21.520 1.80 3-Cyclopentene-1-acetaldehyde
7 21.663 2.16 Octane
8 22.332 1.09 Undecane
9 22.550 9.25 TETRACOSANE
10 22.790 0.89 Oxirane
11 23912 1.18 1-Pentanol
12 24.015 3.86 Octane
13 24.278 0.80 DECANE
14 28.724 1.78 Dodecane
15 32.077 24.57 CYCLOHEXENE
16 37.644 1.62 PANASINSENE<BETA->
17 43.343 1.80 Furo pyridine

A\
‘*'J \

X
W |

cend
soco]

Figure A.1. Analysis of active compound in the tubers of Jerusalem artichoke by GC-MS



Table A.2. Analysis of active compound in the tubers of Chicory (Cichorium intybus) by GC-MS

Peak no. RT Area % Identified Compound
1 15.672 10.35 FURAN
2 18.058 3.69 BETA-PHELLANDRENE
3 19.431 69.55 3,7,7-TRIMETHYLBICYCLOHEPT-3-ENE
4 19.998 5.28 2-HEPTENE
5 22.349 2.28 Oxalic acid
6 22.544 4.10 Tetradecane
7 23.654 2.23 4-METHOXY-2-BUTYN-1-OL
8 23.912 2.53 Acetic acid
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Figure A.2. Analysis of active compound in the tubers of Jerusalem artichoke by GC-MS
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