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CHAPTER 1

General Introduction

Important components in animal feeds for maintenance, growth and reproduction

are energy and protein. At present the scarcity of conventional protein and energy

resources is largely responsible for the high price of livestock feed. The feed industry is

faced with a number of challenges, not only regarding the availability of feed

ingredients but also the ability to produce high quality products in a cost-effective

manner. There is therefore need to reduce the competition between human being and

livestock for the same feedstuffs by turning to unconventional feedstuffs in the short run

while plant breeders work towards obtaining high yielding varieties of crop which will

ensure adequate surplus and quality feed for livestock (Uchegbu, 2005). The poultry

industry has also become the predominant source of protein in the diet of the population

of most developed and developing countries. It had earlier been reported that future

expansion and sustenance of poultry industry depend on availability of grains above that

required for human consumption (Patrick and Schaible, 1980). Maize has been the most

commonly used conventional energy source of plant origin in feed formulation in

poultry. It is however, used as human food and for various industrial raw materials.

Substantial efforts have been made, in the past few decades, to replace cereals with
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other carbohydrate sources, such as sorghum (Rajasekher et al., 2000), lentils, cassava
tuber meal (Garcia and Dale, 1999), leucaena root meal (Bhatnagar et al., 1996) in
poultry feed. Among them cassava achieved a particular attention for its high
production yield and high content of starch. Therefore, it has been identified as a
possible replacement for grain in the diet of animals, if properly supplemented with
protein, minerals, and in some cases, essential vitamins.
1. Ecology of cassava plant

Cassava (Manihot esculenta, Crantz), variously designated as manioc, yucca, or
tapioca, is native to South America and Southern and Western Mexico. Cassava is a
tropical crop, a perennial shrub of the Euphorbiaceae family, distributed between
latitudes 30°N and 30°S. The ideal growth temperature range is 24-30°C but it can
tolerate temperatures ranging from 16 to 38°C (Alves, 2002). It was one of the first
crops to be domesticated, and there is archaeological evidence that it was grown in Peru
4,000 years ago and in Mexico 2,000 years ago (Okigbo, 1980). Htun (1990) reported
that cassava was introduced into Myanmar in the middle of the 19" century and was
first grown in the coastal and river delta regions of the country. Cassava is a starchy
staple whose roots are very rich in carbohydrates, a major source of energy. Coursey

and Haynes (1970) reported that cassava can produce 250 x 10° calories/ha/day



compared to 176 x 102 for rice, 110 x 10° for wheat, 200 x 10° for maize, and 114 x 10°
for sorghum. Although cassava roots are rich in calories, they are grossly deficient in
protein, fat and some of the minerals and vitamins (Okigbo, 1980). Cassava leaves are
much richer in protein than the roots, although the leaves contain a lower proportion of
methionine than the root protein. The levels of all other essential amino acids in leaf
protein exceed the FAO’s recommended reference patterns (Eggum, 1970; FAO, 1990).
2. Cyanide toxicity in cassava

Cassava is a widely grown root crop accumulates two cyanogenic glycosides,
linamarin and lotaustrain. Linamarin accounts for more than 80% of the cassava
cyanogenic glycoside (White et al., 1998). When plant cells are damaged by wilting,
frosting or stunting, the glycoside degrades to form free HCN. Thus, plants that contain
the glycoside have the potential to cause HCN toxicity when consumed by animals
(Stanton and Whittier, 2006). The major constraint in cassava roots as human food and
animal feed is the presence of toxic cyanogenic glycosides compounds in the tissues
(Bruijn, 1971). The range of total hydrocyanic acid potential (HCNp) content of
different varieties of cassava is 1-1550 mg/kg (fresh material), in the root parenchyma
and 900-2000 mg/kg in the root cortex (peel) (Nambisan and Sundaresan, 1985;

Cardoso et al., 2005). Cassava leaves contain 20-1860 mg/kg of HCNp contents



(Bradbury and Denton, 2011). The concentrations of cyanogens vary in different

varieties, between tissues in the same plant and even between compartments of the same

tissue (Bruijn, 1971).

The sign of cyanide poisoning include excitement, staggering, paralysis,

convulsions, coma and death (Burritt and Provenza, 2000). Lethal doses of HCNp in

mg/kg body weight were reported 3.7 for mouse and 2.0 for cattle and sheep (Conn,

1979). It was also suggested by Gomez (1991) that maximum concentration of HCNp in

animal feeds is 100 mg/kg on dry matter basis. It is therefore necessary to reduce their

levels in cassava leaves and tuber to a minimum before utilization as animal feed.

3. Utilization of cassava

In South America, cassava is used mainly for animal feed (about one-third)

followed by human consumption then starch production. In Asia, consumption of fresh

roots and exportation to the European Union for use in animal feed are important, but its

use for biofuel production is increasing (Jansson et al., 2009). Cassava leaves have good

potential as an animal feed in the tropics on the basis of their protein, amino acid and

mineral contents (Ravindran et al., 1982). Moreover, various parts of cassava plant,

including tubers, stems and leaves are used for animal feeding. The leaves may be used

as silage, dried for feed supplementation and as leaf meal for feed concentrates feeding.



The roots may be chipped and pelletized and used as feed. As the presence of HCNp

constitutes a major limitation to the use of cassava in animal feed, there is the need to

review current findings for the elimination of the toxic HCNp in cassava products and

also to examine the implications of feeding cassava and its products on livestock

production. Therefore, effective techniques for reducing the level of HCNp in both

cassava leaves and tuber are necessary as making the products safe for use as feed.

4. Methods for reducing cyanide

Cassava processing improves palatability, increases shelf-life, facilitates transport

and, most importantly, detoxifies cassava by removing cyanogens (Nyirenda et al.,

2011). Upon enzymatic hydrolysis during practical processing, HCNp is liberated from

linamarin and lotaustralin, rendering the dried product as a safe feed for all classes of

livestock and poultry. Some methods removed nearly all residual cyanogens (Nambisan

and Sundaresan, 1985) but many leave appreciable amounts behind (Cardoso et al.,

1998). Mlingi et al. (1992) stated that the residual glycosides in the products have been

incriminated for the toxicity associated with the continued ingestion of insufficiently

processed cassava and it may still causes some degree of deleterious effects on the

performance of animal. On the other hands, traditional detoxification methods do not

ensure the safety of cassava with high HCNp content of cassava varieties. It is therefore



clear that attempts made to reduce the HCNp content of cassava to safe levels by using

processing techniques alone are not successful. Hence, manipulation of the growing

conditions such as fertilizer application and harvesting management are also very

crucial to produce cassava varieties with low HCNp content, together with

detoxification processes, can yield a low toxicity product. Therefore, the purpose of this

study was to clarify the reduction in poisonous compounds of HCNp content and the

utilization of cassava leaves and tuber as feed for monogastric animals especially,

poultry. Therefore, the present study was undertaken with the following objectives:

1) To evaluate an effective processing technique to reduce HCNp content (Chapter 2

and 3);

2) To produce low cyanide cassava varieties for utilization as suitable cassava feed

(Chapter 4 and 5);

3) To clarify the safe utilization of cassava leaves and tuber as feed for poultry

(Chapter 6 and 7).



CHAPTER 2

Comparison of feed conditioning techniques to reduce cyanide contained in two

varieties of cassava tuber

Abstract

The effects of two processing methods (soaking and wilting) and three

processing periods (12 h, 24 h, 48 h) on the hydrocyanic acid potential (HCNp) of two

varieties of cassava tuber were evaluated. The HCNp content was significantly higher

(P<0.05) in the Red cassava compared with the White cassava. However, both

processing methods were equally effective in lowering the HCNp content in both of

Red and White cassava varieties. Moreover, results of this experiment showed that the

HCNp content of soaking method at 48 h processing period was significantly lower

than that of wilting in both cassava varieties. The reduction rate of HCNp contents

were increased with increase of processing time from 12 h to 48 h. The soaking

method produced 61.76-66.28% of HCNp reduction after 48 h in both cassava varieties.

Meanwhile, the wilting method gives 50.86-51.50% of HCNp reduction in both

cassava varieties. Therefore, the soaking method is efficient for reducing HCNp

content in both cassava varieties within two days.



Introduction

Cassava (Manihot esculenta, Crantz) is a staple food in most tropical regions,

and is grown over a range of climates and altitudes and on a wide variety of soils.

However, cassava tuber has certain drawbacks: its tissues contain toxic cyanogenic

compounds and it has a very low protein content and a very short shelf-life in fresh

form of 1-3 days (Rickard, 1985). Cassava varieties are often described as being bitter

or sweet by reference to the taste of fresh roots and this partly correlates with cyanogen

concentrations. Bitter varieties are associated with high concentrations of cyanogenic

glycosides (>100 mg/kg FM) (Chiwona-Karltun et al., 2004). Sweet varieties have a

high concentration of free sugars but it does not always follow that they have low

concentrations of cyanogenic glycoside (King and Bradbury, 1995). However, bitter

taste and high level of cyanogens can also be related to environmental stress conditions,

such as drought, low soil fertility and pest attack (Bruijn, 1971).

The cassava roots need to be processed if these negative aspects are to be

overcome, and experienced cassava producers are aware of different ways and methods

of processing cassava (Nyirenda et al., 2011). Processing methods used traditionally

are sun-drying, soaking and fermentation followed by roasting. In the humid tropics,

especially in the wet season, sun-drying in southern part of Myanmar is rather difficult



because in most cases the optimal sun-drying period coincides with the wet season
which limits sun-drying of forage material. In the case of sun-drying are difficult in the
rainy season, wilting under a roof and soaking promises to be a simpler and more
reliable procedure. Drying by artificial means is a costly process requiring substantial
investment and operational costs, and may not be a feasible idea under farm situations
in developing countries. Presently, there is limited information on the comparative
effects of these two methods on the HCNp content. The two processing methods,
soaking and wilting, were compared and the most optimal processing period for
reducing HCNp was chosen among these processing methods in two varieties of

cassava tuber in this study.

Materials and Methods
Cassava tubers of two local varieties were prepared for soaking and wilting
processes, respectively. From their physical appearance, one variety was named as
‘Red’, and the other was ‘White’. Those two varieties were planted in marl (pH 7.8)
soil in the experimental field of the University of the Ryukyus, Okinawa, Japan, in

2010. There was no fertilizer application at the time of planting.



1. Soaking method

Approximately 100 g of unpeeled cassava roots were washed and immersed in

distilled water in a clean plastic container. The temperature of all containers was

maintained at room temperature at 23°C. Each material was treated with 3 trial

treatments in both varieties with three replications. Samples were collected for

chemical analysis immediately at three occasions, 12, 24 and 48 h after soaking. The

reduction rate of HCNp contents was determined in both cassava varieties in this study.

2. Wilting method

Fresh cassava roots were washed and weighed for approximately 100 g in both of

cassava varieties. All cassava roots were spread out in the paper under the roof at 23°C

and left to wilt for 12, 24 and 48 h. Sampling was done the same procedure as

described in soaking method.

3. Chemical analysis

Dry matter (DM) content of experimental material was determined by oven

drying at 70°C to a constant weight. Determinations were made of crude protein (CP),

crude fiber (CF), ether extract (EE), and ash using the procedures described by AOAC

(1985). Cassava tubers were analyzed for the measurement of HCNp contents using

acid hydrolysis method (Bradbury et al., 1991; Haque and Bradbury, 2002).
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4. Statistical analysis

The statistical analyses of the data, obtained at each stage of the study were

performed using the SPSS 16.0 Software by ANOVA in accordance with the General

Linear Model. Differences among means with P<0.05 were accepted as representing

statistically significant difference.

Results

The chemical compositions of cassava tuber used in this experiment were shown

in Table 2.1. The HCNp content was significantly higher (P<0.05) in the Red cassava

compared with the White cassava. In this experiment, the HCNp content of cassava

roots were reduced with the time after soaking and wilting methods and it was

presented in Table 2.2. The HCNp contents were significantly decreased (P<0.05) at

48 h of processing periods in both methods. Moreover, the HCNp content in soaking

processing method was significantly (P<0.05) lower than that of wilting at 48 h in both

varieties. The HCNp contents in Red cassava variety were observed that 139.56 mg/kg,

126.69 mg/kg and 63.11 mg/kg at the 12, 24 and 48 h soaking periods, respectively. A

similar reduction of HCNp contents was observed in the White variety was 88.94

mg/kg, 80.24 mg/kg and 34.80 mg/kg in each soaking periods. The percentages of
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HCNp reduction in both processing methods of Red and White cassava varieties were
shown in Figure 2.1a and Figure 2.1b, respectively. The soaking method corresponds
to 61.76-66.28% of HCNp reduction after 48 h in Red and White cassava varieties.
Meanwhile, the wilting method corresponds to 50.86-51.50% of HCNp reduction in

both cassava varieties.

12



Table 2.1 Composition of Red and White cassava tuber before processing

Item Red cassava White cassava
HCNp (mg/kg DM) 165.04+6.50% 103.22+0.18"
Dry matter (%) 27.89+0.40 29.86+0.38
Crude protein (%) 3.44+0.16 3.41+0.64
Crude fiber (%) 2.57+0.74 2.54+0.69
Ether extract (%) 0.72+0.20 0.80+0.10
Ash (%) 3.81+1.07° 3.49+0.65°
Nitrogen free extract (%) 89.46+1.88 89.76+0.60

*P\/alues (mean + SD) with different superscript on the same row are
significantly different (P<0.05).
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Table 2.2 Effects of processing methods on the HCNp content of Red and White

cassava tuber
Processing ) o
time (h) Soaking Wilting
HCNp (mg/kg DM) 0 165.04+6.50" 165.04+6.50"
12 139.56+6.38"° 141.68+4.99°
24 126.69+5.52 101.35+7.72%°
Red cassava 48 63.11+6.04"" 80.04+6.58"
Reduction (%) 0 - -
12 15.43+3.86° 14.14+3.03¢
24 23.23+3.35%° 38.58+4.68%
48 61.76+3.66™ 51.50+3.99""
HCNp (mg/kg DM) 0 103.22+0.18" 103.22+0.18*
12 88.94+1.88° 88.77+5.33°
24 80.24+7.78¢ 66.81+8.11°
White cassava 48 34.80+2.40"" 50.72+4.70°*
Reduction (%) 0 - -
12 13.83+3.86° 14.00+3.03¢
24 22.25+3.35%° 35.27+4.68%
48 66.28+3.66" 50.86+3.99”"

ADvalues (mean + SD) with different superscript on the same column are significantly
different (P<0.05). * Values (mean + SD) with different superscript on the same row

are significantly different (P<0.05).
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Figure 2.1 The reduction rate of HCNp content as a function of soaking and
wilting time of Red cassava tuber (a) and White cassava tuber (b).
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Discussion

The initial HCNp contents of both Red and White cassava varieties were

different in this experiment. The HCNp content in both varieties used in this

experiment was range from 103.22 to 165.04 mg/kg and these values are large

differences between the HCNp content in cassava tuber reported by different

researchers. According to Kalenga Saka and Nyirenda (2012), the HCNp content in

cassava tuber was 1314.50 mg/kg in the peel and 306.50 mg/kg in parenchyma. These

variations could be explained by the fact that the content of HCNp in cassava tuber

depends on variety (Vetter, 2000). The results of this study show that increasing

soaking time could reduce HCNp content in cassava roots of both varieties. O’Brien et

al. (1992) reported that the characteristic of HCN is water soluble and volatile.

Furthermore, Nambisan and Sundaresan (1985) stated that cyanoglucoside in the tuber

is leached out into the water. The volume of water should be adequate for optimum

dissolution of cyanoglucoside. The highest loss of HCNp contents was observed at 48

h soaking period in both cassava varieties. Oyewole and Afolami (2001) described that

acid production during cassava fermentation has been attributed to the activities of the

lactic acid bacteria on the carbohydrate content of cassava root. Root softening during

soaking has been described to an increase in the activity of cell-wall degrading

16



enzymes (Ampe et al, 1995, Okolie and Ugochukwu, 1998). However,

Adebayo-Oyetoro et al. (2012) reported that the more the cassava stays in the water

during fermentation, the more the minerals are leached into the water thereby making

them to have reduced values of protein.

The present study found that wilting also had a pronounced effect on reducing

the HCNp content in both cassava varieties. This was confirmed with the statement of

Hang and Preston (2005) and Phengvichith and Ledin (2007) showed that wilting fresh

cassava foliage in a shed could reduce the HCNp content by 58% and 45%,

respectively. In this study, the HCNp contents were reduced by 50.86% and 51.50% in

both cassava varieties, when wilting in a shed for 48 h. It may be assumed that wilting

provided adequate time for the linamarase to act on the cyanoglucosides of cassava

root, thereby removing an appreciable amount of HCN from it (Nambisan and

Sundaresan, 1985). Although Red cassava variety had higher HCNp initially, there was

slightly uniform reduction in HCNp contents in the two cassava variety during soaking

and wilting processes. Ravindran (1992) reported that the destruction of cell wall

structures by different methods favors the intracellular reaction of linamarase with the

cyanogenic glucosides present in cassava, thus contributing to a rapid HCN elimination

from the material.
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Soaking cassava roots for up to 48 h reduced HCNp contents to minimal values

and the percentage of reduction being more pronounced than wilting process in both

cassava varieties. With regard to the reduction in HCNp content during the soaking

process, Cooke (1979) observed that soaking in water cause tissue cellular disruption

that results in comparatively greater susceptibility to the actions of bacteria, as

indicated by the fall in pH values, and the enzymes a-amalyse and endogenous

linamarase. Ogbo (2006) described that the fermentation processes took place in an

acid environment (6.9-3.4). Therefore, further study should be conducted to clarify the

fermentation process of cassava because the population and composition of the

microorganisms as well as the reduction of cyanogenic glycosides at various stages

need to be evaluated. This investigation highlighted the importance of soaking cassava

roots at least 48 h prior to utilization as feed for animals.

Conclusion

The results of this study showed that increasing soaking and wilting time could

reduce HCNp content, respectively. The mean reductions of HCNp in both varieties

were 64% (48 h) and 51% (48 h) for soaking and wilting processes, respectively. Root

soaking for unpeeled tuber showed more pronounced effect on HCNp reduction.
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CHAPTER 3

Effect of ensiling process and additive effects of fermented juice of epiphytic lactic

acid bacteria on the cyanide content of two varieties of cassava

Abstract

Two experiments were conducted to evaluate the effects of processing method

(silage making) on the hydrocyanic acid potential (HCNp) of two local varieties

cassava leaf (Experiment 1) and tuber (Experiment 2). The study also ascertained the

effects of fermented juice (leucaena leaves and napiergrass) of epiphytic lactic acid

bacteria (FJLB) as additives and their impact on the changes of HCNp content at

different duration (0, 2, 7 and 14 d) of ensiling. The reduction rate of the HCNp of

cassava leaves and tuber ensiled with FJLB additives were significantly higher

(P<0.05) than the control silage in both varieties. The reduction of HCNp in final

products of FJLB treated silages ranged from 18.54 to 82.30 mg/kg DM. The lowest

HCNp (Red cassava, P = 0.007 and White cassava, P = 0.0001) and the highest lactic

acid bacteria counts (Red cassava, P = 0.004 and White cassava, P = 0.002) were

observed after 14 d ensiling period in both varieties treated with leucaena FIJLB in the

second experiment. As indicated by the low HCNp level and high V-score value on 14
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d after ensiling period, it is concluded that, the addition of FJLB to cassava silages was
effective in optimum reduction of HCNp besides producing a good quality silage
within two weeks. Moreover, a negative correlation between HCNp reduction and pH

in of ensiled cassava was observed.

Introduction

Cassava farming populations have empirically developed several processing
methods for stabilizing cassava and reducing its toxicity (Balagopalan et al., 1988).
Physiological deterioration occurs in cassava roots, 2-5 days after harvesting followed
by microbial deterioration 3-5 days later (Ampe et al., 1994). Fermentation is a process
which transforms its low technology and energy requirement to a final product
(Daeschel et al., 1987). As demonstrated in the available literatures, ensiling could be a
suitable way for preserving cassava which leads to be efficient in utilization (Limon,
1991). One of the main problems encountered during ensiling of cassava is the release
of large quantities of silage effluent which leads to loss of essential nutrients and also
results in poor quality watery silage with very low shelf-life (Balagopalan, 2002).

Sugarcane molasses, a common feed ingredient in the tropics, already been

reported as a potential additive in cassava leaves silage (Man and Wiktorsson, 2001).
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The fermented juice of epiphytic lactic acid bacteria (FILB) was recommended as a

silage additive for improving the fermentative quality of tropical grass silage

(Bureenok et al., 2005 a,b). However, it appears that no information is available on the

utilization of the FILB additive in silage making process of cassava. Tamada et al.

(1999) also reported that the addition of this juice in napiergrass silage can improve

silage quality, similar to the use of commercial lactic acid bacteria (LAB) inoculant.

The species and the number of LAB vary considerably with plants, fields and season

(Cai et al., 1998). To perform lactic fermentation more surely, tropical forage plant

species such as leucaena (Leucaena leucocephala) and napiergrass (Pennisetum

purpureum), which the both species are growing naturally in tropical and subtropical

region, were used to make FJLB for this experiment. The influence of storage period

on the hydrocyanic acid potential (HCNp) content of cassava leaf and tuber silages was

of an additional interest. Therefore, the present study aimed at investigating the effects

of ensiling process on reduction of the HCNp content on the two local cassava varieties.

Two separate experiments were conducted using leaves (Experiment 1) and tuberous

roots (Experiment 2) of cassava.
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Materials and Methods

1. Plant materials

Leaves and tubers of two local varieties (Red and White) of cassava were

prepared for experiment 1 and experiment 2, respectively. Cassava was collected from

the field of the University of the Ryukyus, Okinawa.

Experiment 1. FJLB prepared by leucaena and napiergrass were used as an additive in

silage making, whose were prepared by incubating leucaena or napiergrass juice for 2

days prior to silage making. Each 167 g of leucaena and napiergrass were macerated

with 500 ml of distilled water using a blender. The macerate was then filtered through

a sterilized double layer of cheesecloth and the filtrate was put into a 500 ml flask.

Approximately 1% (w/v) of glucose was added into the filtrate, and was then shaken

well and kept in an incubator at 30°C for 2 days (Bureenok et al., 2005 a).

Cassava leaves of Red and White varieties were collected from the field

immediately prior to harvesting the tubers. The leaves with petioles were separated

from the stem and chopped into small pieces (1-2 cm). The chopped pieces were mixed

with leucaena-FJLB and napiergrass-FJILB (both at 1%, wi/v) while filling and the

materials were sealed with a vacuum packaging machine (Vacuum sealer, SQ 202,

Sharp Co. Ltd., Osaka, Japan). The control silage was added with an equivalent
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amount of distilled water 1% (v/w). Approximately 100 g of chopped cassava with

three replications for each treatment were ensiled in each bag. The silos were kept at

23°C and samples were taken on the 0, 2, 7 and 14 d after ensiling for chemical

analysis.

Experiment 2. The FJLB was prepared as described in experiment 1. Cassava tuber of

Red and White varieties were harvested in May, 2011. They were ensiled with leucaena

FILB 1% (w/v) or napiergrass FILB 1% (w/v), respectively. Three replicate pouches

were prepared for each treatment and all pouches were stored at 23°C and samples

were taken on the 0, 2, 7 and 14 d after ensiling for chemical analysis.

2. Chemical analysis

Dry matter (DM) content of silage was determined by oven drying at 70°C to a

constant weight. Determinations were made of CP, CF, EE, and ash using the

procedures described by AOAC (1985). The HCNp content was analyzed by using acid

hydrolysis method described by Bradbury et al. (1991) and Haque and Bradbury

(2002). The pH values of cassava silages were measured by using a pH meter (F-23;

Horiba Co. Ltd., Tokyo, Japan). The changes in the number of LAB during

fermentation were examined by using GYP-CaCOj; agar at 35°C for 3 d. Colonies were

counted as viable numbers of microorganisms, and are expressed as colony-forming
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unit per ml (logy cfu/ml) (Kozaki et al., 1992). Ammonia-nitrogen (NHs-N) was

analyzed by using a steam distillation technique (JGFFSA, 1994). The volatile fatty

acids (VFA) content was determined by using HPLC (Shim-pack SCR-102H, 300 mm

X 8.0 mm i.d; column temperature 40°C; flow rate 0.8 ml/min, Shimadzu Co. Ltd.,

Kyoto, Japan). V-score, which was used to assess the silage fermentation quality, was

calculated on the values of organic acids and NH3-N content as per JGFFSA (1994).

3. Statistical analysis

The statistical analyses of the data were performed using the General Linear

Model procedure of SPSS 16.0 Software. The means were separated using Duncan’s

Multiple Range Test by the same software.

Results

Experiment 1. The chemical composition of the cassava leaves before silage making

are shown in Table 3.1. The HCNp value was significantly (P<0.05) higher in the Red

cassava compared with the White cassava. The reduction in HCNp values were similar

to control on 2 d post-ensiling, but decreased significantly (P<0.05) in both leucaena-

and napier-FJLBs as the ensiling period increased, especially after 7 d of ensiling,

irrespective of the varieties (Table 3.2). In spite of the different cassava varieties used,
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similar mean reduction levels (74.67 and 72.33% for leucaena-FJLB and 79.00 and

77.67% for napier-FJLB) in HCNp values were observed on 14 d after ensiling with

FJLBs. In both cases, the corresponding reduction in HCNp in control silage was much

lower (P<0.05). According to the results of HCNp reduction level, no differences

(P<0.05) was apparent between the source of FJLB i.e. leucaena- and napier-FJLBs at

14 d ensiling period for both cassava varieties.

The fermentation characteristics of the Red and White cassava silages using

cassava leaves are presented in Tables 3.3 and 3.4, respectively. The overall pH values

of Red and White cassava leaf silages tended to decrease from 2 d to 14 d after ensiling.

A significant (P<0.05) effect of FJLBs addition on pH value was found on the 7 d and

14 d after ensiling in both cassava varieties, when compared to the respective control

values. Further, a pattern of a gradual decrease of pH was observed in both Red and

White cassava leaves silages accompanying the increasing rate of HCNp reduction

(Figure 3.1a and 3.1b).

The number of LAB (logso cfu/ml) was significantly higher (P<0.05) in both the

FJLB treatments than the control in both cassava varieties at 14 d post-ensiling.

Moreover, napier-FJLB had significantly (P<0.05) higher LAB counts than leucaena-

FJLB in case of White cassava (Table 3.4). The butyric acid contents at 14 d in the
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control silage were 9.36 and 6.70%, respectively, of Red and White cassava varieties;

but in case of the FJLB treated silages, butyric acid was not detected.

Experiment 2. The chemical composition of cassava tubers before silage making is

presented in Table 3.5. The HCNp value was significantly (P<0.05) higher in the Red

cassava compared with the White cassava. The HCNp values decreased significantly

(P<0.05) with the progression of ensiling period in both the varieties (Table 3.6). The

rate of reduction in HCNp because of ensiling of cassava tuber of both varieties was

somewhat similar. On 14 d post-ensiling, the HCNp content in FJLB-treated silages

were significantly lower (P<0.05) than the control in both varieties. The percent

reduction in HCNp in the FJLB-treated silages ranged from 76.67 to 84.33% across the

varieties. In case of Red cassava tuber, the percent reduction was higher (P<0.05) with

leucaena-FJLB than the control or napier-FJLB. However in case of White variety, the

reduction was higher in both leucaena- and napier-FJLB treatments as compared to the

control.

The fermentative quality data of Red and White cassava tuber silages are shown

in Tables 7 and 8, respectively. The decline in pH was gradual and reached the

minimum values at 14 d post-ensiling, irrespective of variety and additive use.

However, the drop in pH was significantly (P<0.05) higher in both the FJLB-treated
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silages than their respective control values, irrespective of the cassava varieties.

Similar to the results in Experiment 1, the pH level declination was correlated with the

increasing rate of HCNp reduction (Figure 3.2a and 3.2Db).

The LAB counts in FJLB-treated silages were significantly (P<0.05) higher than

the control on 14 d post-ensiling of cassava tuber in both the varieties; however, the

leucaena-FJLB treated silages showed higher (P<0.05) LAB counts than the

napier-FJLB in both the varieties. Butyric and propionic acids were not detected in any

of the silages. The content of NH3-N was significantly lower (P<0.05) on the 14 d than

2 d and 7 d post-ensiling in both cassava varieties. Further, there was no effects of

addition of the two FJLBs on the NHs-N levels. A significantly (P<0.05) higher

V-score value with FJLB treatment was evident than the control in White cassava with

no such variations apparent in case of the Red variety.

27



Table 3.1 Chemical composition of Red and White cassava leaves before silage making

Item Red cassava White cassava
HCNp (mg/kg DM) 325.25+9.02° 268.46+6.60"
Dry matter (%) 26.48+0.40" 27.78+0.38"
Crude protein (% DM) 10.46+0.16° 12.28+0.64°
Crude fiber (% DM) 15.60+0.74% 13.75+0.69"
Ether extract (% DM) 4.50+0.20° 4.10+0.10°
Ash (% DM) 9.47+1.07° 11.47+0.65%
Nitrogen free extract (% DM) 59.61+1.88 58.39+0.60

*P\/alues (mean + SD) with different superscript on the same row are significantly
different (P<0.05).

28



Table 3.2 Effects of addition of FJLB prepared with leucaena or napiergrass on the

HCNp content of Red and White cassava leaves silage

Days Silage additive
post-ensiling Control Leucaena- Napier-
FILB FILB
Red cassava
HCNp (mg/kg DM) 2 224.45+554*  219.11+4.49%  206.55+6.03"
7 185.774#8.71%*  150.7945.39%"  152.68+5.39%°
14 154.97+8.24° 82.30+5.74%°  68.906.19°
Reduction (%) 2 31.00+1.70° 32.67+1.38° 36.33+2.30°
7 42.67+3.05%° 50.67+1.66%*  52.67+1.66
14 52.67+2.51"° 74.67+1.52"°  79.00+2.00%
White cassava
HCNp (mg/kg DM) 2 193.82+6.27"  189.63+8.69"  189.62+2.61"
7 165.70£2.07%*  152.54+7.16%®  140.27+2.75%°
14 135.62+8.57° 73.96£7.35°"  59.58+2.53%
Reduction (%) 2 27.67+2.08° 29.33+3.05° 29.00+1.00°
7 38.33£1.15%° 43.33+2.88%"  47.67+1.02%
14 49.33+3.217° 72.33+251%°  77.67+1.15"

ACValues (mean + SD) with different superscript on the same column are significantly
different (P<0.05). *“Values (mean + SD) with different superscript on the same row

are significantly different (P<0.05).
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Table 3.3 Effects of addition of FJLB prepared with leucaena or napiergrass on the

quality of Red cassava leaves silage

| Days Silage additive
tem
post-ensiling Control Leucaena- Napier-
FILB FILB
pH 2 6.17+0.07* 5.58+0.27* 5.58+0.51*
7 5.67+0.01% 4.82+0.25°° 4.95+0.24"°
14 5.38+0.17% 4.14+0.14°° 4.56+0.13°
Lactic acid bacteria 2 3.53+0.68 4.93+0.29° 4.15+1.00°8
(logyo cfu/ml) 7 4.45+0.39" 6.43+0.58" 6.04+1.024%
14 4.42+0.10° 7.42+0.13" 6.94+0.83"
Lactic acid 2 1.02+0.70° 1.59+0.077° 2.80+0.46"2
0 .08=0. .46%0. (4%0.
(% DM) 7 1.08+0.06° 1.48+0.05"° 1.74+0.09°
14 1.00+0.29 1.22+0.028 1.57+0.48°
Acetic acid 2 2.24+1.48" 0.99+0.718 2.17+0.27°
(% DM) 7 2.91+0.49° 2.17+1.70° 2.96+0.28°
14 4.94+0.70" 4.88+0.74* 3.52+0.06"
Propionic acid 2 ND ND ND
(% DM) 7 0.81+0.18" ND ND
14 17.89+1.29" 0.63+0.01° 0.62+0.02°
Butyric acid 2 ND ND ND
0
(% DM) 7 ND ND ND
14 9.36+0.61 ND ND
NH3-N 2 14.90+1.18" 13.60+3.80 12.51+3.61
(% TN) 7 14.33+1.06"*  12.68+1.25% 11.00%1.65"
14 11.34+1.10%%  9.69+0.55% 8.72+1.41°
V-score 2 96.92+3.04" 99.13+1.47" 96.93+0.62"
7 94.02+0.66" 97.09+3.40" 95.56+0.49°
14 50.00+23.09%°  90.67+0.96% 93.04+0.16%

Ammonia-nitrogen (% total nitrogen). ““Values (mean +
superscript on the same column are significantly different (P<0.05). *“Values (mean +
SD) with different superscript on the same row are significantly different (P<0.05).

ND: Not detected
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Table 3.4 Effects of addition of FJLB prepared with leucaena or napiergrass on the

quality of White cassava leaves silage

| Days Silage additive
tem
post-ensiling Control Leucaena- Napier-
FILB FILB
pH 2 5.60+0.07" 4.54+0.117° 5.06+0.45%
7 5.17+0.095 4.38+0.31"° 4.33+0.27%°
14 4.84+0.15% 3.77+0.08%° 3.80+0.04%°
Lactic acid bacteria 2 3.97+0.85 4.23+0.58° 4.60+0.17°
(logyo cfu/ml) 7 4.01+0.41° 5.88+0.25" 5.26+1.105%
14 3.67+0.57° 6.23+0.40"° 7.60+0.43"
Lactic acid 2 1.15+0.37 1.35+0.13" 1.63+0.38
(% DM) 7 1.04+0.24° 1.50+0.117 1.70+0.25°
14 1.07+0.04° 1.07+0.05%° 1.29+0.06°
Acetic acid 2 4.18+0.43° 2.64+0.31° 1.21+0.01B¢
(% DM) 7 4.52+0.45° 4.06+1.12° 2.28+0.12%°
14 4.57+0.05° 4.00+0.34° 2.83+0.50"°
Propionic acid 2 1.42+0.98°% ND ND
(% DM) 7 2.38+0.17% 0.68+0.20%° ND
14 3.79+0.68" 1.55+0.14"° 0.38+0.01°
Butyric acid 2 ND ND ND
(% DM) 7 4.90+2.71 ND ND
14 6.70+0.11 ND ND
NH,-N 2 14.79+2.08" 13.96+1.274 12.07+1.76"
(% TN) 7 13.32+0.42"%  11.86+1.03*" 12.51+0.474%
14 11.73+0.83%%  9.06+0.82%° 8.50+0.40%°
V-score 2 90.48+0.83"° 96.02+0.67° 98.97+0.03"
7 50.00+0.00%°  92.21+2.02% 96.84+0.17%
14 50.00+0.00°° 90.28+0.49°%° 94.86+1.01¢

Ammonia-nitrogen (% total nitrogen). ““Values (mean + SD) with different
superscript on the same column are significantly different (P<0.05). *“Values (mean +
SD) with different superscript on the same row are significantly different (P<0.05).

ND: Not detected
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Table 3.5 Chemical composition of Red and White cassava tuber before silage making

Item Red cassava White cassava
HCNp (mg/kg DM) 185.14+20.4° 116.94+12.11°
Dry matter (%) 28.87+0.91 30.50+2.23
Crude protein (% DM) 3.42+0.04° 3.12+0.01°
Crude fiber (% DM) 2.56+0.21 2.41+0.22
Ether extract (% DM) 0.73+0.01 0.81+0.04
Ash (% DM) 3.80+0.10% 3.48+0.09"
Nitrogen free extract (% DM) 89.49+0.19° 90.18+0.30%

“by/alues (mean + SD) with different superscript on the same row are
significantly different (P<0.05).
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Table 3.6 Effects of addition of FILB prepared with leucaena and napiergrass on the

HCNp content of Red and White cassava tuber silage

Days Silage additive
post-ensiling Control Leucaena- Napier-
FILB FILB
Red cassava
HCNp (mg/kg DM) 2 124.2143.77"  117.23+6.09"  122.94+2.92"
7 83.17+2.90° 75.89+552°  82.00+4.53°
14 48.44+8.53%  25.13%2.26°  32.43+4.94°
Reduction (%) 2 30.67+3.51° 32.00+2.00¢  31.33+3.51°
7 52.33+1.57° 55.33+3.78°  53.33+2.44°
14 70.33+7.76"°  84.33£2.30"  80.00+2.64"*
White cassava
HCNp (mg/kg DM) 2 78.89+6.31* 77.37£3.60"  78.56+6.89"
7 53.73+4.40%  46.13+2.81°  48.50+2.425%®
14 30.87+0.80%  18.54+1.49°°  24.86+1.61°
Reduction (%) 2 31.68+3.05° 33.00+2.64°  32.33+2.08°
7 52.33+1.52%"  58.33+1.15%  5567+3.055®
14 71.67+0.58"°  83.00£2.00"  76.67+0.59"°

ACvalues (mean + SD) with different superscript on the same column are significantly
different (P<0.05). *“*Values (mean *+ SD) with different superscript on the same row

are significantly different (P<0.05).
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Table 3.7 Effects of addition of FILB prepared with leucaena and napiergrass on the

quality’ of Red cassava tuber silage

| Days Silage additive
tem
post-ensiling Control Leucaena- Napier-
FILB FILB
pH 2 4.60+0.00" 4.56+0.04" 4.37+0.047°
7 4.11+0.01%° 4.18+0.02° 4.09+0.01°°
14 4.00+0.02% 3.87+0.05%° 3.90+0.08%%
Lactic acid bacteria 2 3.10+0.17%° 4.87+0.75% 5.21+0.495
(logyo cfu/ml) 7 4.46+0.36"%  5.91+0.14% 5.360.33"%
14 5.55+0.41"° 7.98+0.77"° 6.30+0.30"°
Lactic acid 2 2.96+0.11° 3.73+0.778 3.43+0.19°
(% DM) 7 4.62+0.29" 4.64+0.86"° 4.86+0.22"
14 4.94+0.72°%® 5.52+0.50"2 4.34+0.18°°
Acetic acid 2 1.07+0.13" 0.97+0.09 1.14+0.04"®
(% DM) 7 1.28+0.04" 1.05+0.16" 1.27+0.07"
14 1.23+0.07"8 1.17+0.05 1.08+0.02°8
NH3-N 2 13.53+1.714 13.69+0.98" 13.88+0.994
(% TN) 7 13.01+0.25"  12.80+1.16" 13.00+1.56
14 7.80+0.85° 7.20+0.97° 6.97+0.21°
V-score 2 98.96+0.25 98.90+0.23 98.79+0.14
7 98.60+0.11 98.60+0.10 08.88+0.40
14 98.35+0.13 99.00+0.20 98.40+0.06

Ammonia-nitrogen (% total nitrogen). ““Values (mean * SD) with different
superscript on the same column are significantly different (P<0.05). *“Values (mean +
SD) with different superscript on the same row are significantly different (P<0.05).

‘Concentrations of propionic acid and butyric acid were non-detectable
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Table 3.8 Effects of addition of FILB prepared with leucaena and napiergrass on the

quality’ of White cassava tuber silage

| Days Silage additive
tem
post-ensiling Control Leucaena- Napier-
FILB FJLB
pH 2 4.53+0.05" 4.55+0.08" 4.47+0.03"
7 4.16+0.01% 4.03+0.038° 4.00+0.01°°
14 4.02+0.03% 3.84+0.06%° 3.89+0.05%°
Lactic acid bacteria 2 3.16+0.28%° 4.77+0.68“® 4.43+0.51°%®
(logyo cfu/ml) 7 4.17+0.08%° 5.83+1.19% 5.61+0.415%
14 5.38+0.29"° 7.85+0.52" 6.62+0.53"°
Lactic acid 2 3.47+0.47° 4.67+1.10 3.70+0.95°
(% DM) 7 4.93+1.25"° 5.50+0.17 5.03+0.15*
14 5.40+0.174 5.83+0.50 5.37+0.46"
Acetic acid 2 1.23+0.17 1.01+0.11 1.02+0.17
(% DM) 7 1.30+0.45 1.05+0.07 1.23+0.18
14 1.30+0.02° 1.11+0.06" 1.04+0.09"
NH,-N 2 16.32+1.60" 14.58+0.81" 14.54+2 574
(% TN) 7 15.18+2.36"  13.85+1.97* 13.75+1.07*
14 8.87+0.54° 8.17+0.39°% 8.05+1.83"
V-score 2 98.76+0.56 98.90+0.28 98.40+0.32
7 98.61+0.80 98.60+0.34 99.09+0.05
14 98.41+0.06° 99.00+0.03° 98.88+0.09°

Ammonia-nitrogen (% total nitrogen). ““Values (mean * SD) with different
superscript on the same column are significantly different (P<0.05). *“Values (mean +
SD) with different superscript on the same row are significantly different (P<0.05).

‘Concentrations of propionic acid and butyric acid were non-detectable
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Figure 3.1. Reduction rate of HCNp content with the declination of pH value in Red
cassava leaves (a) and White cassava leaves (b) silage.
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Figure 2.2. Reduction rate of HCNp content with the declination of pH value in Red
cassava tuber (a) and White cassava tuber (b) silage.
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Discussion

Although cassava leaves are rich in protein compared with cassava tuber, factors

such as high crude fiber may limit its nutritive value for monogastric animals

(Ravindran, 1991). The present results concerning CP content of cassava tuber are in

agreement with those of Emmanuel et al. (2012) whose investigation of six cassava

varieties reported CP values ranging from 1.2 to 3.5%. In the present study, there was

quite a variation in HCNp values between Red and White cassava varieties in both the

experiments. In literature, the ranges of HCNp content of different varieties of cassava

varies from 1 to 1550 mg/kg (Cardoso et al., 2005). The variation observed in HCNp

content of cassava has been attributed to genetic, physiological, edaphic and climatic

differences (Gomez and Valdivieso, 1985). In the present study, the environmental

conditions such as the soil, fertilization and climate were equal, thus it is probable that

the major factor causing variations in HCNp contents was of genetic-origin.

Over 70% elimination of the HCNp was observed in the final products of

FJLB-treated silages in both the experiments. The fermentation must be thus a

detoxification process which probably was caused due to the cyanide-degrading

activities of fermenting microorganisms. During the ensiling process, chopping during

the preparation before sampling, pressing and the initial environment of the aerobic
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phase resulted in good conditions for reducing the HCNp content. The additive effect
of napier-FJLB on the HCNp reduction were more pronounced in cassava leaves while
leucaena-FJLB was more effective in reducing HCNp in cassava tubers. It is thus
possible that the additive effects of FJILB depend on the nutrient composition of the
parent material used for silage making such as leaves and tubers of cassava in this
experiment. Therefore, it could be inferred that the additive effect of FILB will very
depending not only on the kind of forage used for FIJLB treatment but also on the parts
of cassava used in silage making. Woolford (1984) also reported that the bacterial flora
of living plant materials is different from that of harvested plants and fermented
products.

Similar to our observation, a reduction of pH from 7.1 to 3.5-4.0 after 7-21 days
of ensiling was observed by Hang (1998), in which sugarcane molasses or rice bran
was used as an additive for ensiling cassava leaves. The decrease in pH during
fermentation of cassava tuber resulted from the production of lactic acids by LAB,
which constituted the dominant microflora (Kobawila, 2005). Therefore, Lin et al.
(1992) also reported that the LAB should be applied at a higher rate than the existing
epiphytic bacterial population on the crop, which will encourage early lactic acid

production and increase the rate of pH decline. Moreover, Vasconcelos et al. (1990)
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reported that hydrolysis of cyanogenic glucosides takes place in acid environment (pH

3.8) during lactic fermentation as well as in basic environment (pH 8.5) during alkaline

fermentation of the cassava.

Considering the pattern of LAB count, it was clearly evident that it increased

with the extension of the ensiling period. This confirmed the report of Brauman et al.

(1996) which explained that the fermentation of LAB in cassava began on the first 2 d

of fermentation, and then increased rapidly and remained stable until the 14 d.

According to the results of present experiments (1 and 2), the low HCNp contents were

observed together with high LAB counts on 14 d post-ensiling with FJLBs as additive,

in both varieties of cassava. It is well established that LAB play an important role in

silage fermentation. Epiphytic micro-flora present on forage crops is responsible for

silage fermentation and influenced silage quality (Lin et al., 1992; Cai et al., 1998).

Kobawila et al. (2005) also reported that many strains of LAB possess linamarase

activity and eliminate cyanogenic glucosides by the action of the bacterial enzymes.

The linamarase produced by the cassava LAB, notably Leuconostoc mesenteroides and

Lactococcus lactis, and the endogenous linamarase contribute to the process of

detoxification. Thus increase amount of the enzyme will quicken the process of

degradation of cyanogenic glucoside and liberation of cyanide (Ahaotu et al., 2013).
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Although FJLBs contain many kinds of LAB, further research may be needed to

identify the actual effective species of LAB, and to clarify the mechanism of bacteria

for reducing the HCNp content in cassava.

In Experiment 1, the pH value of the control silage did not decline to <4.5 and it

led to the butyric fermentation (Cai et al., 1998). On the other hand, butyric acid

content of the silage without FJLB additives was 6-9% in cassava leaves silage.

McDonald (1991) stated that silages containing more than 10% butyric acid are poorly

preserved. The higher percentage of acetic acid than lactic acid was observed in the

cassava leaves silage. The concomitant production of lactic acid and acetic acid

increases the aerobic stability due to the inhibition of spoilage organisms (Danner et al.,

2003). Moreover, Lindgren et al. (1990) reported that when the fresh material had low

level of water soluble carbohydrate content or even no more available carbohydrate,

LAB were able to utilize lactic acid and produce more acetic acid. The NH3-N works

as an important indicator of proteolytic activity during the fermentation process. The

NH3-N concentrations must not be higher than 11-12% of total nitrogen in

well-preserved silages (Carpintero et al., 1969). Therefore, FJLB treatment of silage

for 14 d can be considered excellent.
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Conclusion

The results of this study showed that an increase of ensiling period could help

better reduction of the HCNp. The results of both the experiments thus confirmed that

using FJLB as additive to cassava silage would be one of the ways to reduce the HCNp

content and also to increase the number of LAB in the finished product. It is suggested

to use FJLB at the level of 1% (w/v) in the preparation of cassava silage to reduce

HCNp content. According to the results of both experiments, this study also revealed

that there is a negative correlation between pH decline and the rate HCNp reduction.

These results demonstrate that low-cyanide cassava, which is safe to use as animal feed,

could be produced by lactic acid fermentation using FJLB additive.
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CHAPTER 4

Strategies for reducing of cyanogens in cassava and improving foliage and tuber

yield by fertilizing

Abstract

The experiment was conducted to determine the effect of different fertilization
rates on the chemical composition and yielding of cassava (foliage and tuber), in a one
year experiment carried out in Okinawa, Japan. Treatments included nine rates each of
nitrogen (N) and potassium (K) combination replicated thrice (N: 0, 50, 100; K: 0, 100,
250) in a complete randomized design. The suitable rates of fertilization were observed
more pronounced effect on hydrocyanic acid potential (HCNp) reduction than the
control treatment without N-K fertilizer application. The minimum HCNp values of
foliage and tuber were obtained in F4 (N50-K100) and F5 (N50-K250) fertilization,
although, there was no significant (P>0.05) different between them. The significantly
highest (P<0.05) foliage and tuber yield were also observed in F4 and F5 fertilization
treatments. The control plot produced lower crude protein (CP) content compared with
other plots. In this study, N at 50 and K between 100 and 250 fertilization rates gave

the higher cassava foliage and tuber yield with lower HCNp content than control was
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observed. Thus, the F4 (N50-K100) was recommended for the optimum economical

dose for the purpose of lower HCNp content of cassava for safe utilization.

Introduction

Cassava (Manihot esculenta, Crantz) is annual tuber crop grown widely in the

tropical regions of the world. It is the fourth food crop after rice, wheat and maize on

the list of major food crops in the developing countries (Cock, 1985). Focussing on the

root production, many new high yielding varieties of cassava have been introduced, of

which many have a high hydrocyanic acid potential (HCNp) content (Kim, 1999), and

this leaf toxicity is a limiting factor in using a high level of cassava leaf in monogastric

animals diets.

To achieve the yield potential of cassava, good soil fertility and adequate

fertilization are essential (Gomez et al., 1980). The major nutrients required by cassava

for optimum top growth and tuber yields are nitrogen (N) and potassium (K). Cassava

plant is well adapted to low levels of available phosphorus (P) but requires fairly high

levels of N and K, especially when grown for many years on the same plot or

continuously cultivated plots (Ayoola and Makinde, 2007). Adequate K levels in soil

stimulate response to N fertilizers but excess amount of both nutrients leads to
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luxuriant growth at the expense of tuber formation (Onwueme and Charles, 1994).

Many researchers reported that application of K increases starch content and decreases

HCNp level (Obigbesan, 1973; Howler, 1985). On the other hand, application of

increases N level, progressively increase the HCNp content (Sher et al., 2012). Hence,

the need to upgrade the existing fertilizer recommendations in the sustainable cassava

production is imperative. However, suitable fertilizer use with minimum polluting

effects on the environment should be the major rule. For most crops, the best fertilizer

types, rates and time of application were not known and this constituted a major

constraint to fertilizer use in the country (Sarfo et al., 1998). Several studies have

documented the proximate composition, amino acid profile (Rogers and Milner, 1963),

and mineral content of cassava foliage (Ravindran et al., 1982), but in none was the

HCNp content elucidated in relation to the different rates of fertilizer (N-K). There are

few published reports that focus on agronomic management or cultivation practices for

optimizing cassava foliage together with tuber production. Therefore, the objectives of

the present study were to evaluate the HCNp and CP contents under nine rates of

fertilizers and establish the yielding of foliage and tuber of cassava.
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Materials and Methods

The experiment was carried out from July 2011 to Jun 2012 in the experimental

field of the University of the Ryukyus, Okinawa, Japan. Figure 4.1 showed the climate

data of experimental period which were obtained from Japan Meteorological Agency.

Pre-treatment soil samples for soil analysis were taken before land preparation and

fertilizer treatment. The soil fertility status before the commencement of experiment

was shown in Table 4.1. The type of soil in the experimental area is gray soil (local

named Jagaru).

The variety of cassava used in this experiment was a local variety called Red

cassava, due to the red colour of the petiole. Old cassava stems, which were obtained

after cutting into about 20 cm were planted in continuous rows with 50 cm between

rows, 90 cm between stalks in the same row. Three levels of nitrogen and potassium

fertilization (N-K,O) were applied at three nitrogen rates of 0, 50 and 100 kg per

hectare and three potassium rates of 0, 100 and 250 per hectare, composing a 3 x 3

factorial arrangement, were applied as a basal fertilizer. Single super phosphate (P,0s)

was applied as a uniform rate 50 kg/ha for all treatments. This fertilizer was applied at

the time of first leaf appeared from cassava stand at one month after planting. Tubers

were harvested at the age of 12 month and their weights taken per stand to determine
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the yielding of cassava foliage and tuber.

1. Chemical analysis

The total N was determined using micro-Kjeldahl method, the available P by the

Truog (1930) and exchangeable K, sodium (Na), calcium (Ca), magnesium (Mg) by

the method of Peech et al. (1962). Determinations were made of dry matter (DM) and

CP using the procedures described by AOAC (1985) for all treatments. Cassava tuber

and leaf materials were analyzed for the measurement of HCNp contents using acid

hydrolysis method (Bradbury et al., 1991; Haque and Bradbury, 2002).

2. Statistical analysis

The data obtained on the parameters studied were subjected to analysis of

variance from General Linear Model procedures using the software package SPSS 16.0

for windows. The means were separated using Duncan’s Multiple Range Test from the

same software.

Results

The average annual rainfall in the two experimental years was 2428 mm with a

peak in rainfall in August, while monthly mean temperature ranged from 14.9 to

29.1°C, with a minimum in January and a maximum in July. The commencement of the
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experiment in July was to ensure adequate temperature for cassava. The application of

fertilizer significantly affected on the HCNp content of foliage and tuber in this

experiment (Table 4.2). The minimum HCNp content in cassava foliage was obtained

by the application of F4 followed by F5. However, the difference between F4 and F5

was non-significant in this experiment. The similar result was observed in the HCNp

content of tuber by the application of F5 followed by F4 at the final harvesting time of

tuber. Moreover, the application of N-K treatments in tuber had significantly lower

(P<0.05) HCNp content than those of the control treatment. Therefore, it is evident that

the lowest level of HCNp content was observed at F4 and F5 fertilization rates in both

foliage and tuber. The HCNp reduction as influenced by N-K fertilization compared

with the control treatment for foliage and tuber were also presented in Table 4.2.

The CP yields in foliage and tuberous roots of cassava were summarized in Table

4.3 and 4.4, respectively. The high CP yield (356.24-404.79 kg/ha) in the foliage were

obtained in F4,F5 and F7 fertilization treatments, although, there was no significant

difference among them. The high CP yield of tuber also observed for F4 and F5

fertilization treatments were not significantly different between them, but were all

significantly higher than control treatment.

The results of the growth attributes showed that N-K application tended to
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increase the plant height compared with FO treatment (Table 4.3). The control

treatment (FO) had a smaller number of leaves and branches per plant than fertilized

treatments. Moreover, the treatments were applied with N-K showed a higher number

of leaves per plant than other treatments and it was observed in F5 followed by F4.

Application of N fertilizer together with K (F4, F5, F7 and F8) showed more

pronounced effect on the foliage yield compared with the control treatment (Table 4.3).

The similar results were also obtained in tuber, although, there was no significant

difference (P>0.05) among them (Table 4.4). The foliage yield peaked at F4, but the

tuber yields obtained at F5 in this experiment. Both foliage and tuber yields generally,

increased in all treatments with increasing rates of fertilizer application, however, it

tended to decrease with higher rate of N-K dose at F7 and F8. The effect of different

nitrogen and potassium levels on HCNp content and DM vyield of cassava were also

presented in Figure 4.2a and 4.2b, respectively.
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Table 4.1 Soil nutrient composition for the 0-20 cm layer of the soil

at the experimental site

Parameters Values

pH (H,0) 8.15+0.01
Total N (%) 0.14+0.01
Available P (ppm) 56.52+0.02
Exchangeable K (meq 100g™) 0.26+0.02
Na (meq 100g™) 0.24+0.01
Ca (meq 100g™) 35.40+1.46
Mg (meq 100g™) 1.97+0.33

Values are expressed as the mean £ SD.
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Table 4.2 Effect of fertilizer application on HCNp content of cassava foliage and tuber

- Foliage Tuber
Fertilizer - -
HCNp HCNp reduction HCNp HCNp reduction

N-K,O kg/ha (mg/kg DM) (%) (mg/kg DM) (%)

FO (0-0) 129.49+9.06° 0.00+0.00° 95.66+8.03° 0.00+0.00°
F1 (0-100) 80.01+4.86™ 38.21+3.75° 65.55+6.97" 31.47+7.29"
F2 (0-250) 87.53+5.51® 32.41+4.26® 66.62+3.70° 30.35+3.87"
F3 (50-0) 76.82+7.38% 40.67+5.70° 55.37+4.64" 42.11+4.84
F4 (50-100) 51.89+4.84" 59.93+3.73° 34.02+4.95° 64.44+5.18°
F5 (50-250) 54.77+9.92" 57.70+7.66° 31.97+1.51° 66.58+1.57°
F6 (100-0) 86.43+2.25% 33.25+1.74% 59.11+9.93° 38.21+5.39"
F7 (100-100) 67.01+8.56™ 48.25%6.61° 54.94+3.16° 42.57+3.30°
F8 (100-250) 66.85+3.98* 48.37+3.08" 50.95+4.80" 46.73+5.02"

#¢Values (mean * SD) with different superscript on the same column are significantly different (P<0.05).



Table 4.3 Effect of fertilizer application on protein%, growth characteristics and yielding of cassava foliage

€g

Fertilizer Dry matter Crude protein Plant height Leaf no. Branches Foliage yield Protein yield
N-K,O kg/ha (%) (% DM) (cm) per plant (kg/ha DM)

FO (0-0) 25.81+0.60 12.54+0.60 149.60+4.81" 229.33+14.74° 7.67+0.57° 1479.33+153.46°  185.30+27.09°
F1 (0-100) 25.70+2.99 13.20+0.78 166.13+14.28"  307.67+25.92%° 9.00+1.73* 1821.83+167.34  239.79+14.75"
F2 (0-250) 25.54+0.68 13.25+0.94 160.07#11.15®  394.33+15.66™ 12.67+2.08% 1810.43+149.95°  238.50+35.35*
F3 (50-0) 24.79+3.51 13.64+0.59 156.67£11.95®  291.008.00" 13.00+2.65™ 1494.13+122.37°  204.07+13.48%
F4 (50-100) 24.99+1.61 13.80+0.48 183.60+8.35° 395.00+13.00% 12.67+2.64™ 2930.93+188.07°  404.79+35.08°
F5 (50-250) 25.58+0.36 13.82+0.05 182.20+1.50° 435.00+16.27° 13.00+2.65™ 2684.73+159.33°  370.87+22.76°
F6 (100-0) 25.96+1.47 13.58+0.35 162.87+8.88% 299.00+7.91%° 13.00+2.65™ 2102.23+99.82" 285.71+15.88"
F7 (100-100) 27.16%1.57 14.09+1.49 164.47+2.65% 363.67+13.98%° 14.33+2.08° 2528.53+170.76™  356.24+26.05°
F8 (100-250)  24.87+0.60 13.96+0.85 165.07+2.75% 336.00£12.41%° 12.33+1.15% 1877.73+187.61°  260.78+15.98™

*@\/alues (mean + SD) with different superscript on the same column are significantly different (P<0.05).
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Table 4.4 Effect of fertilizer application on CP% and yielding of cassava tuber

Fertilizer Dry matter Crude protein Tuber yield Protein yield
N-K,0 kg/ha (%) (% DM) (kg/ha DM)

FO (0-0) 23.18+1.98 0.87+0.08° 4639.20+912.60" 40.82+10.26°
F1 (0-100) 25.67+0.57 1.00+0.02* 6115.80+895.88% 61.12+9.88%
F2 (0-250) 25.14+1.65 0.99+0.02% 7229.50+911.56% 71.60+11.25%°
F3 (50-0) 26.06+1.62 1.13+0.10® 6401.40+649.79% 73.35+18.48%°
F4 (50-100) 26.55+2.38 1.25+0.06° 9124.40+883.79° 114.07+13.36°
F5 (50-250) 25.07+0.71 1.19+0.16™ 9474.10+822.20° 114.62+17.70°
F6 (100-0) 25.39+0.55 1.28+0.06° 6363.70+781.13% 81.91+15.05%°
F7 (100-100) 26.32+1.20 1.24+0.07° 7766.00+812.43% 96.59+17.03%
F8 (100-250) 25.75+1.74 1.32+0.21° 6897.60+955.33% 85.90+16.61%

#¢Values (mean * SD) with different superscript on the same column are significantly different (P<0.05).
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Discussion

The average values of HCNp content in the present results are included in the

range of low HCNp levels compared to the recent report of Hue et al. (2012). The

amount of HCNp content in cassava varies even different parts of the same plant

according to plant age and other factors like soil and fertilization contribute to the

quantities of HCNp in the plants (Bradbury et al., 1999). In this experiment, higher

rate of N application tended to increase in HCNp content and it was observed in F6, F7

and F8 compared with F4 and F5 treatments. Therefore, it could be reasoned that the

suitable quantity of N fertilizer application would encourage plant growth to the climax,

but the excess dose would enhance to increase the HCNp content. Sher et al. (2012)

also revealed that increase in N application resulted in enhanced HCNp level.

Furthermore, Peter and Birger (2002) stated that the applied N stimulates the

enzymatic conversion of tyrosine to p-hydroxymandelonitrile which ultimately lead to

increase in the biosynthesis of cyanogenic glucoside. Worthington (2001) also stated

that plants require N for normal growth and protein synthesis however, if N is applied

in excess of what the plant requires for protein formation, the excess is accumulated as

nitrate and stored predominantly in the green leaf part of the plant. The highest value

of HCNp reduction was observed in F4 and F5 in this experiment. Therefore, the
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appropriate combination rate of N and K are required for cassava cultivation

concerning for the HCNp reduction. The same trend of HCNp reduction as influenced

by fertilization was observed in tuber. From this result, the combined N-K treatment

showed a higher HCNp reduction than the individual treatment of either N or K.

Therefore, the HCNp content in tuber clearly showed that both N-K application

promote the HCNp reduction. Moreover, the highest HCNp reduction with the

minimum HCNp content in tuber were observed in the higher dose of K namely F5

followed by F4 in this experiment. Therefore, the results obtained in this experiment

are consistent with the report of Howeler (2002). Putthacharoen et al. (1998) who

stated that cassava removed less N and P but similar amounts of K in the harvested

plant parts as compared to maize, sorghum, peanut, mungbean, pineapple and

sugarcane. Long-term fertility trials indicate that without adequate K fertilizer, in this

case referring to tuber production, cassava yields eventually decline due to K depletion,

except in those soils containing large amounts of K-bearing minerals (Howeler, 1991).

In this experiment, the control treatment without N and K fertilization produced

lower CP content compared with other treatments. Ravindran (1993) reported that the

foliage contains approximately 21% CP with a range from 17 to 40% CP depending on

cultivar, maturity, sampling procedure, soil fertility and climate. Nitrogen increased the
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chlorophyll of leaves thereby promoting the photosynthetic capacity of the plant, plays

a part in the manufacture of proteins and is also responsible for high yield in plants.

The CP yields of foliage and tuber generally, increased in all treatments as compared to

control with increasing rates of N fertilizer application in this experiment. The increase

in protein content with N fertilization is in agreement with the finding of Mahmud et al.

(2003). Potassium on the other hand, promotes CO, assimilation and translocation of

carbohydrates from leaves to the tubers and tuberous roots of crops where

carbohydrates are the main storage material (Howeler, 2002).

The control plots recorded the shortest plants in height with the lowest number of

leaves and branches. The superior growth attributes obtained by application of N and K

in this experiment had been reported by Uwah et al. (2013). The positive response of

growth characters to the applied nutrients is suggested to attributable to their role in

cell multiplication and photosynthesis which gave rise to increase in size and length of

leaves and stems. Nitrogen is a major element (Mosier et al., 2004) that is essential for

synthesis of amino acids, nucleic acids and some organic acids which is necessary for

plant growth and development and its limits reduce yield (Zhao et al., 2005). Okpara et

al. (2010) reported that plant height was increased by application of K up to 150 kg/ha.

Fertilization resulted in higher foliage and tuber yields in the fertilized plots than
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the control. This observation supports the findings of Gomez et al. (1980) who

obtained higher cassava yield when fertilizer was applied. Molina and EIl-Sharkawy

(1995) also reported that fertilization induced production of more vigorous plants,

increased nutrient recycling from fallen leaves and improved the quality of the planting

material. The increase in fodder yield with fertilizer application may be due to greater

plant height, higher stem diameter, higher number of leaves per plant and greater leaf

area per plant (Mahmud et al., 2003). Hence, Mehdi et al. (2007) stated that the

positive response of tuber yield and yield components to increased rates of N and K

could be adduced to high starch synthesis and translocation activities stimulated by N

and K application.

Parkes et al. (2012) reported that tuber yields generally increased in all cassava

genotypes with increasing rates of fertilizer application up to 120N-180K,0 kg/ha.

However, they recommended that the economic rate of the fertilizer application for all

genotypes was 60N-90K. Viewing both yield and HCNp contents, the results of present

experiment exhibited that F4 and F5 fertilizer combinations gave the higher cassava

yield with lower HCNp content than without N-K fertilization. Furthermore, the

maximum dry matter yield and lowest HCNp content in foliage and tuber was obtained

by the application of N at 50 and K between 100 and 250 fertilization rates. Therefore,

59



the combination of N50 and K100 fertilization appeared appropriate for optimum yield

and HCNp reduction in our study.

Bolhuis (1954) had set the following classification of toxicity according to

HCNp content: 0-50 mg/kg, innocuous or harmless, 50-100 mg/kg moderately toxic

and >100 mg/kg dangerous or toxic. Therefore, this study revealed that the control

treatment had the HCNp level (129.49 mg/kg) considered poisonous level while other

treatments were moderately poisonous level (51.89-90.00 mg/kg).

Conclusion

Present results clearly indicated that content of cyanide poisoning can be

controlled by appropriate fertilization management. The combination ratio of nitrogen

and potassium (50 kg/ha and 100 kg/ha) was recommended as the optimum

economical dose for the purpose of lowering HCNp content of cassava for safe

utilization as feed.
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CHAPTER 5

Effects of harvesting period on chemical composition and yielding of cassava

foliage and tuber

Abstract

The experiment was conducted to determine the effect of different harvesting

period on the chemical composition and yielding of cassava (foliage and tuber). Two

different ages of cassava foliage of initial harvesting, at 3 and 5 months were

conducted for IH3 + FH and IH5 + FH treatments, respectively. The final harvests of

these two treatments were done the whole including tuber in the 7 month. Cassava

foliage, harvested once at root harvest (7 month), was performed as a control treatment

(FH). The lowest hydrocyanic acid potential (HCNp) content was observed at control

treatment in both cassava foliage and tuber while IH3 + FH treatment showed the

highest HCNp content. The HCNp and crude protein (CP) content were higher in the

leave compared with petiole and stem of foliage while these compositions were also

higher in cortex than parenchyma portion of cassava tuber. The opposite trend was

found in the crude fiber (CF) contents, which were higher in the petiole and stem than

the leaves. The highest total foliage and protein yield were observed at IH5 + FH
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treatment compared with IH3 + FH and FH. FH treatment produced the highest tuber
yield (15268 kg/ha), followed by IH5 + FH (11567 kg/ha) in this experiment. The
leaves and tuber contain gross energy with an average of 4709 kcal/kg (range:
4608-4783 kcal/kg) and 3857 kcal/kg (range: 3842-3881 kcal/kg), respectively.
Viewing both yield and proximate analytical values, the IH5 + FH treatment gives the
highest foliage yield together with the high CP and low fiber content in both harvest

periods.

Introduction

Cassava foliage has been reported to have good amino acid content, comparable
to soybean meal (Eggum, 1970) and the amount of foliage available at root harvesting
IS equivalent to about 30% of the tuber yield (Ravindran, 1993). Being a very
important animal feed and industrial raw material, cassava are used for dual purpose
nowadays; not only for tuber but also for foliage production. Several studies have been
undertaken on the use of cassava leaves as feed for cattle (Moore and Cock, 1985),
goats (Seng and Rodriguez, 2001), pigs (Ravindran et al., 1987) and poultry
(Ravindran et al., 1986). However, cassava leaves evaluated in much of the earlier

research were mainly from the plant after harvesting the tubers and these probably
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have a higher fiber content due to their maturity. The use of its by-products in animal

feeding could be an alternative for both the farmer that subsists on this crop and for the

industry. In addition, with proper management practices, it is expected that both tuber

and foliage yields will increase and the sustainability of the system will improve.

Up to the present time, there are few papers describing the behavior of nutritional

status as influenced by different initial stages of cutting and subsequent harvesting

interval as well as its relation to the foliage yield (Hong et al., 2003) and changes in

the nutritional composition of leaves during maturity (Ravindran and Ravindran, 1988).

No data on the nutritional status and HCNp content by the effect of harvesting period

and its effects on foliage and tuber production were reported. Therefore, in this study, it

was considered of interest to focus on leaves harvested at a younger stage with

appropriate nutrient inputs as well as tubers under these conditions.

Materials and Methods

The experiment was carried out from April 2013 to October 2013 in the field of

the University of the Ryukyus, Okinawa, Japan. Climatic data recorded during the

experimental period was showed in Figure 5.1 which was obtained from Japan

Meteorological Agency. It also presents 23.6°C mean annual temperature; 2071 mm
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mean annual rainfall during the experimental period. The chemical analysis of soil

samples before setting up the experiment, was showed in Table 5.1. The type of soil in

the experimental area is gray soil (local named Jagaru). Randomized complete design

(RCD) with three replications was used to study the effects of different harvestings on

chemical compositions and yielding of cassava foliage and tuber. The experiment

comprised of 3 treatments:

IH3 + FH; Top harvesting in the 3 months and final harvest

IH5 + FH; Top harvesting in the 5 months and final harvest

FH; Final harvest including tuber in the 7 months only as a control treatment

The variety of cassava used in this experiment was a local one called Red

cassava, due to the red colour of the petiole. Old cassava stems, which were obtained

after cutting into about 20 cm, were planted in continuous rows with 1 m between rows,

1 m between plants to give a plant population of 7500 stands/ha. Nitrogen, phosphorus

and potassium (N-P,Os- K,0) were applied at the rate of 50, 50 and 100 kg per hectare

as a basal fertilizer. This fertilizer was applied at the time of first leaf appeared from

cassava stand at one month after plating. The harvesting of cassava foliage was done

according to treatments. The last harvesting of cassava foliage for all treatments was

done when harvesting cassava tuber at 7 month after planting. Twenty-seven plants for
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each treatment in respective harvests were randomly selected and cassava foliage was

harvested by breaking the stem at between the green and brown part in accordance

with Wanapat et al. (1997). Individual plot of fresh cassava foliage were weighed. The

cassava foliage samples (leave, petiole and stem) were randomly sampled and divided

into two parts, one for HCNp content and one for other chemical analyze. Cassava

tuber was harvested at 7 month after planting, soil-free cassava tuber in each plot was

weighed to calculate yielding. Cassava tuber were separated into cortex and

parenchyma and subjected to chemical analysis.

1. Chemical analysis

The total N was determined using micro-Kjeldahl method, the available P by

Truog (1930) and exchangeable K, sodium (Na), calcium (Ca), magnesium (Mg) by

using Inductively Coupled Plasma atomic Emission spectroscopy (ICPE-9000,

Shimadzu, Japan). The gross energy was determined by using Auto-calculating Bomb

Calorimeter (CA-4AJ, Shimadzu Co. Ltd., Japan). Dry matter (DM) content of

experimental material was determined by oven drying at 70°C to a constant weight.

Determinations were made of CP and CF using the procedures described by AOAC

(1985). Cassava tuber and leaf materials were analyzed for the measurement of HCNp

contents using acid hydrolysis method (Bradbury et al., 1991; Haque and Bradbury,
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2002).

2. Statistical analysis

The statistical analysis of the data, obtained at each stage of the study was

performed using the SPSS 16.0 Software by ANOVA in accordance with the General

Linear Model. The Duncan new multiple range test was used to assess significant

differences among treatments.

Results

The mean HCNp contents in the different parts of cassava foliage for all

harvesting treatments are shown in Table 5.2. The significant highest (P<0.05) HCNp

content occurred at the first harvest of IH3 + FH treatment, at 3 month of age. From

this period onwards, a continuous decrease in the contents was recorded until the last

harvest at 7 month in this treatment. However, the HCNp content in cassava leaves of

IH5 + FH treatment was tended to increase from first harvest (152.18 mg/kg) to second

harvest (188.44 mg/kg). The lowest HCNp content of cassava foliage was recorded in

the control treatment. The HCNp contents in cassava foliage were in the range

leave>petiole>stem in all harvesting treatments. Similar observations have been

reported by De Bruijn (1973). The opposite trend was found for the CF contents, which
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were higher in the petiole and stem than the leaves (Table 5.2). The similar CF

contents were observed between petiole and stem range from 19.97 to 28.01% in all

treatments. The HCNp content in cortex were not significantly difference (P>0.05)

among treatments but were significantly higher (P<0.05) than parenchyma in all

harvesting treatments (Table 5.3). There was significant difference (P<0.05) between

the CF contents in different parts of cassava tuber, as the fiber contents in the cortex

were higher than in the parenchyma.

As shown in Table 5.4, the CP content in cassava foliage was significantly higher

at the first harvest of IH3 + FH treatment, and then decreased in the following foliage

harvest. Cassava leaves also had a higher content of CP than petiole and stem. The

significant higher (P<0.05) CP contents were recorded in the cortex portion than

parenchyma of cassava tuber. Leaf, petiole and stem ratios of the cassava foliage in all

harvests were shown in Table 5.5. Leaf accounted for a higher proportion than petiole

and stem of the whole crop. There were significant differences in the proportion of leaf,

petiole and stem between treatments. The lowest petiole and stem ratio was observed

in the 7 month harvest of IH5 + FH among all final harvest period treatments.

Figure 5.2a also indicated that total foliage yield and protein yield of cassava.

The significant highest (P<0.05) total foliage yield was observed at IH5 + FH (3721.73
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kg/ha) compared with IH3 + FH (3209.48 kg/ha) and FH (3426.90 kg/ha). Therefore, it

corresponds to give the highest CP yields with the values 1878.54 kg/ha in this IH5 +

FH treatment while 1733.92 kg/ha and 803.61 kg/ha were obtained in the treatments of

IH3 + FH and FH, respectively. The DM vyields of tuberous roots among the 3

treatments were also shown in Figure 5.2b. In these treatments, the DM tuber yield was

highest in control treatment (15268 kg/ha) but lowest in IH3 + FH treatment (8823

kg/ha). As a consequence with the tuber yields, the CP yield was observed with the

same trends in this experiment. The effect of different harvesting periods on gross

energy values of cassava foliage and tuber were also presented in Table 5.6.
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Figure 5.1 Average environmental temperature and rainfall in Okinawa (Naha) in 2013.
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Table 5.1 Soil nutrient composition in the 0-20 cm layer of the

soil at the experimental site

Parameters Values

pH (H,0) 7.86+0.01
Total N (%) 0.14+0.01
Available P (mg 100g™) 15.04+3.71
Exchangeable K (meq 100g™) 1.11+0.14
Na (meq 100g™) 0.74+0.15
Ca (meq 100g™) 59.87+2.15
Mg (meq 100g™) 2.39+0.14

Values are expressed as the mean = SD.
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Table 5.2 Effect of harvesting period on HCNp and fiber contents of cassava foliage

Item Parts IH3 + FH IH5 + FH FH
Month 3 Month 7 Month 5 Month 7 Month 7
HCNp Leaf 237.76+10.30"  163.29+7.78"° 152.18+5.72"¢ 188.44+4.26™° 117.94+10.55"
(mg/kg DM) Petiole 168.19+8.91°" 146.93+7.12% 150.73+2.74* 187.57+6.11" 101.68+10.37%
Stem 150.98+9.34 145.79+6.14% 145.03+2.54" 144.78+7.45 90.88+11.1%"
CF Leaf 6.43+1.16° 11.35+0.05% 10.31+0.26"" 9.67+0.35° 11.84+0.95"
(%) Petiole 19.97+3.88"" 28.01+0.75™ 26.48+1.73" 27.91+0.33" 26.67+1.96™
Stem 23.77+1.99% 27.21+2.12"° 27.24+0.15" 26.91+0.38% 27.50+0.43"

ACValues (mean + SD) with different superscript on the same column are significantly different (P<0.05).
**Values (mean + SD) with different superscript on the same row are significantly different (P<0.05).

IH3 + FH; Top harvesting in the 3 months and final harvest

IH5 + FH; Top harvesting in the 5 months and final harvest

FH; Final harvest including tuber in the 7 months only as a control treatment
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Table 5.3 Effect of harvesting period on HCNp and fiber contents of cassava tuber

Item Parts Harvesting treatments

IH3 + FH IH5 + FH FH
HCNp Cortex 160.53+5.79" 151.66+2.05" 152.25+2.44"
(mg/kg DM) Parenchyma 89.69+6.545 93.49+2.67% 82.43+4.49%
CF Cortex 6.37+1.38" 6.66+1.31" 7.33+£0.76"
(%) Parenchyma 0.80+0.27% 1.30+0.18% 1.43+0.33%

ABvalues (mean + SD) with different superscript on the same column are significantly different (P<0.05).
*bValues (mean + SD) with different superscript on the same row are significantly different (P<0.05).
IH3 + FH, IH5 + FH and FH referred to Table 5.2.
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Table 5.4 Effect of harvesting period on crude protein % of cassava foliage and tuber

Parts IH3 + FH IH5 + FH FH
Total Total
Month 3 Month 7 Month 5 Month 7 Month 7
Leaf 30.65+1.42"*  23.37+0.62° 54.03 25.17+0.25" 25.31+1.58"" 50.48 23.45+0.33"°
Foliage Petiole 9.56+1.64% 5.55%0.75%" 15.11 5.30£0.18° 5.47+0.15%° 10.77 5.44%0.22
Stem 14.16+2.68% 5.94+0.40% 20.09 10.42+1.11%° 6.07+0.21"5 16.49 7.81+0.63%
IH3 + FH IH5 + FH FH
Tuber Cortex 5.07+0.174 5.98+0.74" 6.55+0.58"
Parenchyma 1.94+0.26° 2.30+0.29° 2.22+0.27°

ACValues (mean + SD) with different superscript on the same column are significantly different (P<0.05).
“\/alues (mean + SD) with different superscript on the same row are significantly different (P<0.05).

IH3 + FH, IH5 + FH and FH referred to Table 5.2.
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Table 5.5 Proportion of cassava foliage on each harvesting treatments

Proportion IH3 + FH IH5 + FH FH
(%) Month 3 Month 7 Month 5 Month 7 Month 7
Leaf 88.50+0.82 54.61+4.11" 61.90+1.91"° 62.94+1.66"" 56.21+1.30™
Petiole 7.82+0.77% 23.6145.37% 17.99+1.01% 18.87+1.46 20.99+0.85
Stem 3.67+0.41% 21.78+1.71% 20.11+0.96" 18.19+1.15% 22.81+0.55%

ACValues (mean + SD) with different superscript within each column are significantly different at P<0.05.
#*Values (mean + SD) with different superscript within each row are significantly different at P<0.05.

IH3 + FH, IH5 + FH and FH referred to Table 5.2.
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Figure 5.2. Effect of harvesting period on DM vyield and protein yield of cassava
foliage (a) and cassava tuber (b).

IH3 + FH, IH5 + FH and FH referred to Table 5.2.
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Table 5.6 Effect of harvesting periods on gross energy values of cassava foliage and

tuber
Harvesting treatments
IH3 + FH IH5 + FH FH
Gross energy Foliage 4608.13+83.34 4736.87+25.44 4782.57+83.63
(kcal/kg) Tuber 3841.67+15.77 3881.08+21.14 3849.08+22.95

Values (mean £ SD) were not significantly different at P > 0.05.
IH3 + FH, IH5 + FH and FH referred to Table 5.2.
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Discussion

Different harvesting treatments had a considerable effect on the HCNp content of

the foliage examined in the present study. Sundaresan et al. (1987) reported that the

HCNp concentration and the bitterness associated with high cyanogenic glycoside

contents in leaves decreases with the maturity of the leaves. Therefore, the HCNp

content in IH3 + FH treatment was tending to decrease at the final harvest. However,

the increased in HCNp content in the IH5 + FH treatment showed that the foliage

could be produced with high level of HCNp content if the short period of regrowth was

allowed. It could be assumed that the IH3 + FH treatment had 4 months for regrowth

period after first harvest and this period allowed the leaf to mature state. On the other

hand, the harvest interval at IH5 + FH was only 2 months for regrowth and it would

produce higher HCNp content in a younger state of the leaves. Moreover, the results of

this study (Table 5.2) showed higher HCNp contents in leaves compared to other parts

of the cassava crop and agreed with the findings of Etonihu et al. (2011). In addition, it

was reported that the leaves also contained the enzyme hydroxynitrile lyase, which

catalysis the hydrolysis of acetone cyanohydrin to produce HCN and acetone

(Siritunga et al., 2004).

Cassava tubers showed slightly variation in HCNp content under the condition of
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different foliage harvesting period. According to Vetter (2000), cyanogenic glycosides

are mainly synthesized in the cotyledons of etiolated seedlings or in the young green

leaves of mature plants and transported to other part of the plants, such as tuberous

root. The concentration of HCNp contents in the foliage of IH3 + FH and IH5 + FH

treatment could be probably due to transport the higher concentration of HCNp from

the foliage to the tuber than control treatment. Therefore, the lowest total HCNp

content was observed in the tuber of control treatment. Although translocation of

linamarin takes place from leaves to tuber, there appears to be no progressive

accumulation of linamarin in tuber, indicating that linamarin is not passively stored in

the tuber, but is metabolized and utilized (Makame et al., 1987).

Etonihu et al. (2011) reported that the cortex of tuber is the outermost layer part

that is mostly exposed to different biochemical nutrient in the soil. As a result,

exposure to hydrocyanide in the soil could lead to increase proportion of cyanide in

part of the plant. Therefore, the profile of HCNp concentration in this study showed

that tubers (parenchyma) are lower cyanide storage part of cassava than cortex and

explains the reason for the higher consumption of this part by man and animals.

The mean CF content in the leaves of the final harvest of all treatments was with

a range of 9.67 to 11.84% (Table 5.2). These values of fiber in this study were lower
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than those reported by IITA (1990). It is possible that the differences were probably

due to differences in harvesting time which findings are also in agreement with

Phengvilaysouk and Wanapat (2008). Furthermore, the fiber content in IH5 + FH

treatment was lower than other harvest treatments. The fodder having less CF

percentage is considered as a good quality because high dietary fiber can cause

intestinal irritation, lower digestibility and overall decreased nutrient utilization

(Almodares et al., 2009). In addition, the cortex portion of cassava tuber in the control

treatment was showed higher fiber content than the other treatments. Therefore, the

subsequent harvesting of foliage slightly affected to the fiber content of tuber. Tewe

(2004) pointed out that the use of cassava peel as feed for non-ruminant animals is

limited due to its high fiber content and HCNp which are deleterious to their growth

and development.

As the results, in general, the CP content in the young leaves was higher than that

in the old leaves. According to Gomez and Valdivieso (1985), the CP and fiber content

are the two chemical components that are mainly affected by increasing plant age, with

CP decreasing and fiber content increasing as the biomass becomes older. Furthermore,

cassava leaves have been reported as having higher protein content than stems and

petioles (Borin, 2005), and therefore, cassava leaves will be suitable for monogastric
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animals such pigs and poultry, while stem plus petioles or whole plant are more

suitable for ruminants.

The total DM vyield of cassava foliage in the present study (3209 to 3721 kg/ha)

was in the range reported by Wanapat (2002), who found that the total DM yield of

foliage can vary from 1814 to 7257 kg/ha. Gomez and Valdivieso (1984) described that

the potential yield of cassava leaves or foliage varies considerably, depending on

variety, age of plants, plant density, soil fertility, harvesting frequency and climate.

Khajarern and Khajarern (1992) pointed out that leaves can be harvested within 4 to 5

months of planting, without adversely affecting tuber production. This assumption is

confirmed by the fact that the yield at the 5 month harvest was highest that this harvest

took place after a period of high growth rate of leaves and stems.

Leaf stem ratio is important in the study of the protein concentration of

above-ground parts of the plant, because leaves have the highest amino acid

concentrations in cassava (Normanha, 1966 cited in De Pinho et al., 2004). The results

from this study also showed that leaf accounted for a higher proportion than petiole

and stem of the whole crop. The mean dry leaf proportion of the foliage was high

(65%) but with a wide range, from 54 to 88% (Table 5.4). These findings were also

supported by work of Wanapat (2002) who found that cassava hay harvested at 4
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month planting had a leaf proportion of 62%. However, the mean value was slightly
higher than the results reported by Meyrelles et al. (1977) where the leaf proportion of
cassava foliage on DM basis was almost 52%. In general, leaves of the cassava
constitute a very significant proportion of the whole plant, making cassava fodder a
valuable feed material for animal feed.

Tuberization in cassava, which occurs as a result of swelling of the fibrous roots,
can commence within 30-60 days (Cock et al., 1979). If the cassava is cultivated
primarily for its tubers, it is imperative that leaf harvesting should not greatly reduce
tuber yield. Jalloh (1998) showed that delaying the first foliage collection until the 4™
month allows the plant to pass the most critical stage for its tuberous root yield.
Therefore, Lockard et al. (1985) recommended that the time at which leaf collection
was started on cassava had little effect on the total weight of leaves and the weight of
the tuberous roots, so leaf collection can start at least as early as 4 months after
planting. Gross energy values averaged 4709 kcal/kg in leaves and 3857 kcal/kg in
tuber were observed in our study. Okeke (1980) reported that cassava is high energy
yielding and continuously available plant. Furthermore, cassava is capable of
providing higher amount of energy/ha, about 13 times more than maize or guinea corn

(Sorghum) (Oyenuga 1961). Therefore, Tewe (1997) stated that the usage of cassava as
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an alternative to conventional energy feedstuffs like maize could help reduce cost of
feed and alleviate the problem of direct competition between livestock and humans for
maize. According to the present results, the cassava crop could be cultivated for the
production of foliage but at the expense of tuber yield, so that foliage and tuber

production cannot be achieved simultaneously.

Conclusion
The study revealed that the greatest advantage of two times harvest (IH5 + FH)
is that forage can be obtained the highest foliage yield with the acceptable level of
tuber yield. Therefore, it is suggested to harvest at the initial harvesting at 5 months
and final harvest system because enough protein source including young leaves was

obtained.

82



CHAPTER 6

Effects of cassava substitute for maize based diets on performance

characteristics and egg quality of laying hens

Abstract

This experiment was conducted to evaluate the efficiency of feeding diets

containing cassava meal (tuber and leaf) on feed intake, feed conversion ratio, weight

gain, egg performance and egg quality (weight, shell quality, yolk color, egg yolk

cholesterol contents) of laying hens during 5 weeks of feeding experiment. Thirty-six

white leghorn laying hens were allocated into 4 groups of nine hens each. Diet I,

contained no cassava meal but maize 57% of the diet and served as the control. In diet

I1, 111 and IV, the proportion of maize was substituted with the cassava meal at the

levels of 30% (30% tuber + 0% leaf), 40% (30% tuber + 10% leaf), and 50% (30%

tuber + 20% leaf), respectively. Cassava meal including tuber and leaf did not have

significant dietary effects on the performance of laying hens. However, egg laying

rate tended to decrease with the IV, although there was no significant different

between them. Egg quality parameters including Haugh unit value in the hens fed diet

I11 were significantly higher (P<0.05) than those fed diet I, 1l and IV. Hens fed with

83



diets containing cassava either tuber or leaf had higher (P<0.05) yolk color score than
those in the control fed with maize based diet. The results demonstrated that in laying
hens, up to 40% of maize could be replaced with cassava meal of an appropriate ratio
(30% tuber + 10% leaf) as energy source in the diet of laying hen for improving
laying performance and egg quality. Moreover, supplementation with cassava leaf

(10% and 20%) to tuber was efficient in lowering egg yolk cholesterol contents.

Introduction

Maize is a common feedstuff as a major supplier of energy in monogastric
animal diets in Myanmar. It is used about 60% of total diet in the poultry ration,
which implies that increasing cost of maize due to low level of production and higher
consumption rates by human beings and agro-industries would invariably lead to
increased cost of animal feeds (Myanmar Statistical Year Book, 2011). Therefore, the
need for replacing maize with non-conventional energy source is considered in order
to minimize cost and maximize poultry production (Bamgbose et al., 2010). The use
of cassava as an alternative to conventional energy feedstuffs like maize could help to
reduce feed costs (Anaeto and Adighibe, 2011). However, its use in conventional feed

is limited by some factors. The low protein content, essential vitamin and minerals of
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cassava tubers have been the major factors limiting its use in poultry diets. Cassava
leaf with its high protein content has wide scope as a feed source for poultry and
livestock (Rose and Enriquez, 1969). Gomez and Valdivieso (1985) reported that with
proper processing techniques, the problem of containing hydrocyanic acid potential
(HCNp) can be eliminated. It is therefore proposed that the inclusion of cassava leaf
into the cassava tuber might not only increase the level of protein but also improve
the mineral and vitamin of the feed might improve the quality of the egg. Report on
the substitution of the cassava tuber with various levels of cassava leaf inclusion for
maize in poultry feed rations is limited. This study was therefore conducted to
evaluate the effect of substituting maize in layer diets with processed cassava tuber
and different levels of leaf on laying performance, egg quality parameters and

digestibility.

Materials and Methods
1. Experimental diets
Cassava was collected from the field of the University of the Ryukyus, Okinawa.
The HCNp contents in leaves and tuber before ensiling were 293.36 mg/kg and

102.44 mg/kg, respectively. All chopped cassava were ensiled by using fermented
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juice of epiphytic lactic acid bacteria (FJLB) as a silage additive which were made

from napiergrass (Pennisetum purpureum). The silos were kept for one month at 29°C

and sun dried before replacement of maize. Sun-dried cassava tuber and leaves were

milled separately in a commercial feed milling machine (Sogo’s Impact, SOGO, MFG,

Co. Ltd., Tokyo, Japan) with 5 mm sieve. The chemical composition of the basal

ration was shown in Table 6.1. Four experimental diets were compounded for this

study. The basal diet was a typical layer diet containing 2,700 kcal/kg metabolizable

energy (ME), 18% crude protein (CP), and equal levels of calcium (3.9%) were

calculated to meet or slightly exceed the nutrient requirements recommended by the

National Research Council (NRC, 1994). The composition of the experimental diet

was shown in Table 6.2. In diet I, II, Il and 1V, the proportion of maize were replaced

with cassava meal of different combination of tuber and leaf: 0% (control), 30% tuber,

30% tuber + 10% leaf, and 30% tuber + 20% leaf, respectively. Other ingredients

were added to make a complete feed.

2. Hens and their management

Thirty six white leghorn laying hens of 32-week-old were constituted as the

material of this experiment. The laying hens were weighted individually for their

allocation to groups comprising of animals with similar live weight. This study was
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conducted in four groups including the control group and three trial groups of nine

hens each. Each treatment group was replicated three times with 3 hens per replicate

in a complete randomize design. The hens were habituated for 2 weeks before the

start of feeding experiment. The hens were offered feed twice a day and water were

provided on an ad libitum basis throughout the experimental period. The standard

routine management were carried out which included draining of remaining water,

washing of the watering trough and supply of fresh clean cool water, removal of

poultry dropping from the remaining feeds in the feeders and addition of fresh feed on

daily basis. This study was conducted at the University of the Ryukyus, Okinawa,

Japan for a period of 5 weeks from 25 August to 30 September, 2013. Experimental

plan and management of fowls was followed the guideline (Prime Minister’s Office,

1970). The mean air temperature measured throughout the experimental period was

31°C.

3. Performance and egg quality

Live weight (kg) measurements were performed at the start of the trial and end

of the trial. Feed intake was monitored once a day while egg collection was done

twice a day in the morning 9:00-10:00. The number and weight of eggs were recorded

daily throughout the experiment. Daily egg production (%) of hens was calculated by

the method described by Aderemi et al. (2012). Feed conversion ratio (FCR) was
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calculated from egg weight and feed consumption. During the treatment, mortality in
each group was recorded.

Egg quality measurements were determined once a week using a total of 72
eggs (18 eggs/treatment). The eggs were stored at 4°C refriengerator for the
measurement of egg quality. Parameters measured for egg quality were egg shape
index (by the use of a digital caliper), yolk index, Haugh unit, egg shell thickness, egg
shell weight and yolk color score. Haugh unit was calculated using the HU formula
(Haugh, 1937) based on the height of egg-white determined with a micrometer and
egg weight (NABEL-DET-6000, Nabel Co. Ltd., Kyoto. Japan). The detail yolk color
pigmentation was measured by using a Color Reader (CR-10, Minolta Co.Ltd., Osaka,
Japan). The L" value indicates the lightness, representing dark to light (0-100). The a”
(redness) value indicates the degree of the red-green color, with a higher positive a"
value indicating more red color. The b~ (yellowness) value indicates the degree of the
yellow-blue color, with a higher positive b™ value indicating more yellow color. Egg
yolk cholesterol was determined by wusing a High Performance Liquid
Chromatography method (HPLC; Shimadzu Co. Ltd., Kyoto, Japan) described by
Bragagnolo and Rodriguez-Amaya (2003).

4. Chemical analysis

Dry matter (DM) content of experimental material was determined by oven
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drying at 70°C to a constant weight. Determinations were made of CP, CF, EE, and
ash using the procedures described by AOAC (1985). The gross energy was
determined by using Auto-calculating Bomb Calorimeter (CA-4AJ, Shimadzu Co.
Ltd., Japan). Cassava tuber and leaf materials were analyzed for the measurement of
HCNp contents using acid hydrolysis method (Bradbury et al., 1991; Haque and
Bradbury, 2002). The concentration of mineral contents in the samples was analyzed
by using Inductively Coupled Plasma Atomic Emission spectroscopy (ICPE-9000,
Shimadzu Co. Ltd., Japan). Amino acid profile of maize, cassava leaf and tuber used
in this experiment were analyzed at Itochu Feed Mills. Co., Ltd, Tokyo, Japan.
Pigment composition of experimental diet and eggs were measured in Japan Food
Research Laboratories, Tokyo, Japan.
5. Statistical analysis

All data collected were subjected to analysis of varience using one way ANOVA
of SPSS 16.0 Software (2007), differences in means was separated using Duncan

multiple range test of the same software package.

Results

The chemical composition of the maize and cassava leaf and tuber used in this
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experiment were shown in Table 6.1. The HCNp contents were higher in the cassava

leaf (14.87 mg/kg) compared with the tuber (4.04 mg/kg). The HCNp contents in the

experimental diets (I1, 111, IVV) were ranged from 0.70 to 0.24 mg/kg diet. The results

of the statistical analyses of the performance characteristics were shown in Table 6.3.

All the groups did not display any statistically significant difference of the

performance parameters for feed intake, egg production, egg weight and FCR

(P>0.05). However, the lowest feed intake value was recorded in the hens fed the

control diet. It was determined that at the end of experiment, the hens fed cassava leaf

inclusion diet (I11 and 1V) slightly reduced FCR. Average weight gains of layers were

similar. No mortality was observed throughout the experimental period.

The egg quality parameters of the hens fed cassava meal diets were presented in

Table 6.4. Both the egg shape index and Haugh unit differed significantly among the

groups (P<0.05). Egg shape index significantly increased (P<0.05) as the level of

cassava leaf increased. Egg laid by hens fed diets I, Il and 1V had similar Haugh unit

values which were significantly lower (P<0.05) than those fed diet III.

Yolk color score was significantly (P<0.05) influenced by feeding cassava meal

(Table 6.5). Following cassava meal inclusion, yolk color reached a score of 11.78-

12.67, which was higher than the control score of 9.22 (P<0.05). The visual egg yolk
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color score (L”, a" and b") according to the color reader were also showed in Table 5.
Compared with the control diet group, the mean L’value tended to decrease in the
treated diet groups with cassava meal and was significantly (P<0.05) lower in diet II.
This resulted in a deeper yolk color in treated diet groups with cassava meal. The
value of a" was higher in the cassava meal diet groups and the highest value was
observed in diet Il. Therefore, the hens fed diets of cassava meal had dark red and
yellow color. The pigment composition of experimental materials was showed in
Table 6. The contents of B-carotene and lutein were not detected in cassava tuber.
However, these pigments were observed in the eggs of cassava dietary treatments
(Table 6.7). Vitamin A (retinol) and p-carotene were not detected in the control group
eggs.

Egg yolk cholesterol content of hens fed diets | and Il were higher (P<0.05)
than those fed cassava leaf diets (Figure 6.1). However, there was no statistical
difference between the content of egg yolk cholesterol at the levels of 10% and 20%
cassava leaf substitution in the diets. The lowest value of egg yolk cholesterol content
was recorded (9.83 mg/g yolk) with both 10% and 20% cassava leaf diets, which was
approximately 24% lower than that of the control diet. Cholesterol content in hens fed

control diet was 12.90 mg/g egg yolk.
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Table 6.1 Analytical components of maize, cassava leaf and tuber offered for the

experiment

Parameters Maize Cassava leaf ~ Cassava tuber

Chemical composition, %
Dry matter 88.01 92.48 91.67
Crude protein 8.40 16.60 0.90
Crude fiber 1.79 12.70 3.60
Ether extract 4.74 7.00 0.50
Ash 1.42 6.30 3.10
Nitrogen free extract 71.66 55.87 82.80
Gross energy (kcal/kg) 4327 4408 3952
HCNp (mg/kg DM) ND 14.87 4.04

Mineral composition
Ca% 0.01 2.00 0.23
Mg % 0.09 0.44 0.12
Zn (ppm) 1.82 56.89 58.98
Fe (ppm) 5.05 144.84 212.05

Amino acids’, %
Aspartic acid 0.43 1.67 0.13
Threonine 0.25 0.59 0.07
Serine 0.34 0.74 0.07
Glutamic acid 1.28 1.97 0.20
Proline 0.66 0.70 0.03
Glycine 0.27 0.63 0.07
Alanine 0.50 0.77 0.10
Valine 0.30 0.62 0.07
Cystine 0.17 0.19 0.04
Methionine 0.16 0.20 0.03
Isoleucine 0.19 0.47 0.05
Leucine 0.85 1.06 0.10
Tyrosine 0.14 0.35 0.02
Phenylalanine 0.32 0.73 0.06
Lysine 0.20 0.66 0.09
Histidine 0.21 0.26 0.03
Arginine 0.30 0.63 0.06

TAnalyzed by Itochu Feed Mills.Co., Ltd, Tokyo, Japan, July 1, 2013; No. R130449A

ND: not detected
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Table 6.2 Combination ratio of feed materials in each experimental diet

Ingredients Diet | Diet Il Diet I Diet IV
Substitution rate of corn, % 0 30 40 50
Maize 57.2 40.0 34.3 28.6
Cassava tuber - 17.2 17.2 17.2
Cassava leaf - - 5.7 114
Soybean meal 14.2 15.0 14.2 14.2
Wheat bran 1.0 0.5 1.0 1.0
Pork-chicken meal 2.0 2.3 2.0 2.0
Fish meal 2.0 3.0 2.0 2.0
Feather meal 2.0 2.0 2.0 2.0
CasPO, 0.3 0.3 0.3 0.3
CaCOs; 8.8 8.8 8.8 8.8
Fat (oil) 1.1 1.1 1.1 1.1
Gluten meal 3.6 4.0 3.6 3.6
Rapessed meal 4.0 2.0 4.0 4.0
Extra additional formula' 3.7 3.7 3.7 37
Total % 100 100 100 100
Calculated analyses

Crude protein % 18 18 18 18
Lysine % 0.9 0.9 0.9 0.9
Methionine+cystine % 0.5 0.5 0.5 0.5
Calcium % 3.8 3.9 3.9 4.0
Phosphorus (available) % 0.3 0.3 0.3 0.3
ME (kcal/kg) 2780 2756 2720 2708

"Extra additional formula provided percentage of diet: Corn powder: 3%; Salt: 0.25%;
Premix: 0.1%; Zeolite, Sea weed, Mugwort and Wood vinegar: 0.3%; Colin chloride
(neurotransmitter): 0.01%: Phytase: 0.01%; Pigment: 0.06%; Methionine: 0.002%

Diet I: Control group (no substitutional basal diet); Diet 1I: 30% tuber; Diet I1l: 30%
tuber + 10% leaf; Diet 1V: 30% tuber + 20% leaf
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Table 6.3 Performance characteristics of laying hens fed experimental diets

Parameters Diet | Diet Il Diet 111 Diet IV
Feed intake (g/hen/ day) 95.55+3.93 98.40+3.54 96.48+3.86 101.29+2.46
Egg production (%) 98.33+1.15 97.00+1.00 97.67+0.57 96.33+1.48
Egg weight (g) 57.52+3.74 58.81+2.76 56.72+2.47 59.39+1.94
FCR (kg feed/kg egg) 1.71+0.12 1.71+0.06 1.76+0.11 1.78+0.11
Liveweight gain (kg) 0.06+0.02 0.10+0.05 0.04+0.05 0.08+0.06

Mortality (%)

FCR; Feed conversion ratio

Values (mean = SD) were not significantly different (P>0.05) among the treatments.
(Refer to Table 6.2 for the types of Diet)
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Table 6.4 Egg quality parameters of laying hens fed experimental diets

Parameters Diet | Diet I Diet 1l Diet IV

Egg shape index 73.57+1.42° 73.97+1.53° 74.43+1.82% 75.92+2.07°
Yolk index 0.40%0.01 0.40%0.01 0.40%0.01 0.40%0.00
Yolk weight (g) 15.59+1.66 16.48+1.32 15.38+0.73 16.15+0.69
Haugh unit 89.17+2.83° 88.46+2.43° 92.45+3.22° 88.74+3.33°
Egg shell weight () 5.41+0.26 5.51+0.41 5.54+0.37 5.72+0.24
Egg shell strength (Kgf) 4.68+0.30 4.45%0.56 4.55%0.25 4.610.48
Egg shell thickness (mm) 0.44+0.01 0.44+0.01 0.45+0.01 0.45%0.01

*PValues (mean + SD) with different superscript on the same row are significantly different (P<0.05).
(Refer to Table 6.2 for the types of Diet)
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Table 6.5 Effects of experimental diets on yolk color score, lightness, redness and yellowness of egg yolk

Parameters Diet | Diet Il Diet 11 Diet IV
Yolk color’ 9.22+0.92° 12.67+0.29% 11.78+0.27° 11.89+0.30°
Lightness, L* 59.79+1.12° 55.22+0.81° 56.37+0.91° 56.19+0.93°
Redness, a* 7.50+0.50° 13.44+0.85° 11.67+0.67° 11.75+0.81°
Yellowness, b* 50.23+1.56° 44.39+1.38° 46.08+0.97° 45.55+1.09%

*“Values (mean + SD) with different superscript on the same row are significantly different (P<0.05).
"Yolk color score obtained from (NABEL-DET-6000, Nabel Co. Ltd., Kyoto. Japan).
(Refer to Table 6.2 for the types of Diet)
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Table 6.6 Pigment composition of control diet, cassava leaf and tuber

Parameters Diet | (control diet) Cassava leaf Cassava tuber
B-carotene (mg/100g) 0.08 1.75 ND
Lutein (mg/100g) 0.62 9.10 ND

Analyzed by Japan Food Research Laboratories (Tokyo, Japan, November 18, 2013; No. 13114669001-01
for Diet I, No. 13114669003-01 for cassava leaf and No. 13114669002-01 for cassava tuber)
ND: not detected
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Table 6.7 Pigment composition of egg yolk for eggs of dietary treatments

Parameters Diet | Diet Il Diet 111
Vitamin A (retinol) (png/100g) ND 1.00 1.00
B-carotene (pg/100g) ND 6.00 10.00
Lutein (mg/100g) 1.19 1.01 1.26

Analyzed by Japan Food Research Laboratories (Tokyo, Japan, November 18, 2013; No.

13114669004-01 for Diet I, No. 13114669005-01 for Diet Il, and No. 13114669006-01 for Diet II)
ND: not detected

(Refer to Table 6.2 for the types of Diet)
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Figure 6.1 Egg yolk cholesterol contents of laying hens fed experimental diets.
Values are expressed as the mean + SD. *"Means with different superscript
are significantly different (P<0.05). (Refer to Table 6.2 for the types of Diet)
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Discussion

The CP content of cassava leaf was higher than that of maize and cassava tuber

(Table 6.1). The HCNp content was higher in cassava leaf than in tuber, which agreed

the results of Onwueme and Charles (1994). The amino acid composition of maize,

cassava leaf and tuber used in this experiment are typical to those reported by Yeoh

and Chew (1976), who stated that cassava leaf was not only rich in proteins but also

in the essential amino acids. Muller et al. (1974) also reported that the amino acid

profile in cassava leaf was rich in lysine compared with napiergrass, Gatton panic

(Panicum maximum) and soybean meal, while the protein in maize was poor in this

amino acid.

The lack of significant difference in feed intake was probably due to small

difference in ME values of the diet groups, because, the difference between the diets

with the highest and the lowest ME of the control and diet IV was 72 kcal/kg. The

highest feed intake value was also observed in diet 1V (101.29 g/hen/day) while the

lowest was in the control diet (95.55 g/hen/day). The similarity was observed in feed

intake in the other’s report who stated that layers received high fiber from the low

energy cassava meal based diet had higher feed intake, because low energy diets

stimulate feed intake (Osei et al., 1990). Egg production revealed that there was
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similarity among layers on diet I to IV. This is an indication that the inclusion of

cassava meal in layer diets adequately maintained sustaining efficiency of egg

production. However, the result showed that the cassava leaf 20% inclusion slightly

decreased egg production compared with 10% leaf inclusion. This may be due to the

increase in the amount of dietary fiber as the cassava leaf increased in the diet. Fiber

had been reported to form complexes with other nutrients that preventing their

breakdown and utilization thus egg production decreased (Aderemi et al., 2012). This

observation indicated that layers could tolerate cassava meal 40% replacement

including tuber 30% and leaf 10% for maize without adverse effect on egg production.

The efficiency of FCR was reduced by the increased levels of cassava leaf

inclusion to the experimental diet, a finding that corroborates the earlier observation

of Osei et al. (1990). The reduced efficiency of FCR may be attributed to the high

fiber and low energy content of cassava meal (ljaiya et al., 2002). Enriquez and Ross

(1967) have reported HCNp toxicity for poor FCR, but it is unlikely that HCNp was

responsible in this experiment as extremely low levels were involved (Table 1), which

are in agreement with Osei et al. (1990). Hens in this study gained some weight at the

end of the experiment. This is an indication that the diets were adequate in nutrient

composition to sustain egg production and growth. The results obtained however did
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not agree the finding of Stevenson (1984) who reported that a rate up to 50% cassava

in the diet impaired the growth performance of poultry. It was also reported that

HCNp causes a reduction in growth rate by inhibiting intra-thyroidal uptake of iodine,

causing increase in secretion of thyroid stimulating hormone and thereby causing a

reduction in thyroxin level which is necessary for growth (Tewe, 1994). However,

Tewe (1991) also reported that the HCNp contained in cassava should not be a

problem as sun drying is known to reduce the level of these compounds to the point

where they have no negative effect on the animal. The weight increase observed in

this study could be due to the fact that the hens were still growing physiologically and

the similar results were observed in Oladunjoye et al. (2010). The absence of

mortality among all the experimental hens showed that cassava meal may have been

innocuously reduced of its HCNp content during ensiling and sun drying, which

agrees previous finding of Tewe (1991). The hens were apparently healthy during the

experiment.

There was a significant increase in egg shape index as 20% cassava leaf was

incorporated in layer diet which was larger than that of standard egg of chicken 74

(Powrie, 1977). It is suggested that the increase in egg weight was due to decrease in

egg numbers since egg weight is inversely related to the number of eggs produced
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(Osei et al.,, 1990). Moreover, Hammershoj and Steenfeldt (2005) observed that

decrease in feed intake may lead to inadequate supply of essential amino acids and,

especially if the methionine intake is below requirement, the egg weight may drop. In

this study, the highest value of Haugh unit was recorded with 10% leaf inclusion and

it declined again in 20% leaf inclusion. Oladunjoye et al. (2010) reported that the

decreasing Haugh unit in cassava treating diets could be due to HCNp in cassava leaf

which probably reached threshold level in these diets. Moreover, Roberts (2004)

stated that many factors affected Haugh unit such as storage time and temperature,

hen age, strain of bird, nutrition (dietary protein and amino acid content e.g. lysine,

methionine, feed enzymes, grain type/protein source), disease (IB), supplements

(ascorbic acid, vitamin E) and artificial exposure to ammonia. Therefore, further

research may focus to identify the factors effecting Haugh unit by the inclusion of

cassava leaf in layer diet. Yolk weight and yolk index were not influenced by

implication the inclusion of cassava meal in layer diets. Egg shell weight, egg shell

thickness and egg shell strength were not significantly affected by the dietary

treatments. No changes in egg shell quality were observed in this experiment because

the experimental diets were adequate in calcium.

The higher yolk color scores were observed in the eggs of the laying hens fed
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cassava meal diets. Rose (2005) stated that laying hens cannot synthesize egg yolk
pigments and egg yolk color closely depends on the fat-soluable pigments mainly
xanthophyll, lutein, zeaxanthine and [-cryptoxanthine in the diets fed. These
pigments provide different colors, from light yellow to dark red (Surai et al., 2001).
Because the hens in all groups were fed the same basal diet, except for the
replacement of dietary cassava tuber and leaf in group I, 111 and IV: The higher color
intensity of yolk in the cassava meal group might have been induced by the cassava
materials. The value of B-carotene in cassava leaf used in this study clearly showed
that cassava leaf has high carotene content which enriches the yolk color of egg. In
this experiment, B-carotene and lutein were not detected in tuber, that is in line with
Oladunjoye et al. (2010), who had earlier reported that the reduction in egg yolk color
score of birds fed cassava peel-based diets could be due to less pigmentation of
cassava peel. However, the higher value of redness a” color score was observed in diet
I1 (only tuber 30%) treatment. It might be the different percentage of corn gluten meal
in the experimental diet (Table 6.2), because Bailey and Chen (1989) reported that
corn gluten meal is one of the primary sources of xanthophylls.

Cholesterol concentration of egg yolk in the control group was similar to the

values reported by Bragagnolo and Rodriguez-Amaya (2003). Significantly low yolk
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cholesterol value was observed in hens (P<0.05) with 10% and 20% leaf inclusion,

which attributed higher fiber content of the diets. This supports the hypothesis that

increased dietary fiber often result in reduction in availability of cholesterol for

incorporation into lipoproteins (Story and Furumoto, 1990). Moreover, the presence

of HCNp in cassava leaf can exert hypocholesteronic influence as glycosides have

ability to interfere with the intestinal absorption of the dietary cholesterol and lipid

(Brown et al., 1999).

Conclusion

This study indicated that cassava leaf should be added along with tuber in

replacement of maize in layer diet. Because cassava leaf is an appreciable source of

carotenoids especially lutein and it could be used for adequate carotenoids supply for

acceptable egg yolk color. In addition, high level of Vitamin A, B-carotene, and lutein

and low level of cholesterol in eggs resulted from laying hens fed a diet with cassava

tuber and leaf in replacement of maize. Among four substitution ratios of corn, 40%

cassava substitution (30% tuber + 10% leaf) was the best in terms of egg production

and Haugh unit score, as well as keeping good health condition of hens.
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CHAPTER 7

Effect of whole cassava meal as substitutes for maize in the diets on the

performance characteristics and egg quality of laying hens

Abstract

The effects of feeding diets containing cassava meal (tuber and leaf) were

investigated on feed intake, feed conversion ratio, weight gain, egg performance, egg

quality and digestibility of layer during 4 weeks of feeding experiment. Thirty-six

white leghorn layer were allocated into 4 groups of nine hens each. Diet I, contained

no cassava meal but maize 57% of the diet and served as control. In diet II, Il and 1V,

the proportion of maize was replaced with the cassava meal at the levels of 50% (40%

tuber + 10% leaf), 75% (65% tuber + 10% leaf), and 100% (90% tuber + 10% leaf),

respectively. The cassava meal diets tended to reduce dry matter digestibility. The

birds were able to tolerate up to 75% of cassava meal (65% tuber + 10% leaf) after

which egg production declined. Cassava meal diet did not have significant (P>0.05)

dietary effects on the egg quality parameters. However, the trend of yolk color score

decreased to the increase of the substitution level of cassava meal. The results

demonstrated that maize (57%) in the commercial formula feed could be replaced
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with cassava meal up to 75% without any adverse effects on the laying performance

and egg quality.

Introduction

Cereal grains, particularly maize, normally constitute a major proportion of

poultry feed as the energy source. Maize is also the main source of energy in most

farm animal feeds. However, the situation is different in the developing countries

where cereals, legumes and some other animal feed components constitute staple

foods for man (Eruvbetine et al., 2003; Onyimonyi and Ugwu, 2007). In the coming

years, poultry producers will definitely have to look beyond maize and other cereal

grains because of their low availability and inability to keep pace with ever-increasing

poultry production (Chauynarong et al., 2009).

Oruwari et al. (2003) also stated that a complete substitute of maize was

enabled by the addition of brewer’s yeast to cassava tuber, and increasing protein

content in ratioanl feed for broiler. Therefore, cassava tuber meal might be completely

replace maize in poultry diets with proper protein balance. However, the content of

hydrocyanic acid potential (HCNp) of the leaf is six times higher than that of the

tuber (Reeds et al., 1982). Different physical processing methods have been tried for
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cassava, including sun drying, boiling, mashing and pelleting, to improve the nutritive

value and reduce HCNp content. Gomez et al. (1984) reported that more than 86% of

HCNp present in cassava was lost probably due to the evaporation of free cyanide on

sun drying at about 28°C. Substantial efforts have been made in the past to replace

cereals with cassava in poultry feeding but the response, in terms of productive

performance of laying hens fed cassava products, has been widely variable. Moreover

the information, regarding its utilization by substitution of the various levels of

cassava tuber incorporated with 10% leaf for maize in poultry feed rations, is limited.

It would seem to be more desirable and advantageous if cassava could be used to

completely replace maize in layer feeds. This study was therefore conducted to

evaluate the effects of complete replacement of maize with cassava meal on the

performance and egg quality of laying hens.

Materials and Methods

1. Experimental diets

Cassava was collected from the field of the University of the Ryukyus, Okinawa.

The HCNp contents in leaves and tuber before sun-drying were 103.25 mg/kg and

82.43 mg/kg, respectively. Sun-dried cassava tuber and leaves were milled separately
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in a commercial feed milling machine (Sogo’s Impact, SOGO, MFG, Co. Ltd., Tokyo,
Japan) with 5 mm sieve. All diets were formulated to meet or exceed the NRC (1994)
requirements for laying hens and provided in mash form. The composition of the
experimental diet is shown in Table 7.2. In diet I, II, Il and IV, the proportion of
maize were replaced with the cassava meal at the levels of 0% (control), 50% (40%
tuber + 10% leaf), 75% (65% tuber + 10% leaf), and 100% (90% tuber + 10% leaf),
respectively. Calcium soap fatty acid (Bypass mate L, YUKA SANGYO, Co. Ltd.,
Tokyo, Japan) was added into diet IIl and IV to meet the energy requirements
recommended by NRC (1994) at the level of 2% and 3%, respectively. The chemical
composition of the basal ration was shown in Table 7.1.
2. Hens and their management

The 52 week-old thirty six white leghorn laying hens constituted the material of
this experiment. The laying hens were weighted individually for their allocation to
groups comprising of animals with similar live weight. This study was conducted in
four groups including the control group and three trial groups of nine hens each. Each
treatment group was replicated three times with 3 hens per replicate in a complete
randomize design. Before the beginning of the experiment, hens were provided with a

basal diet for a 14 days adjustment period. The experimental diets and water were
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provided for ad libitum intake. The standard routine management were carried out
which include draining of remaining water, washing of the watering trough and
supply of fresh clean cool water. Removal of poultry dropping from the remaining
feeds in the feeders and addition of fresh feed on daily basis. This study was
conducted at the University of the Ryukyus, Okinawa, Japan for a period of 4 weeks
from 25 January to 8 March, 2014. Experimental plan and management of fowls was
followed the guideline (Prime Minister’s Office, 1970). The mean air temperature
measured throughout the experimental period was 21°C.
3. Performance, egg quality and digestibility

Laying performance and egg quality analysis were carried out by the use of
methods described in Chapter 6. Dry matter (DM) digestibility trial of experimental
diets was performed by the method described by Takemasa (2001). The digestibility
and fecal output trial was done for 10 days at the end of this experiment. Each
treatment group was replicated three times with 3 hens per replicate and conducted
with the same experimental diets. The birds were placed into individual battery cages
and fecal drops were collected in the same time throughout the digestibility trial
period. The excrement samples were oven-dried at 70°C for 48 hours and then were

ground for chemical analyses.
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4. Chemical analysis

Dry matter (DM) content of experimental material was determined by oven
drying at 70°C to a constant weight. Determinations were made of CP, CF, EE, and
ash using the procedures described by AOAC (1985). The gross energy was
determined by using Auto-calculating Bomb Calorimeter (CA-4AJ, Shimadzu Co.
Ltd., Japan). Cassava tuber and leaf materials were analyzed for the measurement of
HCNp contents using acid hydrolysis method (Bradbury et al., 1991; Haque and
Bradbury, 2002).
5. Statistical analysis

All data collected were subjected to analysis of varience using one way ANOVA
of SPSS 16.0 Software (2007), differences in means was separated using Duncan

multiple range test of the same software package.

Results
The results of the chemical composition and gross energy (GE) of maize and
cassava before utilizing as a layer diet were presented in Table 7.1. The proximate
composition, metabolizable energy (ME) values which was calculated by the method
described by Fisher and Boorman (1986) and HCNp content of experimental diets
were also shown in Table 7.3. The crude fiber and fat (ether extract) contents were
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significantly increased (P<0.05) with the increased substitution of cassava meal. All
the groups did not display any statistically difference (P>0.05) of the DM digestibility
of all experimental diets (Table 7.4). However, it tended to decrease in cassava meal
treated groups compared with the control diet groups.

The results of the statistical analyses of the performance characteristics of
laying hens fed experimental diets were summarized in Table 7.5. Dietary treatments
had no significant (P>0.05) effects on body weight, feed intake and egg weight.
However, the laying hens fed cassava diet (II1 and 1V) slightly decreased the final
body weights compared with the control group. This is an indication that the cassava
meal replacement for maize up to 50% adequately maintained body weight. The egg
production values recorded in control hens and those laying hens fed cassava meal
diet were 83.71%, 90.12%, 87.24% and 72.43%, respectively. According to this
results, the egg production of the laying hens fed diet IV groups was significantly
lower (P<0.05) than the control and other groups. Laying hens in diet Il and IlI
treatments had significantly lower (P<0.05) FCR values than those in control and diet
IV treatments during the experiment. No mortality was observed throughout the
experimental period.

Egg quality characteristics were shown no significant difference (P>0.05)
among the treatments (Table 7.6). In relation to egg internal quality as measured with

Haugh units, no effects (P>0.05) of different levels of cassava meal diet were
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observed. All the groups did not display any statistically significant difference for egg
yolk cholesterol content. However, the lowest cholesterol content was recorded
(14.69 mg/g yolk) in the hens fed the control diet. It was determined that the laying
hens fed cassava meal diet Il and 1V slightly increased cholesterol content to the
levels of 15.25 mg/g yolk and 15.90 mg/g yolk, respectively.

Yolk color score was significantly (P<0.05) affected by feeding cassava meal
(Table 7.7). Yolk color score decreased in proportion to incremental cassava meal
level in the diets with diet Il, 111 and IV having the score of 10, 10, and 9. In addition,
the visual egg yolk color score (L", a” and b") according to the color reader were also
shown in Table 7.7. A diet containing cassava meal significantly affected to the yolk
color that mainly decreased the redness a~ value from 14.57 for the control to 11.42
for the diet IV, but without affecting the L and b” values. The yellowness b” values

were similar (P>0.05) between dietary treatments ranging from 53.59 to 55.77.

113



Table 7.1 Analytical components of maize, cassava leaf and tuber offered for the

experiment

Parameters Maize Cassava leaf Cassava tuber

Chemical composition, %

Dry matter 88.01 92.24 91.86
Crude protein 8.40 24.00 5.00
Crude fiber 1.79 11.80 4.02
Ether extract 4.74 6.20 1.10
Ash 1.42 7.50 4.90
Nitrogen free extract 71.66 42.74 76.84
Gross energy (kcal/kg) 4326 4616 3550
HCNp (mg/kg DM) ND 18.24 16.43

ND: not detected
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Table 7.2 Combination ratio of feed materials in each experimental diet

Ingredients Diet | Diet Il Diet I Diet IV
Substitution rate of corn, % 0 50 75 100
Maize 57.2 28.6 14.3 -
Cassava tuber - 22.9 37.2 51.5
Cassava leaf - 5.7 5.7 5.7
Soybean meal 14.2 14.2 14.2 14.2
Wheat bran 1.0 1.0 1.0 1.0
Pork-chicken meal 2.0 2.0 2.0 2.0
Fish meal 2.0 2.0 2.0 2.0
Feather meal 2.0 2.0 2.0 2.0
CasPO, 0.3 0.3 0.3 0.3
CaCO, 8.8 7.8 7.8 7.8
Calcium soap fatty acid - 1.0 1.0 1.0
Fat (oil) 1.1 1.1 1.1 1.1
Gluten meal 3.6 4.0 4.0 4.0
Rapessed meal 4.0 3.6 3.6 3.6
Extra additional formula' 3.7 3.7 3.7 3.7
Total % 100 100 100 100
Calculated analyses

Crude protein, % 18 18 18 18
Lysine, % 0.9 0.9 0.8 0.8
Methionine+cystine, % 0.5 0.5 0.5 0.5
Calcium, % 3.8 3.8 3.8 3.8
Phosphorus (available), % 0.3 0.3 0.3 0.4
ME (kcal/kg) 2780 2724 2788 2777

'Extra additional formula provided percentage of diet: Corn powder: 3%; Salt: 0.25%;
Premix: 0.1%; Zeolite, Sea weed, Mugwort and Wood vinegar: 0.3%; Colin chloride
(neurotransmitter): 0.01%: Phytase: 0.01%; Pigment: 0.06%; Methionine: 0.002%

Diet I: Control group (no substitutional basal diet); Diet Il: (substitution rate of corn)
40% tuber + 10% leaf; Diet I11: 65% tuber + 10% leaf; Diet IV: 90% tuber + 10% leaf
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Table 7.3 Chemical composition of experimental diets

Parameters Diet | Diet Il Diet I Diet IV

Chemical composition, %

Dry matter 91.36+0.01 92.23+0.04 92.67+0.11 93.11+0.76
Crude protein 20.00+0.02" 20.70+0.32° 17.62+0.32¢ 19.05+0.38°
Crude fiber 1.69+0.01° 2.92+0.06° 3.05+0.20% 3.160.11°
Ether extract 3.02+0.01° 2.89+0.02° 3.94+0.14° 5.14+0.30°
Ash 13.03+0.18° 13.69+0.01° 14.50+0.11° 16.81+0.55°
Nitrogen free extract 53.62+0.20° 52.03+0.32° 53.57+0.60° 48.95+0.40°
ME?* (kcal/kg) 2888.10+7.64 2847.50+2.98 2872.30+3.86 2858.90+12.76
HCNp (mg/kg DM) ND 4.80+0.01 7.150.02 9.50+0.02

*0y/alues (mean + SD) with different superscript on the same row are significantly different (P<0.05).
*Metabolizable energy value was calculated using the method 37 x %CP + 81 x %Fat + 35.5 x %NFE
for poultry (Fisher and Boorman, 1986)

ND: not detected

Refer to Table 7.2 for the types of Diet
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Table 7.4 Digestibility and metabolizable energy of experimental diets

Parameters Diet | Diet Il Diet I Diet IV
Feed
DM, % 91.36+0.01 92.23+0.04 92.67+0.10 93.11+0.72
Gross energy (kcal/kg) 4026.20+17.84° 4001.90+13.21° 3912.70+10.13° 3993.50+17.71°
Feces
DM, % 24.93+2.67° 17.67+1.55 19.27+0.81° 22.93+1.03
Gross energy (kcal/kg) 3266.00+10.27° 3099.30+23.59" 3156.80+37.26" 3305.50+7.52°
DM digestibility, % 75.13+2.88 73.79+2.94 71.36+2.62 70.09+2.67
Gross energy (kcal/hen) 428.52+7.48 439.90+2.71 427.94+5.74 429.66+9.94

*%\/alues (mean + SD) with different superscript on the same row are significantly different (P<0.05).

Refer to Table 7.2 for the types of Diet
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Table 7.5 Performance characteristics of laying hens fed experimental diets

Parameters Diet | Diet Il Diet I Diet IV
Initial weight (kg/hen) 1.73+0.24 1.78+0.23 1.73+0.19 1.73+0.26
Final weight (kg/hen) 1.75+0.26 1.78+0.21 1.72+0.22 1.72+0.29
Feed intake (g/hen/ day) 106.42+2.44 110.16+0.68 109.35+1.46 107.37£2.87
Egg production (%) 83.71+3.41° 90.12+3.26*  87.24+2.01° 72.43+3.10°
Egg weight (g) 63.06+3.69 64.88+2.02 65.39+3.21 65.13+2.54
FCR (kg feed/kg egg) 2.09+0.20° 1.78+0.13" 1.84+0.12° 2.11+0.16°

Mortality (%) -

FCR; Feed conversion ratio

*b\alues (mean + SD) with different superscript on the same row are significantly different (P<0.05).

Refer to Table 7.2 for the types of Diet
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Table 7.6 Egg quality parameters of laying hens fed experimental diets

Parameters Diet | Diet Il Diet I Diet IV

Egg shape index 72.97+1.33 72.74+1.13 73.34+2.14 73.97+1.45
Yolk index 0.32+0.04 0.30+0.00 0.32+0.04 0.33+0.05
Yolk weight (g) 18.09+1.22 18.66+1.06 17.84+0.86 18.34+0.91
Haugh unit 86.12+2.35 86.51+2.71 86.40+2.74 86.49+1.96
Egg shell weight (g) 6.23+0.45 6.29+0.35 6.46+0.36 6.29+0.17
Egg shell strength (Kgf) 4.74+0.63 4.93+0.37 4.98+0.54 4.61+0.36
Egg shell thickness (mm) 0.46+0.01 0.46+0.01 0.45+£0.01 0.46%0.01
Yolk cholesterol (mg/g yolk) 14.69+1.45 14.85+1.14 15.25+1.29 15.90+2.75

Values (mean = SD) were not significantly different (P>0.05) among the treatments.

Refer to Table 7.2 for the types of Diet
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Table 7.7 Effects of experimental diets on yolk color score, lightness, redness and yellowness of egg yolk

Parameters Diet | Diet 1l Diet 1l Diet IV
Yolk color 11%0.50 10+0.60° 10£0.70° 9+0.52°
Lightness, L* 59.57+1.31 59.42+1.09 59.65+0.61 60.73+1.19
Redness, a* 1457+0.36°  13.24+0.63°  12.43%0.49° 11.42+0.29°
Yellowness, b* 55.60%2.40 55.77+2.08 53.59+1.56 54.37+1.45

*%\/alues (mean + SD) with different superscript on the same row are significantly different (P<0.05).
"Yolk color score obtained from (NABEL-DET-6000, Nabel Co. Ltd., Kyoto, Japan).

Refer to Table 7.2 for the types of Diet



Discussion

The calculated nutritional data presented in Table 7.2 were based on earlier

analytical data of maize, cassava leaf and tuber obtained from Table 7.1. The analyzed

ME values in the experimental diets shown in Table 7.3 were observed similarly with

the control diet but lower ME values when compared with 3870 kcal’kg ME of

unpeeled cassava tuber meal (Tion and Adeka, 2000). The differences in nutrient

composition of cassava relative to previous studies might be due to variety

differences, differences in soil conditions and rainfall distribution (Osei and Twumasi,

1989). An addition of calcium soap fatty acid to laying hen diets affected the crude fat

percentage increased to 3.94% and 5.14% in diet 11l and 1V, respectively. The lower

HCNp content in cassava diet treatments could be due to the effect of sun drying

before utilizing as a layer diet. Based on the HCNp contents of cassava leaf and tuber,

the HCNp contents were calculated to be 4.80 mg/kg, 7.15 mg/kg and 9.50 mg/kg in

the diet I, Il and IV treatments, respectively. The HCNp contents in the cassava

meal diet treatments in this study were lower than the values reported by Oladunjoye

et al. (2010). Panigrahi (1996) described that an excess of HCNp content at 100

mg/kg diet appears to adversely affect broiler performance, and laying hens may be

affected by levels as low as 25 mg/kg.
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The decline in DM digestibility in proportion to increasing cassava meal in the

present experiment might probably be due to the presence of dietary fiber in diet 11

and 1V (Table 7.4) because the cassava tubers used in this study were not peeled out.

Adeyemo et al. (2013) stated that cassava peel has high fiber content that makes it

indigestible to monogastrics when included in their feed. Therefore, the rate of

nutrient release may be slow hence the absorption rate is also slow. This will not

allow the laying hens to get the required essential nutrients for growth (Anthony,

2009).

The changes of body weight were not observed in the laying hen fed diet Il and

this finding was consistent with Stevenson and Jackson (1983) who found that weight

was not affected by a diet containing 50% cassava tuber meal. The decline in body

weight in the present experiment may, however, have been due to the presence of high

fiber content of cassava diet treatments (I11 and 1V). Weiss and Scott (1979) reported

that fiber has been known to depress intake and increase bulkiness and consequently

cause growth depression.

The similarity that was observed in feed intake of laying hens fed maize based

diet and cassava meal diet is in agreement with Oladunjoye et al. (2010), but contrary

to Anaeto and Adighibe (2011), who found that decreased feed intake in layers fed
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cassava root meal. It would be expected that the addition of calcium soap fatty acid to

the experimental diets adjusted ME values and improved the feed intake.

Hen day production revealed that there was similarity among layers fed diet I, 11

and Ill. This implied that cassava meal could replace maize up to 75% in layers

without adverse effect on egg production. On the other hand, the result showed that

the egg production decreased in the case of increasing cassava meal replacement over

75%. From this result, feed intake increased in laying hens fed diet IV but not enough

to improve egg production. This can be attributed to residual HCNp content which

probably reached an intolerable level in these diets (Oladunjoye et al., 2010).

Moreover, fiber had been reported to form complexes with other nutrients thereby

preventing their breakdown and utilization, and thus the egg production decreased

(Aderemi et al., 2012). Results of the present study are in harmony with the reports of

Aina and Fanimo (1997) who observed a decrease in egg production with cassava

meal wholly replaced maize, where feed intake was not affected.

Considering the overall mean, laying hens fed cassava meal diets laid slightly

heavier eggs than the control. The positive relationship between increased dietary

supplemental fat and egg weight are also well documented (Grobas et al., 2001). The

improved egg weight of laying hens fed diets 111 and 1V would be expected as a result

123



of addition of dietary calcium soap fatty acid to the experimental diets. The FCR

showed that the improvement with the use of cassava meal up to 75% level due to

considerable higher egg production in diet 1l and Ill than diet IV treatments. The

efficiency of FCR was depressed by the increased levels cassava meal to the

experimental diets (diet 1V), a finding that corroborates the earlier observation of

Osei et al. (1990). ljaiya et al. (2002) observed that cassava peel meal reduced FCR

due to a high dietary crude fiber level. The significantly highest FCR recorded also

for layers fed control diet may have resulted from slightly lower egg production and

decreased egg weight compared with the treatments Il and Il1.

In this experiment, egg shape index values were ranged from 72.74 to 73.97 for

eggs from the laying hen fed diet | to diet 1V, with the medium average of 73.26.

According to Romanoff and Romanoff (1949), the standard eggs from hens had a

shape index of 74 with blunt and pointed ends. The egg shape index, which is ranging

from 70 to 77, can be estimated as an optional value. Other higher and lower

quantities would point out more rounded, more elliptic or more elongated eggs

(Nikolova and Kocevski, 2006). Yolk weight and Haugh unit did not have a particular

statistical trend by a replacement with the cassava meal for the maize in layer diets

and this is in agreement with the reports of Aderemi et al. (2012). The Haugh unit
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value recorded for all treatments in this experiment were within the range of freshly-
laid eggs (Essien, 1990). The non significance of egg shell qualities (egg shell weight,
egg shell strength, egg shell thickness) implied all the dietary treatments were
adequate in calcium which was similar to a finding that cassava based diet did not
interfere with calcium metabolism in the laying hen (Aderemi et al., 2012).
Cholesterol concentration of egg yolk in the control group was slightly higher than
the values reported by Bragagnolo and Rodriguez-Amaya (2003) but lower than the
values that reported by EIl Bagir et al. (2006). Natural variation between samples has
also been reported, the cholesterol level in eggs varying with species, breed, hen’s age,
egg and yolk weight, and diet (Jiang and Sim, 1991). Moreover, the fatty acid
composition of egg lipids in laying hens can be influenced predictably by the fatty
acid composition of the diet (Beynen, 2004). Therefore, the slight increase in the egg
yolk cholesterol might be due to the addition of calcium soap fatty acid to the cassava
meal diets of 11 and 1V treatments.

Adecrease in a” value of egg yolk was one of the reasons for causing yolk color
pale in the egg of laying hens fed cassava meal. Hens are not able to synthesise color
pigments, but have the ability to transport about 20-60% of pigments to the yolk from
ingested feed (Bartov and Bornstein, 1980). Adewusi and Bradbury (1993) reported
that white-color cassava tuber may contain only small amounts of B-carotene. We
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used white color tuber in the present experiment and B-carotene and lutein were not
detected in these cassava tuber. In this experiment, 10% of cassava leaves were
incorporated with tuber in respective cassava meal diet treatments (I, 11l and V).
Buitrago (2009) also established that cassava leaf has high carotene content which
enriches the yolk color of the egg. However, the proportion of substituted cassava
tuber for maize was markedly high in this experiment, which corresponds to pale yolk
color score of the eggs. This finding was consistent with Oladunjoye et al. (2010),
who had earlier reported that the reduction in yolk color score of laying hens fed

cassava peel-based diets could be due to less pigmentation of cassava.

Conclusion

It is concluded that the acceptance of cassava-based ration as measured by feed

intake shows that cassava could be used in poultry industry, assuming reducing HCNp

contents beforehand. Moreover, the utilization of cassava meal up to 75% (65% tuber

+ 10% leaf) improved egg production and feed conversion efficiency without adverse

effects of the health of laying hens and egg quality. Therefore, these results are

certainly interesting and have great potential value for the layer industry where there

is scarcity of maize.
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CHAPTER 8

General Discussion

1. HCNp reduction by processing methods

It is confirmed by the experiment that the processing techniques such as soaking

or wilting to raw cassava tuber must make reducing the HCNp contents, irrespective of

their initial contents. This study revealed that soaking cassava products have higher

HCNp reduction levels (62-66%) than wilting (51-52%). After 48 hours of wilting

period in preliminary experiment, fungus growth started on the surface of tuber. The

soaking process is also faster and simpler than that of silage making and most of the

farmer used in Myanmar. However, the disadvantage of soaking method is a blackish

colouration was observed on the tubers after 48 hours of soaking period. This could be

the reduction of iron (I11) oxide to iron (II) oxide which is more readily utilized by

bacteria.

Ensiling was highly effective in substantially reducing the HCNp contents of

cassava leaves and tuber. The HCNp contents diminished gradually during the first 7

days of storage and then decreased at a rapid rate until 14 days of storage period. From

the results of the present study, fermentation quality of the cassava leaves and tuber

silage fermented with FJLB additives meets the criteria of well-preserved silage. The
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additive used to prepare the silage in our study was leucaena and napiergrass, which are

year round products made by rural farmers even in Myanmar, and therefore is readily

available and inexpensive for preserving cassava leaves and tuber. From the practical

relevance of this research, it can be concluded that both additives improved silage

quality and reduced HCNp contents which were observed in Red and White cassava

varieties varying in an initial HCNp content of fresh one. Therefore, ensiling cassava

leaves and tuber by using FJLB additives are a good preservation method especially

when harvest coincides with the wet season.

The present data suggested that it is possible to reduce the HCNp contents from

the cassava materials by using simple processing techniques. While ensiling reduced

HCNp contents in both leaves and tuber to moderately toxic levels (50-100 mg/kg), the

processing techniques were efficient with regard to HCNp removal for low HCNp level

of cassava variety. However, it should be noted that the values for initial HCNp

contents in cassava used in this study were relatively low compared with other studies.

All the cassava leaves samples in finalized products were not below the limit (<25

mg/kg HCNp) as safe utilization for poultry by Panigrahi (1996). Furthermore, the wide

range in concentration of HCNp value in over 5000 known phenotypically distinctive

cassava cultivars (Best and Hargrove, 1993) is an indication that genetic detoxification
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is feasible. This indicated that further study needs to be done on the detoxification level

of the cassava as to reduce or eliminate the cyanic poisoning to a tolerable level.

2. HCNp reduction by management strategies

Studied were therefore initiated on the improvement of the cassava products with

low HCNp contents for utilization such as poultry feed. The initial HCNp contents were

vary in both Experiments that were stated in Chapter 4 and 5. The samples presented in

Table 4.2 were from 12 months old plant harvested in June, 2012 while those in Table

5.2 and 5.3 were from 7 months old plant harvested in October, 2013. The difference of

initial HCNp content between the plants used in each experiment were probably due to

harvesting age, environmental temperatures, planting space and subsequent harvestings.

Protein content is one of the most important parameter evaluating the nutritional value

of forage crop. This study indicated that the high potential of cassava leaves as an

unconventional protein resource for both monogastric and ruminant livestock.

In our study, some cassava plots especially control plot had unacceptable values

of HCNp over 100 mg/kg meanwhile average values were 62 mg/kg of HCNp content

in fertilized plots. Therefore, it was quite obvious that the two application levels, F4 and

F5 (50 kg N, 100-250 kg K,0) had the advantages over all treatments as evidenced in

their lower HCNp contents and higher tuber yield per plant than control treatments.
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Moreover, our studies revealed that the negative correlation between the HCNp content

and crop yield. Although potassium is observed important in reducing the HCNp

content of cassava, other locally available and cheap source of potassium such as wood

ash can alternatively be used by the mainly subsistent farmers who usually cultivate the

crop.

Based on this result from Chapter 5, it can be concluded that different initial

harvesting intervals of cassava foliage affected to chemical composition of cassava.

Early initial harvesting of cassava foliage showed that CP content tended to be higher

and fibrous fractions lower. The control treatment gave a somewhat lower foliage yield

but slightly lower HCNp content compared with other treatments. As the CP content of

leaves on DM basis had 2 to 4 times higher than stem plus petiole. Therefore, it is

important to separate leaves from stem plus petiole when feeding cassava foliage,

especially to poultry. The root cortex had 6 times higher CF content than the

parenchyma. The digestibility and utilization of carbohydrates in poultry is highly

dependent on the proportion of starch and dietary fiber in the diet.

From the results of two years field experiments (Chapter 4 and 5), it may be

concluded that management strategies in combination with subsequent harvesting might

be produced good quality forage with lower HCNp level. It is evident that fertilization
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or harvesting management can result in significant HCNp detoxification and improved

foliage quality, respectively. Hence, the HCNp content in the final products can be

further reduced for safe utilization when combined with ensiling HCNp reducing

method.

3. Feeding values of cassava diets

Several have reported that, due to its bulkiness and high fiber content, the

maximum level of inclusion of cassava leaf in diets is between 10-20% for

monogastrics animals (Eruvbetine et al., 2003). In this present experiment, the optimal

incorporation rate was observed as 10% cassava leaf. Cassava leaf supplementation is a

simple and convenient strategy to transfer carotenoids to the egg adding value to an

already a valuable nutritional and functional food. Egg rich in vitamin A, and p-carotene

resulted from laying hens fed a cassava diet incorporated with 10% dry cassava leaf.

Dietary inclusion of cassava meal did not affect the health of the layers during the

experiment in both feeding trials. With regards to egg quality, these trials showed that

the fresh eggs produced by each of the four treatment diets fell within the range of

normal egg sizes; the yolk index values of the eggs were within the reported range of

0.30-0.50 for fresh eggs; and their shell thickness values of >0.33 mm, indicating that

the eggs will not crack easily during handling/transportation. It might be necessary to
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maintain total dietary levels of xanthophyll pigment by appropriate diet formulation

when using high levels of cassava tuber meal in layers feed to avoid having a decline in

the intensity of yolk pigmentation. In the main inclusion of 75% (65% tuber + 10% leaf)

cassava meal was found economical and productive as it was able to support body

maintenance and egg production of the hen at a level which was comparable to those on

control.

These cassava based diets were cheaper to produce than commercial diet in many

countries of the region, e.g Myanmar and this reflected on the lower cost of feed

consumed per kg egg produced. These attractive economic gains obtained from

replacing all of the maize with cassava is certainly interesting and has great potential

value for the region. In this way, poultry feed could become cheaper and more

dependent on locally produced cassava. It is, therefore, recommended that 75% of

maize in layers diet can be replaced with cassava meal of an appropriate ratio (65%

tuber + 10% leaf) and the use of cassava should be encouraged not only to reduce

dependence on maize, but also to reduce cost of feed in poultry industry.
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Summary

The reduction of the hydrocyanic acid potential (HCNp) content of cassava

foliage and tubers during processing processes and cultivation management were

clarified and then evaluate the feeding values as feed for poultry.

1. Comparison of feed conditioning techniques to reduce cyanide contained in

two varieties of cassava tuber

The effect of soaking and wilting processing methods on the HCNp contents of

different varieties of cassava (Red and White) was evaluated. Although the initial

HCNp contents of Red and White cassava varieties were different, the soaking and

wilting methods could reduce the HCNp content for different varieties by similar mean

reduction levels in HCNp contents. Moreover, the soaking method corresponds to

61.8-66.3% of HCNp reduction after 48 h meanwhile the wilting method corresponds to

50.9-51.5% in both cassava varieties. This investigation highlighted the importance of

soaking cassava tuber at least 48 h prior to utilization as feed for animals.

2. Effect of ensiling process and additive effects of fermented juice of epiphytic

lactic acid bacteria on the cyanide content of two varieties of cassava

The effect of ensiling process on reduction of the HCNp content of cassava leaves

and tuber with fermented juice of epiphytic lactic acid bacteria (FJLB) as silage additive
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was evaluated. In spite of the different cassava varieties used for processing in ensiling

process, similar mean reduction levels (72.3-84.3%) in HCNp content were obtained on

the 14 d after ensiling of FILB treated silage. The low levels of HCNp content

(25.1-82.3 mg/kg) in both leaves and tuber of Red cassava and (18.5-74.0 mg/kg) in

White cassava were observed in the FJLB additive treatments on the 14 d after ensiling.

Moreover, the relation between the drop of pH with silage fermentation and the

reduction of HCNp concentration were shown to be inversely proportional each other.

In addition, the addition of FJLB to cassava silage ensured good quality silage as

indicated by high lactic acid bacteria counts and V-score value on 14 d after ensiling

period.

3. Strategies for reducing of cyanogens in cassava and improving foliage and

tuber yield by fertilizing

The effect of different fertilization rates with nitrogen (N) and potassium (K)

combination on the chemical composition including HCNp and yielding of cassava was

determined. The minimum HCNp content in cassava foliage and tuber were obtained by

the application of N50-K,0100 followed by N50-K,0250 kg/ha. The foliage vyield

(2930.9 kg/ha) peaked at N50-K,0100, but the tuber yields (9474.1 kg/ha) obtained at

N50-K,0250. As a consequence with the yields, the high CP yields in the foliage and
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tuber were obtained in N50-K,0100 and N50-K,0250 treatments. Therefore, N50

-K100~250 combination was recommended for the optimum economical dose for the

purpose of lower HCNp content of cassava for safe utilization.

4. Effects of harvesting period on chemical composition and yielding of cassava

foliage and tuber

The effect of foliage harvesting periods on the chemical composition including

HCNp and yielding of tuber was investigated. Two different ages of cassava foliage of

initial harvesting, at 3 and 5 months were conducted for IH3 + FH and IH5 + FH

treatments, respectively. The final harvests of these two treatments were done the whole

including tuber in the 7 month. Cassava foliage, harvested once at root harvest (7

month), was performed as a control treatment (FH). The lowest HCNp content of

cassava foliage was recorded in the FH treatment while the highest was observed in the

IH3 + FH treatment. The highest total foliage yield was observed at IH5 + FH (3721.7

kg/ha) compared with 1H3 + FH (3209.5 kg/ha) and FH (3426.9 kg/ha). Therefore, it is

suggested to harvest at IH5 + FH system because the young cassava foliage obtained as

sources of protein together with acceptable level of tuber yield.
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5. Effects of cassava substitute for maize based diets on performance

characteristics and egg quality of laying hens

The effect of substituting maize in layer diets with cassava tuber and different

levels of leaf on laying performance and egg quality was evaluated. The best

replacement percentage is 40% cassava meal (30% tuber + 10% leaf) gave the best

performance in terms of egg production and Haugh unit score. Cassava leaf should be

added along with tuber in replacement of maize in layer diet because cassava leaf is an

appreciable source of carotenoids especially lutein and it could be used for adequate

carotenoids supply for acceptable egg yolk color. Moreover, supplementation with

cassava leaf (10% and 20%) to tuber was efficient in lowering cholesterol contents.

6. Effect of whole cassava meal as substitutes for maize in the diets on the

performance characteristics and egg quality of laying hens

The effect of complete replacement of maize with cassava on the performance and

egg quality of laying hens was investigated. Diet I, contained no cassava meal and

served as control. In diet 11, 11l and 1V, the proportion of maize was replaced with the

cassava meal at the levels of 50% (40% tuber + 10% leaf), 75% (65% tuber + 10% leaf),

and 100% (90% tuber + 10% leaf), respectively. The egg production was able to tolerate

up to 75% of cassava meal after which it declined.
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7. Conclusion

In this study, cassava can be cultivated by applying N:K,O fertilization and
appropriate HCNp reducing method such as silage making to produce low cyanide
cassava which is safe to use as feed. Cassava meal obtained by appropriate cultivation
management could be replaced up to 75% of maize in the commercial diet of laying
hens. Moreover, supplementation of cassava leaf to tuber is new feed resources to meet

the necessary nutrition and it can be substituted for grain such as maize in poultry feed.

137



Acknowledgements

First and foremost, |1 would like to express my deep appreciation and indebtedness

to my supervisor, Professor Dr. Yasuhiro Kawamoto, Tropical Grassland laboratory,

University of the Ryukyus, Okinawa, for giving opportunity to study in Japan,

suggesting the problem, understanding, encouraging and valuable guidance through out

the completion of this study. Secondly, | am deeply grateful to my referees Professor

Shin Okamoto, Professor Yoshitaka Nakanishi and Professor Ibrahim Hisham,

Kagoshima University, Kagoshima, for their helpful support and suggestions.

My highly appreciations and heartfelt sense of gratitude are extended to my

co-supervisor, Associate Professor Dr. Imura Yoshimi, Laboratory of Animal Nutrition,

University of the Ryukyus, Okinawa, for accepting me as a PhD student under his

supervisions, excellent advice, patience and understanding during my study.

A very special acknowledgement is given to Ministry of Education, Culture,

Sports, Science and Technology (Monbukagakusho) for granting scholarship to pursue

my study in Japan. All of my Japanese teachers and staff of the International Student

Center are greatly acknowledged for their invaluable academic and moral support

throughout the period of study. Cordial thanks and appreciations also due to all staff of

138



Faculty of Agriculture, University of the Ryukyus for their kind assistance and help in

official procedures during my study.

My highly appreciations and heartfelt sense of gratitude are due to His

Excellency U Ohn Myint (Minister, Ministry of Livestock, Fisheries and Rural

Development) for kind permission to carry out this study in Japan. It is my great

pleasure to express thanks to U Myint Than (Director General of Livestock Breeding

and Veterinary Department of Myanmar) for moral support and kind permissions to

carry out this study. | wish to deliver my sincere thanks to rector Professor Dr. Mar

Mar Win (University of Veterinary Science, Yezin, Nay Pyi Taw, Myanmar) for her

invaluable guidance in conducting the experiments, initiation, continuous

encouragement and moral supports during my stay in Japan.

I wish to express my heartfelt thankfulness to all members of Tropical Grassland

laboratory (Mizumachi san, Miyataka san, Yara san, Yuriko san, Nok san, Mi san,

Hidemi san), Faculty of Agriculture, University of the Ryukyus, Okinawa, for

continuous encouragement, enthusiastic cooperation throughout all my experiments,

kindness and hospitality. 1 would like to express my most hearted gratefulness and

appreciation goes to my classmate Dr. Min Aung (UVS, Myanmar) for his genuine

affection, constant help and moral support during my stay in Japan.

139



Finally I would like to express my deepest gratitude to my Dad (U Myint Than),
my Mom (Daw Tin Yi), my loving sisters, my loving nieces and nephews, who always
encourage me to achieve my goals and cheer me up, for their trust, patience and support.
This Doctoral Thesis is concluded at the United Graduate School of Agricultural

Science, Kagoshima University.

YIN YIN KYAWT

oodoopeop.

140



References

AOAC. 1985. Official Methods of Analysis, 14th ed. Association of Official Analytical

Chemists, Washington, DC.

Adebayo-Oyetoro A. O., Olatidoye O. P., Ogundipe O. O., Balogun I. O. and Apara T.

0. 2012. Effect of local cassava fermentation methods on functional, pasting and

sensory properties of Lafun. Continental J. Agric. Sci. 6: 1-8.

Aderemi F. A., Adenowo T. K. and Oguntunji A. O. 2012. Effect of whole cassava meal

on performance and egg quality characteristics of layers. J. Agric. Sci. 4:

195-200.

Adewusi S. R. A. and Bradbury J. H. 1993. Carotenoids in cassava: Comparison of

open-column and HPLC methods of analysis. J. Sci. Food Agric. 62: 375-383.

Adeyemo I. A., Sani A. and Aderibigbe T. A. 2013. Growth performance and nutrient

retention of broiler chickens fed Aspergillus niger hydrolysed cassava peel

based diet. American J. Res. Communication. 7: 294-306.

Ahaotu I., Ogueke C. C., Owuamanam C. I., Ahaotu N. N. and Nwosu J. N. 2013.

Fermentation of under watered cassava pulp by linamarase producing

microorganisms: effect on nutritional composition and residual cyanide.

141



American J. Food and Nutr. 3: 1-8.

Aina A. B. J. and Fanimo A. O. 1997. Substitution of maize with cassava and sweet

potato meal as the energy source in the rations of layer birds. Pertanika J.

Tropical Agric. Sci. 20: 163-167.

Almodares A., Jafarinia M. and Hadi M. R. 2009. The effects of nitrogen fertilizer on

chemical compositions in corn and sweet sorghum. American-Eurasian J. Agric.

Environ. Sci. 6: 441-446.

Alves A. A. C. 2002. Cassava botany and physiology. In Cassava: Biology, production

and utilization. (Eds. R.J. Hillocks, J.M. Thresh and A.C. Bellotti). CABI

Publishing. UK. pp. 67-89.

Ampe F., Brauman A., Treche S. and Agossou A. 1994. Cassava retting: Optimisation

of a traditional fermentation by an experimental research methodology. J. Sci.

Food Agric. 65: 355-361.

Ampe F., Keleke S., Robert H. and Brauman A. 1995. The role and origin of pectin

degrading enzymes during cassava retting. In Transformation alimentary du-

manioc/cassava food processing, (Eds. T. Agbor Egbe, A. Brauman, D. Griffon

and S. Treche). pp. 331-344.

Anaeto M. and Adighibe L. C. 2011. Cassava root meal as substitute for maize in layers

142



ration. Brazilian J. Poult. Sci. 13: 153-156.

Anthony V. P. 2009. Utilization of low-grade cassava meal (gari) in the diets of egg
type chicks (0-8 weeks). Pakistan J. Nutr. 8: 39-41.

Ayoola O. T. and Makinde E. A. 2007. Fertilizer treatment effects on performance of
cassava under two planting patterns in a cassava-based cropping system in South
West Nigeria. Res. J. Agric. Biol. Sci. 3: 13-20.

Bailey D. and Chen J. N. 1989. Chromatographic analyses of xanthophylls in egg yolks

from laying hens fed Turf Bermudagrass (Cynodon dactylon) meal. J. Food Sci.
54: 584-586.

Balagopalan C. 2002. Cassava utilization in food, feed and industry. In Cassava:
Biology, production and utilization. (Eds. R.J. Hillocks, J.M. Thresh and A.C.
Bellotti). CABI Publishing. UK. pp. 301-318.

Balagopalan C., Padmaja G., Nanda S. and Morth S. 1988. Cassava in food, feed and
industry. CRC Press, Boca Raton FL. pp. 25-30.

Bamgbose A. M., Oso A. O., Olayemi W. A., Yewande Ojo., Jegede A. V., Fafiolu A.
O., Sobayo R. A., Kafayat Y. and Taiwo O. 2010. Carcass and sensory
evaluation of indigenous turkey fed indomie noodles waste based diets with or

without enzyme supplementation. Proceeding of the 35™ Annual Conference of

143



Nigerian Society for Animal Production. pp. 840-842.

Bartov I. and Bornstein S. 1980. Studies on egg yolk pigmentation: Effect of ethoxiquin

on xanthophylls within and among genetic sources. Journal of Poultry Science,

50: 1460-1461.

Best R. and Hargrove T. R. 1993. Cassava: The latest facts about an Ancient Crop.

CIAT, Cali, Colombia.

Beynen A. C. 2004. Fatty acid composition of eggs produced by hens fed diets

containing groundnut, soyabean or linseed. NJAS-Wageningen J. Life Sci. 52:

3-10.

Bhatnagar R., Kataria M. and Verna S.V.S. 1996. Effect of dietary Leucaena root meal

on the performance and egg characteristics in white leghorn hens. Indian J. Anim.

Sci. 66: 1291-1294.

Bolhuis G. G. 1954. The toxicity of cassava root. Netherlands J. Agric. Sci. 2: 176-185.

Borin K. 2005. Cassava foliage for monogastric animals. Doctoral Thesis. Swedish

University of Agricultural sciences, Uppsala.

Bradbury J. H. and Denton I. C. 2011. Mild methods of processing cassava leaves to

remove cyanogens and conserve key nutrients. Food Chemistry. 127:

1755-1759.

144



Bradbury J. H., Egan S. V. and Lynch M. J. 1991. Analysis of cyanide in cassava using

acid hydrolysis of cyanogenic glucosides. J. Sci. Food Agric. 55: 277-290.

Bradbury M. G., Egan S. V. and Bradbury J. H. 1999. Picrate paper kits for

determination of total cyanogens in cassava roots and all forms of cyanogens in

cassava products. J. Sci. Food Agr. 79: 593-601.

Bragagnolo N. and Rodriguez-Amaya D. B. 2003. Comparison of the cholesterol

content of Brazilian chicken and quail eggs. J. Food Composit. Anal. 16:

147-153.

Brauman A., Keleke S., Malonga M., Mavoungou O., Ampe F. and Miambi E. 1996.

Cassava lactic fermentation in central Africa: microbiological and biochemical

aspects. In: Cassava flour and starch: Progress in research and development.

(Eds. D. Dufour, GM. O’Brien and R. Best). CIAT, Cali. pp. 197-209.

Brown L., Rosner B., Willett W. W. and Sacks F. M. 1999. Cholesterol-lowering effects

of dietary fiber: a meta-analysis. American J. Clinical Nutr. 69: 30-42.

Bruijn D. 1971. A study of the cyanogenic character of cassava. Meded land bouwhoge

school Wageningen. 71: 1-40.

Buitrago J. A. 2009. Characteristics and management of cassava for animal feeding. In:

The use of cassava roots and leaves for on-farm animal feeding. CIAT. Cali,

145



Colombia. pp. 104.

Bureenok S., Namihira T., Kawamoto Y. and Nakada T. 2005a. Additive effect of
fermented juice of epiphytic lactic acid bacteria (FJLB) on the fermentative
quality of guinea grass (Panicum maximum Jacq.) Silage. J. Jpn. Grassl. Sci. 51:
243-248.

Bureenok S., Namihira T., Tamaki M., Mizumachi S., Kawamoto Y. and Nakada T.
2005b. Fermemtative quality of Guinea grass silage by using fermented juice of
the epiphytic lactic acid bacteria (FILB) as a silage additive. Asian-Aust. J. Anim.
Sci. 18: 807-811.

Burritt E. A. and Provenza F. D. 2000. Role of toxins in intake of varied diets by sheep.
J. Chem. Ecol. 26: 1991-2005.

Cai Y., Benno Y., Ogawa M., Ohmomo S., Kumai S. and Nakase T. 1998. Influence of
Lactobacillus spp. from an inoculant and of Weissela and Leuconostoc spp. from
forage crops on silage fermentation. Appl. Environ. Microbiol. 64: 2982-2987.

Cardoso A. P., Ernesto M., CIiff J., Egan S. V. and Bradbury J. H. 1998. Cyanogenic
potential of cassava flour: field trial in Mozambique of a simple kit. Int. J. Food
Sci. Nutr.49: 93-99.

Cardoso A. P., Mirione E., Ernesto M., Massaza F., Cliff J., Haque M. R. and Bradbury

146



J. H. 2005. Processing of cassava roots to remove cyanogens. J. Food Composit.

Anal. 18: 451-460.

Carpintero M. C., Holding A. J. and McDonald P. 1969. Fermentation studies on

leucaena. J. Sci. Food Agric. 20: 677-681.

Chauynarong N., Elangovan A. V. and lji P. A. 2009. The potential of cassava

products in diets for poultry. World’s Poult. Sci. J. 65: 23-35.

Chiwona-Karltun L., Brimer L., Saka J. D. K., Mhone A. R., Mkumbira J., Johansson L.,

Bokanga M., Mahungu N. M. and Rosling H. 2004. Bitter taste in cassava roots

correlates with cyanogenic glucoside levels. J. Sci. Food Agric. 84: 581-590.

Cock J. H. 1985. Cassava new potentials for a neglected crop. Colorado, USA: Praeger.

Cock J. H., Franklin D., Sandoval G. and Juri P. 1979. The ideal cassava plant for

maximum yield. Crop Sci. 19: 271-279.

Conn E. E. 1979. Cyanide and cyanogenic glycosides. In: Herbivores: Their interaction

with secondary plant metabolites. (Eds. G.A. Rosenthal and D.H. Janzen).

Academic Press, Inc., New York-London. pp. 387-412.

Cooke R. D. 1979. Enzymatic assay for determining the cyanide content of cassava and

cassava products. (Eds. T. Brekelbaum and G. Gomez). Cassava Information

Center. Cali, Columbia Series 05EC-6. pp. 14.

147



Coursey D. G. and Haynes P. H. 1970. Root crops and their potential as food in the
Tropics. World Crops. 261-265.

Daeschel M. A., Anderson R. E. and Fleming H. P. 1987. Microbial ecology of
fermenting plant material. FEMS Microbiol. Reviews. 46: 357-367.

Danner H., Holzer M., Mayrhuber E. and Braun R. 2003. Acetic acid increases stability
of silage under aerobic condition of sugars and related substances. Analy.
Chemist. 28: 350-356.

De Pinho E. Z., Costa C., Arrigoni M. D. B., Silveira A. C., Padovani C. R. and de
Pinho S. Z. 2004. Fermentation and nutritive value of silage and hay made from
the aerial part of cassava (Manihot esculenta, Crantz). J. Sci. Agric. (Piracicaba,
Braz.). 61: 364-370.

El Bagir N. M., Hama A. Y., Hamed R. M., Rahim El A. G. A. and Beynen A. C. 2006.
Lipid composition of egg yolk and serum in laying hens fed diets containing
black cumin (Nigella sativa). Int. J. Poult. Sci. 5: 574-578.

Eggum B. O. 1970. The protein quality of cassava leaves. British J. Nutr. 24: 761-786.

Emmanuel O. A., Clement A., Agnes S. B., Chiwona-Karltun L. and Drinah B. N.
2012. Chemical composition and cyanogenic potential of traditional and high

yielding CMD resistant cassava (Manihot esculenta, Crantz) varieties. Int. Food

148



Res. J. 19: 175-181.

Enriquez F. Q. and Ross E. 1967. The value of cassava root meal for chicks. J. Poult.

Sci. 46: 622-626.

Eruvbetine D., Tajudeen I. D., Adeosun A. T. and Oloyede A. A. 2003. Cassava

(Manihot esculenta, Crantz) leaf and tuber concentrate in diets for broiler

chickens. Bioresource Technol. J. 86: 277-281.

Essien A. I. 1990. Egg quality traits and their relationships as affected by storage

method and duration of storage in the humid wet climate. Beitr. Trop.

Landwitsch. Vet. medicine. 28: 345-353.

Etonihu A. C., Olajubu O., Ekanem E. O. and Bako S. S. 2011. Titrimetric evaluation of

cyanogens in parts of some Nigerian cassava species. Pakistan J. Nutr. 10:

260-263.

FAO. 1990. Roots, tubers, plantains and bananas in human nutrition. FAO, Rome, Italy.

Fisher C. and Boorman K. N. 1986. Nutrient requirement of poultry and nutritional

research: British Poultry Science. Symposium 19, Butterworths, London.

Garcia M. and Dale N. 1999. Cassava root meal for poultry. Appl. Poultry Sci. 8:

132-137.

Gomez G. 1991. Use of cassava products in pigs feeding. Pigs News and Information.

149



12: 387-390.

Gomez G. and M. Valdivieso. 1984. Cassava for animal feeding: Effect of variety and

plant age on production of leaves and roots. Anim. Feed Sci. Technol. 11:

49-55.

Gomez G. and Valdivieso M. 1985. Cassava foliage: Chemical composition, cyanide

content and effect of drying on cyanide elimination. J. Sci. Food Agric. 36:

433-441.

Gomez G., Valdivieso M., De La Cuesta D. and Salcedo T. S. 1984. Effect of variety

and plant age on the cyanide content of whole root cassava chips and its

reduction by sun-drying. Anim. Feed Sci. Technol. 11: 57-65.

Gomez J. C., Howeler R. H. and Webber E. J. 1980. Cassava production in low fertility

soils. In: Cassava cultural practices (Eds. M.J.C. Toro and M. Graham). Bowker

Publ. Co. Ltd., Epping. U.K.

Grobas S., Mendez J., Lazaro R., De Blas C. and Mateo G. G. 2001. Influence of source

and percentage of fat added to diet on performance and fatty acid composition of

egg yolks of two strains of laying hens. J. Poult. Sci. 80: 1171-1179.

Hammershoj M. and Steenfeldt S. 2005. Effect of blue lupin (Lupinus angustifolius) in

organic layer diets and supplementation with foraging material on layer

150



performance and some egg quality parameters. J. Poult. Sci. 84: 723-733.

Hang D. T. 1998. Digestibility and nitrogen retention in fattening pigs fed different

levels of ensiled cassava leaf as a protein source and ensiled cassava root as

energy source. Livest. Res. Rural Dev., 10.

Hang D. T. and Preston T. 2005. The effects of simple processing methods of cassava

leaves on HCN content and intake by growing pigs. Livest. Res. Rural Dev. 17

(109).

Haque M. R. and Bradbury J. H. 2002. Total cyanide determination of plants and foods

using the picrate and acid hydrolysis methods. Food Chemistry, 77: 107-114.

Haugh R. R. 1937. The Haugh units for measuring egg quality. U.S. Egg poultry

management. 43: 552-555.

Hong N. T. T., Wanapat M., Wachirapakorn C., Pakdee P. and Rowlinson P. 2003.

Effects of timing of initial cutting and subsequent cutting on yields and

chemical compositions of cassava hay and its supplementation on lactating

dairy cows. Asian-Aust. J. Anim. Sci. 16: 1763-1769.

Howeler R. H. 1985. Potassium nutrition of cassava. In: Proceedings of the international

symposium on potassium in agriculture, Atlanta, madison, Wisconsin. pp.

819-841.

151



Howeler R. H. 1991. Long term effects of cassava cultivation on soil productivity. Field
Crop Res. 26: 1-18.

Howeler R. H. 2002. Cassava mineral nutrition and fertilization. In Cassava: Biology,
production and utilization. (Eds. R.J. Hillocks, J.M. Thresh and A.C. Bellotti).
CABI Publishing. UK.

Htun. 1990. Cassava Production, Processing, Utilization and Research in Myanmar. In:
Cassava breeding, Agronomy and Utilization Research in Asia. (Ed. R.H.
Howeler). Bangkok, Thailand. pp. 124-143.

Hue K. T., Van D. T. T., Ledin I., Wredle E. and Sporndly E. 2012. Effect of harvesting
frequency, variety and leaf maturity on nutrient composition, hydrogen cyanide
content and cassava foliage yield. Asian-Aust. J. Anim. Sci. 25: 1691-1700.

IITA (International Institute of Tropical Agriculture). 1990. Cassava in tropical Africa.

Reference Manual, IITA, Ibadan, Nigeria.

ljaiya A. T., Fasanya O. O. A. and Ayanwale A. B. 2002. Reproductive performance of
breeding does fed maize and fermented cassava peel meal. In: Proceeding of 27"
Annual Conference, Nigeria Society for Animal Production (NSAP). pp.

249-252.

152



Jalloh A. 1998. Cassava plant population and leaf harvesting effects on the productivity
of cassava-rice intercrop on the upland in Sierra Leone. Trop. Agri. (Trinidad
and Tabago). 75: 67-71.
Jansson C., Westerbergh A., Zhang J., Hu X. and Sun C. 2009. Cassava, a potential
biofuel crop in (the) People’s Republic of China. Applied Energy. 86. Supplement
1: S95-599.

JGFFSA. 1994. Guide Book for Quality Evaluation of Forage. Japan Grassland Farming
Forage Seed Association. Japanese Society of Grassland Science, Tokyo, Japan.

Jiang Z. and Sim J. S. 1991. Egg cholesterol values in relation to the age of laying hens
and to egg and yolk weights. J. Poult. Sci. 70: 1838-1841.

Kalenga Saka J. D. and Nyirenda K. K. 2012. Effect of two ethnic processing
technologies on reduction and composition of total and non-glucosidic
cyanogens in cassava. Food. Chemist. 130: 605-609.

Khajarern S. and Khajarern J. M. 1992. Use of cassava products in poultry feeding.
Proceedings of roots, tubers, plantains and bananas in animal feeding. FAO.
Rome.

Kim H. 1999. Cassava cultivars selection results: Cassava variety KM98-1. IAS The 8"

cassava workshop proceeding, HCM city, Mar., 1999. pp. 62-78.

153



King N. L. R. and Bradbury J. H. 1995. Bitterness of cassava: identification of new

apiosyl glycoside and other compounds that affect its bitter taste. J. Sci. Food

Agric. 68: 223-230.

Kobawila S. C., Louembe D., Keleke S., Hounhouigan J. and Gamba C. 2005.

Production of the cyanide content during fermentation of cassava roots and

leaves to produce bikedi and ntoba mbodi, two food products from Congo.

African J. Biotechnol. 4: 689-696.

Kozaki M., Uchimura T. and Okada S. 1992. Experimental manual of lactic acid

bacteria. Tokyo: Asakurasyoten. pp. 29-72.

Limon R. L. 1991. Ensilage of cassava products and their use as animal feed. In: Roots,

Tubers, Plantains, and Bananas in Animal Feeding. Animal Production Health

Paper, FAO, Rome, 95: 99-110.

Lin C., Bolsen K. K., Brent B. E. and Fung D. Y. C. 1992. Epiphytic lactic acid

bacteria succession during the pre-ensiling and ensiling periods of alfalfa and

maize. J. Appl. Bacteriol. 73: 375-387.

Lindgren S. E., Axelsson L. T. and Mcfeeters R. F. 1990. Anaerobic L-lactate

degradation by Lactobacillus Plantarum. FEMS Microbiol. Lett. 66: 209-214.

Lockard R. G., Saqui M. A. and Wounuah D. D. 1985. Effects of time and frequency of

154



leaf harvest on growth and yield of cassava (Manihot esculenta, Crantz) in
Liberia. Field Crops Res. 12: 175-180.
Mahmud K., Ahmad I. and Ayub M. 2003. Effect of nitrogen and phosphorus on the
fodder yield and quality of two sorghum cultivars (Sorghum bicolor L.). Int. J.
Agric. Biol. 5: 61-63.
Makame M., Akoroda M. and Hahn S. K. 1987. Effect of reciprocal stem grafts on
cyanide translocation in cassava. J. Agric. Sci. 109: 605-608.

Man N. V. and Wiktorsson H. 2001. Cassava tops ensiled with or without molasses as
additive effects on quality, feed intake and digestibility by heifers. Asian-Aust. J.
Anim. Sci. 14: 624-630.

McDonald P., Henderson A. R. and Heron S. J. E. 1991. The biochemistry of silage. 2™
Ed. Chalombe Publications, Marlow, England.

Mehdi S. M., Sarfraz M. and Hafeez M. 2007. Response of rice advance line PB-95 to
potassium application in saline-sodic soil. Pakistan J. Biol. Sci. 10: 2935-2939.

Meyrelles L., MacLeod N. A. and Preston T. R. 1977. Cassava forage as a source of

protein: Effect of population density and age of cutting. Trop. Anim. Prod. 2:
18-26.

Mlingi N., Poulter N. H. and Rosling H. 1992. An outbreak of acute intoxications from

155



consumption of insufficiently processed cassava in Tanzania. Nutr. Res. 12:

677-687.

Molina J. L. and El-Sharkawy M. A. 1995. Increasing crop productivity in cassava by

fertilizing production of planting material. Field Crop Res. 44: 151-157.

Moore C. P. and Cock J. H. 1985. Cassava foliage silage as feed source for Zebu calves

in the tropics. Trop. Agric. 62: 142-144.

Mosier A. R., Syers J. K. and Freney J. R. 2004. Nitrogen fertilizer: an essential

component of increased food, feed and fiber production. In: Agriculture and the

Nitrogen cycle. Assessing the impacts of fertilizer use on food production and the

environment. (Eds. A.R. Mosier, J.K. Syers and J.R. Freney). Scope, island press.

Washington DC. 65: 3-15.

Muller Z., Chou K. C. and Nah K. C. 1974. Cassava as a total substitute for cereals in

livestock and poultry rations. In: proceedings of tropical products institutes

conference. pp. 85-95.

Myanmar Statistical Year Book. 2011. Ministry of National Planning and Economic

Development. The Republic of the Union of Myanmar.

Nambisan B. and Sundaresan S. 1985. Effect of processing on the cyanoglucoside

content of cassava. J. Sci. Food Agric. 36: 1197-1203.

156



Nikolova N. and Kocevski D. 2006. Forming egg shape index as influenced by ambient
temperatures and age of hens. Biotechnology in Animal Husbandry. 22: 119-125.

NRC. 1994. Nutrient requirements of poultry. National Academy Press. Washington,
DC. (9" Revised Ed), pp. 19-34.

Nyirenda D. B., Chiwona-Karltun L., Chitundu M., Haggblade S. and Brimer L. 2011.
Chemical safety of cassava products in regions adopting cassava production and
processing- Experience from Southern Africa. Food Chem. Toxicol. 49:
607-612.

Obigbesan G. O. 1973. The influence of potassium nutrition on the yield and chemical
composition of some tropical root and tuber crops. In: Potassium in Tropical
Crops and Soils. 10™ Colloquium International Potash Institute, Bern. pp.
311-322.

Ogbo F. C. 2006. Assessment of some locally developed technologies for shortening the

retting time of cassava. Africa J. Biotechnol. 5: 775-777.

Okeke J. E. 1980 Studies in the use of cassava products in poultry feeds. National Root
Crops Research Institute's Annual Report. Umudike, Nigeria. pp. 42-43

Okigbo B. N. 1980. Nutritional implications of projects giving high priority to the

production of staples of low nutritive quality. In the case for cassava (Manihot

157



esculenta, Crantz) in the humid tropics of West Africa. Food Nutr. Bullentin. 2:

1-10.

Okolie P. N. and Ugochukwu E. N. 1998. Changes in activities of cell wall degrading

enzymes during fermentation of cassava (Manihot esculenta, Crantz). J. Sci.

Food Agric. 4: 51-61.

Okpara D. A., Agoha U. S. and Iroegbu M. 2010. Response of cassava variety

TMS/98/0505 to potassium fertilization and time of harvest in South Eastern

Nigeria. Nigeria Agric. J. 41.

Oladunjoye I. O., Ojebiyi O. O. and Amao O. A. 2010. Effect of feeding processed

cassava (Manihot esculenta, Crantz) peel meal based diet on the performance

characteristics, egg quality and blood profile of laying chicken. J. Agric. Tropic

and Sub-tropics. 43: 119-126.

Onwueme I. C. and Charles W. B. 1994. Harvesting, storage and utilization of cassava.

In: Tropical root and tuber crops. Production, perspectives and future prospects.

FAOQ Plant production and protection paper, 126. pp. 139-161. Rome.

Onyimonyi A. E. and Ugwu S. O. C. 2007. Bioeconomic indices of broiler chicks fed

varying ratios of cassava peel/bovine blood. Int. J. Poult. Sci. 6: 318-321.

Oruwari B. M., Anibo A. O. and Nkanta D. M. 2003. Effect of replacing maize with

158



cassava/brewers dried yeast blend cassava yeast on performance of broiler

chicks and feed cost in Southern Nigeria. Nigeria J. Anim. Prod. 30: 168-178.

Osei S. A. and Twumasi I. K. 1989. Effects of oven-dried cassava peel meal on the

performance and carcass characteristics of broiler chickens. Anim. Feed Sci.

Technol. 24: 247-252.

Osei S. A., Asiamah M. and Atuahene C. C. 1990. Effects of fermented cassava peel

meal on the performance of layers. Anim. Feed Sci. Technol. 29: 295-301.

Oyenuga V. A. 1961. Nutritive value of cereal and cassava diets for growing and

fattening pigs in Nigeria. British J. Nutr. 15: 327-338.

Oyewole O. B. and Afolami O. A. 2001. Quality and preference of different cassava

varieties for Lafun production. J. Food Technol. Africa. 6: 27-29.

O’Brien G. M., Mbome L., Taylor A. J. and Poulter N. H. 1992. Variation of cyanogens

content of cassava during village processing in Cameroon. Fd. Chem. 44:

131-136.

Panigrahi S. A. 1996. Review of the potential for using cassava root meal in poultry

diets. Tropical tuber crops: problems prospects and future strategies. pp:

416-428.

Parkes E. Y., Allotey D. F. K., Lotsu E. and Akuffo E. A. 2012. Yield performance of

159



five cassava genotypes under different fertilizer rates. Int. J. Agric. Sci. 2:
173-177.

Patrick H. and Schaible P. J. 1980. Poultry: Feed and Nutrition. AVI Publishing Co. Inc.
West Port Connecticut.

Peech M., Cowan R. L. and Baker J. H. 1962. A critical study of the
BaCl,-triethanolamine and the Ammonium acetate methods for determining the
exchangeable hydrogen content of soils. Soil Sci. Society American J. 26: 37-40.

Peter K. B. and Birger L. M. 2002. Dhurrin synthesis in sorghum is related at the
transcriptional level and induced by nitrogen fertilization in order plants. J. plant
physiol. 129: 1222-1231.

Phengvichith V. and Ledin I. 2007. Effect of a diet high in energy and protein on
growth, carcase characteristics and parasite resistance in goats. Trop. Anim.
Health Prod. 39: 59-70.

Phengvilaysouk A. and Wanapat M. 2008. Study on the effect of harvesting frequency
on cassava foliage for cassava hay production and its nutritive value. Livest.
Res. Rural Dev. 20.

Powrie W. D. 1977. Chemistry of eggs and egg product. In: Egg Science and

Technology, 2" Ed. (Eds. W.J. Stadelman and O.J. Cotterill). AVI Publication

160



Co., Inc., Westport, C.T. pp. 65-91.

Prime Minister’s Office. 1970. Explanation of Standards relating to the care and

management of industrial animal. GYOSEI corporation, Tokyo, pp. 1-105.

Putthacharoen S., Howeler R. H., Jantawat S. and Vichukit V. 1998. Nutrient uptake

and soil erosion losses in cassava and six other crops in a Psamment in eastern

Thailand. Field Crops Res. 57: 113-126.

Rajasekher R. A., Ravinder R. V., Parthasarathy R. P., Gurava R. K., Belum V. S. and

Saleque A. 2000. Scaling-up: The BRAC Poultry model in Bangladesh. Final

report.

Ravindran G. and Ravindran V. 1988. Changes in the nutritional composition of the

cassava (Manihot esculenta, Crantz) leaves during maturity. Food Chemist. 27:

299-300.

Ravindran V. 1991. Preparation of cassava leaf products and their use as animal feed.

Roots, Tubers, Plantains, and Bananas in Animal Feeding. Anim. Production

Health Paper, FAO. Rome. 95: 81-98.

Ravindran V. 1992. Preparation of cassava leaf products and their use in animal feeding.

In: Roots, tubers, plantains and bananas in animal feeding. (Eds. D.H. Machin

and S. Nyvold). FAO Animal Production and Health paper. 95: 111-126.

161



Ravindran V. 1993. Cassava leaves as animal feed: Potential and limitations. J. Sci.

Food Agric. 61: 141-150.

Ravindran V., Kormegay E. T., Rajaguru A. S. B., Potter L. M. and Cherry J. A. 1986.

Cassava leaf meal as replacement for coconut oil meal in broiler diets. Poult. Sci.

65: 1720-1727.

Ravindran V., Kornegay E. T., Webb K. E. and Rajaguru A. S. B. 1982. Nutrient

characterization of some feedstuffs of Sri Lanka. J. National Agric. Society.

Ceylon, 19: 19-32.

Ravindran V., Kornegay. E. T., Rajaguru A. S. B. and Notter D. R. 1987. Cassava leaf

meal as replacement for coconut oil meal in pig diet. J. Sci. Food Agric. 41:

45-53.

Reeds W. R., Sathe S. K. and Salunkhe D. K. 1982. Phytates in legumes and cereals.

Adv. Food Nutr. Res. 28: 1-9.

Rickard J. E. 1985. Physiological deterioration of cassava roots. J. Sci. Food Agric. 36:

167-176.

Roberts J. R. 2004. Factors affecting egg internal quality and egg shell quality in laying

hens. J. Poult. Sci. 41: 161-177.

Rogers D. J. and Milner M. 1963. Amino acid profile of manioc leaf protein in relation

162



to nutritive value. Economic Botany. 17: 211-216.

Romanoff A. L. and Romanoff A. J. 1949. The avian egg. John Wiley and Sons Co.,

New York.

Rose S. P. 2005. Principles of poultry science. CAB International, Wallingford, UK.

Ross E. and Enriquez F. Q. 1969. The nutritive value of cassava leaf meal. Poult. Sci.

48: 846-853.

Sarfo E. Y., Ofori F. and Dennis E. A. 1998. Report of the Sub-Committee on fertilizer

use for the national agricultural research programme (NARP). Accra. Ghana.

Seng S. and Rodriguez L. 2001. Foliage from cassava, flemingia macrophylla and

banana compared with grasses as forage sources for goats: effects on growth rate

and intestinal nematodes. Livest. Res. Rural Dev. 13.

Sher A., Ansar M., Hassan F. U., Shabbir G. and Malik M. A. 2012. Hydrocyanic acid

content variation amongst sorghum cultivars grown with varying seed rates and

nitrogen levels. Int. J. Agric. Biol. 14: 720-726.

Siritunga D., Arias-Garzon D., White W. and Sayre R. T. 2004. Over expression of

hydroxynitrile lyase in transgenic cassava roots accelearates cyanogenesis and

food detoxification. Plant Biotechnol. J. 2: 37-43.

SPSS. 2007. Statistical Package for the Social Science. Version 16.0. SPSS Inc. United

163



State of America.

Stanton T. L. and Whittier J. 2006. Prussic Acid Poisoning. Colorado State University,

Colorado.

Stevenson M. H. 1984. The nutritional value of cassava root meal in laying hen diets. J.

Sci. Food Agric. 35: 36-40.

Stevenson M. H. and Jackson N. 1983. The nutritional value of dried cassava root meal

in broiler diets. J. Sci. Food Agric. 34: 1361-1367.

Story J. A. and Furumoto E. J. 1990. Dietary fiber and bile acid metabolism. In: Dietary

fiber chemistry, physiology and health effects (Eds. D. Kritchevsky, C. Bonfield

and J.W. Anderson). Plenum Press, New York. pp. 339-363.

Sundaresan S., Nambisan B. and Easwari A. 1987. Bitterness in cassava in relation to

cyanoglucoside content. Indian J. Agric. Sci. 57: 37-40.

Surai P. F., Speake B. K. and Sparks N. H. C. 2001. Carotenoids in avian nutrition and

embryonic development: Absorption, availability and levels in plasma and egg

yolk. J. Poult. Sci. 38: 1-27.

Takemasa M. 2001. Shinpen Dobutsu Eiyo Shikenho Ishibashi A. Yokendo. Tokyo,

Japan. (Jpn). pp. 174-197.

Tamada J., Yokota H., Ohshima M. and Tamaki M. 1999. Effect of additives, storage

164



temperature and regional difference of ensiling on the fermentation quality of
napiergrass (Penisetum purpureum Schum.) silage. Asian-Aust. J. Anim. Sci.
12: 28-35.

Tewe O. O. 1991. Detoxification of cassava products and effects of residual toxins on
consuming animals. Feeding proceedings, the FAO expert consultation held in
CIAT, Cal Columbia (Eds. D. Machin and S. Nyold). pp. 21-25.

Tewe O. O. 1994. Indices of cassava safety for livestock feeding: Being paper in
International ACTA Horticulture workshop on cassava safety. International
Institute of Tropical Agriculture. Ibadan. pp. 241-248.

Tewe O. O. 2004. Cassava for livestock feed in Sub-Saharan African. Plant production
and protection division, Food and Agricultural Organization. Rome. Italy.

Tion M. A. and Adeka I. 2000. The evaluation of cassava root meal as a replacement for
maize in broiler diet. In Proc. 25" Annual Nigerian Society for animal
production conference. pp. 113-116.

Truog E. 1930. The determination of readily available phosphorus in soils. American

Society Agrono. 22: 874-882.
Uchegbu M. C. 2005. Combinations of brewer’s grains, jackbean and cassava root

meals as major energy sources for poultry. Ph.D Thesis, Department of Animal

165



Science, Federal University of Technology Owerri.

Uwah D. F., Effa E. B., Ekpenyong L. E. and Akpan I. E. 2013. Cassava (Manihot
esculenta, Crantz) performance as influenced by nitrogen and potassium
fertilizers in Uyo, Nigeria. J. Anim. Plant Sci. 23: 550-555.

Vasconcelos A. T., Twiddy D. R., Wesstby A. and Reilly P. J. A. 1990. Detoxification

of cassava during gari preparation. Int. J. Food Sci. Technol. 25: 198-203.

Vetter J. 2000. Plant cyanogenic glycosides. Toxicon. 38: 11-36.

Wanapat M. 2002. The role of cassava hay as animal feed. Cassava research and
development in Asia: Exploring new opportunities for an ancient crop.
Proceeding of the seventh regional workshop held in Bangkok, Thailand.

Wanapat M., Pimpa O., Petlum A. and Boontao U. 1997. Cassava hay: A new strategic
feed for ruminants during the dry season. Livestock Research for Rural
Development. 9.

Weiss F. G. and Scott M. L. 1979. Effects of dietary fiber, fat and total energy upon
plasma cholesterol and other parameters in chicken. J. Nutr. 109: 693-701.

White W. L. B., Arias-Garzon D. I., McMahon J. M. and Sayre R. T. 1998.
Cyanogenesis in Cassava. Plant Physiol. 116: 1219-1225.

Woolford M. K. 1984. The silage fermentation. Marcel Dekker, Inc., New York. pp. 38.

166



Worthington V. 2001. Nutritional quality of organic versus conventional fruits,

vegetables and grains. J. Alternative and Complementary Med. 7: 161-173.

Yeoh H. H. and Chew M. Y. 1976. Protein content and amino acid composition of

cassava leaf. J. Phytochemist. 15: 1597-1599.

Zhao D., Reddy K. R., Kakani V. G. and Reddy V. R. 2005. Nitrogen deficiency effects

on plant growth, leaf photosynthesis and hyperspectral reflectance properties of

sorghum. European J. Agrono. 22: 391-403.

167



AWFFE TR, fEH RO N B I BT 6F v A XL IO
R HCNp & EDHEA LN 5381, FEE MR L COEHI 2 7 L
7o
1. Fxo P 2RI ITF DR P T AARRD 7 DEFEFH BB AT D Lok

RIEBLOTHABIZ LD 2R DF /3 (Red #5 L U'White) HFHCNp & & D
IR AR 2Rl L7, ALER RO Red 36 L OWhite R AL D v ¥ SHHHCNp & #1352

IRDKHEZ TR TV, IRIEB KO R B2 O - HCNp I A # 3 R it TR

Il

LEOMEZER Uz, WLBR%Z A8 OHCNpiEi D 31, {2 {ELPET61.8-66.3%, T HLAL
PEC1350.9-51.5% D FEFAZ /R U7z, IR{ELERIC LD SN T LB LD @<, 1215
REfE]1324~48 h Db WD RE IR LTz, 20728, vy SR A2 F Sk

LTHIAS 256, Dk Ebasii M Al OIRIEABE 21T RS,

2. AL —UFRMBIOMNELBRERBROBNN 2 REOF o hy 7
SERIZRITTRE

YA —TFHRNF o P NFERSONTHAR P HCNp & &I KT T A MRETL,
GFECFF 35 LR 1 28 Bk (Fermented juice of epiphytic lactic acid bacteria: FILB) ™
WSINZh AN LT, #72 HDHCNp/AKHED v Y25 TH AL — VAT -7
0, BTEt%14 H B OFILBERINY AL — 1231 HHCNpIRHER L M 25 TR D

VMBEZ R LT2(72.3-84.3%), JTEk#£14 H H ORILBIR Y AL —I 2B T HEERB LW
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BAR OHCNp & £, Red v v /3T25.1-82.3 mg/kg, White=F v /3Tl
18.5-74.0 mg/kgD i L7020, ARV KHEL 72T e, TF vy PSRBT TH
AL —V SRR B LEY pHOAR T EHCNpDARIBER & DO BHRIZ E VIS K 45 = &
WRENT, DI, FXo AL — D OFHMRFICFILBEZIRINT 524 T, HEEH
BOWEMBIORV-2aT7 Dn RIZED RERT AL — V&R CELEE BN,
3. Fry P AAHF T U DOEBRONCEIE LRI E DM DT OfE R EE £
Rt
R (N) EHVT L (K) DR DR A 235 vy P8 KBRS ORI &,
HCNp72 b NZ R BT IC KT TR BE M LTz, T vy X EEB LOULR
HCNp# &3 N50-K,0100 kg/ha D fEEI A CTRBAKVMEZ ~L, FEV T, N50-
K»0250 kg/ha TV Ml & 7e > 7=, SEHELETIN50-K,0100 kg/ha©2930.9 kg/ha, B4R
IV 1EN50-K,0250 kg/haT9474.1 kglhal7eh, MLFIXNIZEB W TENE L&D W
EZ R LTz, B IE DIy, 223 3 L OMEAR @ CPUY & 13X N50-K,0100
kg/haZe & TNINS0-K,0250 kg/had S fEH| & CTRVMEZ RLTZ, ZDOZEND, Fy
TR D2 4R F & i FH 2 =2 D8 .77 HN5B0 kg - Ko0100~250 kgrhas e ZaNFs KO8
Kl O AF DO ThHEE Z DI,
4. Xy P AN"EEOINHERHNEERIUBBONERL I LRSI RIET
2

Fr o P ANZIEDOIHERF N EHEL L OBER T HCNp, HKER 72D NI &
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(CRIT T BA A LT, ZHIA % 3 » H BHDWNE 5 7 A BIZERE kK
HIDULFEZAT N, SOITHATIT 7 7 A B ICHREINHEZ{T->7-(IH3 + FH X BXW
IH5 + FH [X), £7z, ff&INFERFIZ D AL INFET D5 RIX A5 T 7o (FH [X), 22T
DAL R X NZ F6 U T e MU FE IRF L BRAR D I FE A F B THT o7, Fr w3 gE
HCNp & 1% FH X CiRBIRVMEZRL, IH3 + FH X Cich v Ml & 7~ Lz, K HEIY
1T IH5 + FH [XC 3721.7 kg/ha £729, IH3 + FH [X(3209.5 kg/ha):3XL O FH [X
(3426.9 kg/ha)L Lbi# L CTheh MV MEZ R LTz, ZDZEMND, FiffiF1% 5 7 H H Th3X
HEFHEMCR(IHS + FH [X)TIE, SUARIE DO TR K IEZHERF L2 D, 2 IREL
THWEIEZER T LN RETHHES X BT,

5. AR Euay OF ¥y NICE DN RINE O EIRE L IE

W RIE TR

Fyy P ANGAR B L ORARLKED X E TR AT Y a2 — AL
T EAEHE G- 2SR RS O BE DR RS 72 5 NIV 1T RIF B A R LT, vy
I—/L 40% (BEAR 30%+3E%E 10%) (R XICB W TREIIR T =y hAT T 0N ich
RVMEZ RUT, oo P ARRIE I a7 /AR, RV T AL ORFEIREL T, BBk
DBHLINK LT DDt T AR OFGE I REE LTz, ZD72, FRINF
REAER ORI a2 vy PSR TR T 2356, XELOFH T8 HELE
b, SHIZ, Fry T K (10%FB LU 20%)O0F HIZINE 2L AT v— LB

K TIZEIRITHLEE R BT,
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6. HAFEIFRIEFual DX N ICLB52ERBENRINBDOEIRELINE
I RIE TR

Fry P AI—)L (EFEBLOBR) CTHEP Ry Eras 252 2R LIk
G- RN O FEIR AR L IVE I KT B A Rt LT, SR EL TRy /33—
NWAEZRLD Diet 1, Fvy P X=X EL THREEIE 50% (BEAR 40%+3£ 58
10%) , 75% (BEAE 65%+3EZE 10%) I TN 100% (BLAR 90%+3EHE 10%) DEIZE i
Diet1l, MLV ZEHIT T2, FEIFAEIL 75%ETOF ¥ ¥ MK CHERF 52
EATRETH 7243,  100% DR X CIHK F [ Z /R~ LTz,
7. BHEDOELD

ABFFETIE, Fry T FIH EORIREER L7 > TWDIEREBHIR T THLLT
A HCNp B 2RI T 57260, TERIEITINA, BCE RO 78 LI W R K
AWMU AL — DR RE B TR D7 e B L LT 8 24, AL —T
fch B WRBER DM DT, RIS, #5925 ETOREFEFIZ OV TREIL, ~o¥
—/L¥Y), %3 50kg, VT2 100~250kg TEal IR E ST, b {KV HCNp JREE
Ppotz, Eiz, REATT NS RALINFED K22 A B TETIS, H 1500 32 52 IR {7
THIET, HFEOHIRLIFHE T, RbEmW ey B ER LN, Zh
SOFERICESE, FERRLZIRE, 16k, RAAER ChomEHEICL-T,
MR OB A EEN R Oy Eras 2R LT, &GO 523, BRIVEEO I
FEEIVEIZ RIE T B RETL, SRR 30%& 238 10% DR X C @\ E I s & 5
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NT-IVE DGO NT-, F2, FEINAED, Moy 715%ETOREE AfREE LT,

ABFIEDFERING, Ty P AOEBHEIREL TOREMEOHRE BB LI, HIRH

IR E HLL I RTT IR 2 BN S, MY =L OB EREFEE O RAEE AT

RELT DI AL NT,
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