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Abstract
Research efforts have been directed at the use of non- conventional feed ingredients as a means of reducing cost of production. 

Cassava pellets are part of such ingredients. Thus this study aimed at evaluating cassava pellets as an alternative of maize in lactat-
ing goats’ rations. Two experiments were carried out. The first experiment (digestion trial) was carried out on three mature Baladi 
goats’ males to determine the nutritive value of cassava pellets. The experimental rations were designed as to replace clover hay (as 
a basic diet) by either 30% or 50% cassava pellets. The second experiment (feeding trial) was carried out on fifteen lactating Baladi 
goats to study the effects of replacing 50% and 75% of maize in the diet by cassava pellets on milk yield, milk composition, and some 
parameters of rumen fluid and blood plasma. The feeding trial extended from parturition until the end of week 18 of lactation. The 
first trial indicated that the digestibility of crude fiber was significantly decreased; however, the total digestible nutrients (TDN) were 
significantly increased by increasing cassava level in the diet. The nutritive value of cassava pellets in terms of TDN, digestible protein 
(DP), and metabolizable energy (ME) was 83.28%, 1.40%, and 10.86 MJ/kg DM, respectively. The second trial suggested that the daily 
fat corrected milk and the milk constituents were not significantly (p ≥ 0.05) affected by feeding cassava pellets to lactating Baladi 
goats. Also, neither the fermentation parameters of rumen nor the nitrogen metabolites of blood plasma was negatively affected by 
both cassava pellets levels. It was concluded that the use of cassava pellets as a partial replacement for maize in lactating goats’ ra-
tions would not adversely affect milk production.
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Introduction 

In Egypt, due to the increasing cost and shortage of feedstuffs, 
research efforts have been directed at the use of cassava as non 
conventional feed ingredient.

Cassava (Manihot esculenta Crantz) is a shrubby plant cultivat-
ed in all soils. Its tuberous roots have a weight of 1 to 8 kg or more. 
Despite cassava leaves are rich in crude protein ≤ 20%, their high 
content of condensed tannins and hydrogen cyanide (HCN) is an 
important factor responsible for limiting the use of leaves as forage 
[1,2]. However, cyanide in cassava leaves could be reduced by 70% 

after two month of ensiling. It was found that sheep fed cassava 
foliage silage did not show any adverse effects on DM intake, body 
weight gain, as well as health condition [3,4].

At the harvest of cassava tubers, the HCN amount varies from 
harmless to lethal, i.e. from a few mg to 250mg/kg fresh root. Sup-
plementation of fresh cassava pulp (FCP) in the diet of dairy cows 
at three levels: 0, 3.5, and 7.0 kg/h/d had no negative effects on 
milk production. HCN content of FCP was 72.20 ± 1.64 mg/kg DM 
[5]. However, the peeling of the outer skin, chipping, and the sun 
drying of the tubers detoxifies the HCN [1,6,7]. 
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Cassava chips and pellets (dried irregular and cylindrical shape 
of slices, respectively) are the main root products used as energy 
ingredients in ruminant feeds. These products are rich in the non 
fiber carbohydrates (78.6%) that mainly are starch but very poor 
in the crude protein (≤ 2%). The rumen degradation coefficient of 
starch for cassava and wheat was 99.3% and 98.6%, respectively, 
[8-10]. Other cassava root products such as crushed dried whole 
roots [11], cassava bagasse (by product of cassava flour) [12], and 
dried waste of cassava starch extraction [13] have been evaluated 
as substitute of ground corn at different levels in diets for lactating 
cows. The results of milk yield, and milk contents showed that cas-
sava root products diets could be used as a partial replacement of 
corn without any adverse effect on these items compared with the 
control diets. Thus, in this study, cassava pellets replaced different 
proportions of maize in diets for lactating Baladi goats. 

Materials and Methods

The first experiment: Digestion trial

 Three mature Baladi goats’ males of about 28 ± 0.2 kg were 
used along three digestion trials of 21 days each (14 days prelimi-
nary period followed by 7 days’ collection period). Three rations 
were designed as 100% clover hay (CH) (T 1), 70% CH+30% cas-
sava pellets (T 2), and 50% CH + 50% cassava pellets (T 3). The 
cassava pellets were gifted from Thailand. The bucks received their 
maintenance requirements according to [14]. Faeces were quanti-
tatively collected and feed residues, if any, were recorded for each 
animal. The chemical composition of feed ingredients and faeces, 
and HCN acid of cassava pellets were analyzed as described by 
[15]. The metabolizable energy (ME) of the diets was calculated 
as follows: ME= 0.15 digestible organic matter in dry matter% 
(DOMD%) [16]. Chemical composition of the experimental rations 
in the first experiment is shown in table 1. The comparison among 
means was done using Student T test according to [17].

Table 1: chemical composition of the rations used in the digestion trial (g/100g DM)  (1HCN acid (mg/kg DM))

The second experiment: Feeding trial

Animals, dietary groups, sample collection, and chemical anal-
ysis

Fifteen homoparity Baladi does weighed on average 23 ± 0.2 
kg were assigned randomly to three equal groups. All animals re-
ceived diet consisting of 30% clover hay, 45% concentrate feed 
mixture (CFM) and 25% maize, on dry matter basis. The maize was 
partially replaced by cassava pellets as 0, 50, and 75%, in the first, 
second, and third group, respectively. The feed ingredients and 
composition of the formulated rations are represented in table 2. 
The goats were fed twice daily according to [14] requirements and 

water was available ad libitum. The experimental period extended 
from ten days before parturition (as an adaptation period) until 18 
weeks of lactating period.

The goats were milked twice daily and individual milk yields 
were recorded biweekly. Representative samples of milk were 
taken from morning and afternoon milks once every two weeks. 
Milk was analyzed for total solids (TS), fat, protein, and ash by the 
methods of [18], lactose was estimated by the method of [19], solid 
not fat (SNF) was calculated by difference. At the end of feeding 
trial, only three goats of each group were used for rumen and blood 
samples. 

Item
T1 T2 T3

Cassava pellets
100%   hay 70%  hay + 30% pellets 50%  Hay + 50% Pellets

CP

CF

EE

NFE 

Ash

1HCN

14.84

28.74

02.04

38.84

15.54

-

11.00

20.20

01.80

55.00

12.00

-

08.00

15.00

01.60

65.40

10.00

-

01.72

01.50

01.32

90.96

04.50

25.00
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Table 2: Feed ingredients and composition of the experimental rations used in the feeding trial.

Rumen samples were withdrawn by stomach tube before and at 
two, four, and six hours of morning feeding. Samples were strained 
through three layers of gauze and directed to the determination of 
pH value, total volatile fatty acids (TVFA,s) [20], total nitrogen [15], 
and ammonia-nitrogen [21].

Blood samples were taken via the jugular vein in glass tubes 
containing EDTA before and at four hours of morning feeding. The 
plasma was separated by centrifugation and stored at -20oC until 
analysis for total protein, and non protein concentrations [15]. 
True protein was calculated by the difference.

Statistical analysis

Repeated measurements of rumen and blood were analyzed ac-
cording to [17], using the following model: Yijk =µ +Gi + Ak (Gi) +Sj + 
G× S ij +Eijk. Where: Y is the effect of the observation, µ is the overall 
mean, Gi is the effect of group (i= 1,2, and 3), Ak (Gi) is the effect of 
animal k within group i, (error 1), S is the effect of sampling time 
(j= 0,2,4, and 6, for rumen, and = 0, and 4, for blood), G×S is the in-
teraction between group and sampling time, Eikj is the randomized 
error. Differences among means were tested using Tukey test [17]. 
Significance was declared at P ≤ 0.05. 

 Repeated measurements of milk yield and its constituents were 
reduced to pooled mean for each goat before statistical analysis. 
Pooled data were analyzed by ANOVA for a complete random de-
sign using the following model: Yi =µ +Gi +e i. Where: Y is the effect 

of the pooled mean, µ is the overall mean, Gi is the group (i = 1, 2, 
and 3), ei is the residual error. The degrees of freedom were parti-
tioned as treatments=2, error=12. Differences among means were 
tested using Tukey test. Significance was declared at P ≤ 0.05 [17]. 

Results and Discussion

Chemical composition of cassava pellets

 Data of table 1 illustrated that cassava pellets contained low 
levels of CP (1.72%) and CF (1.50%) but had high level of NFE 
(90.96%) on DM basis. The content of hydrocyanic acid (HCN) acid 
was 25 mg/kg DM.

On the basis of the high NFE, and low fiber contents (Table 1), 
cassava pellets could be considered as a concentrate feedstuff of 
high energy density. This consideration might be emphasized by 
the finding that the starch content (61.46%) represented 73.54% 
of the NFE in the cassava meal [22]. The lower content of HCN (25 
mg/kg DM) in the used cassava pellets than that of cassava root 
meal (117 ppm) recorded by [23] could be attributed to that the 
drying process during chipping and pelletizing the cassava roots 
detoxifies a considerable level of HCN. Also, a higher level of HCN 
(79.0 ≤ HCN≤ 138.1 ppm) was recorded for the cassava pulp (81.6% 
moisture) used in the study of [24]. In this respect, it is notable to 
refer to the findings of [25] as follows: a) Feed could be used with-
out cyanide poisoning at level HCN ≤ 600 ppm, b) Feed is poten-
tially toxic and should be fed at restricted rate at 600 ≥ HCN ≤ 1800 

Item G1  0% G 2 50% G 3  75% Maize CFM
Ingredients% : 

Clover hay

CFM 

Maize  

Cassava 

Cassava : maize

Composition %:

CP

EE

CF

NFE 

Ash

30.00

45.00

25.00

00.00

-

13.03

03.13

18.09

56.64

09.11

30.00

45.00

12.50

12.50

1:1

12.00

03.23

16.76

58.89

09.12

30.00

45.00

06.25

18.75

3:1

11.50

02.78

16.09

60.35

09.28

08.20

04.50

12.10

69.00

06.20

14.50

03.08

14.31

60.56

07.55
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ppm, and c) Feed is very toxic and should not be used at level HCN≥ 
1800 ppm. The comparing of the HCN acid level reported here (25 
mg/kg DM) by the lethal dose (2-2.3 mg/kg BW) suggested by [26] 
and by the findings of [25] indicated that the present level is con-
sidered very safe. The good health of the animals throughout the 
present trial emphasized this concept.

The first experiment: The digestion trial 

It could be noticed that the apparent digestibility of OM (P ≤ 
0.05), NFE (P ≤ 0.01), and EE (P ≤ 0.01) were significantly increased 
with increasing cassava level in the diet being highest for the 50% 
level of cassava inclusion. However, cassava pellets significantly (P 
≤ 0.01) decreased the apparent digestibility coefficients of C.F. that 
were 64.6, 46.3, and 42.5% for the first, second, and third treat-
ment, respectively (Table 3).

Data in table 3 also showed that the nutritive values of the ex-
perimental diets expressed in terms of TDN, and ME were signifi-
cantly (P ≤ 0.05) increased with increasing cassava level in the diet 
being highest for the 50% level of cassava inclusion. However, cas-
sava pellets significantly (P ≤ 0.01) decreased the digestible pro-
tein (DP) that was 10.28, 8.33, and 5.67% for 0, 30, and 50% level 
of cassava, respectively. On the basis of the calculated digestibility 
coefficients reported for cassava pellets (Table 3), the nutritive val-
ues expressed in terms of TDN, DP, and ME could be estimated as 
83.28%, 1.40%, and 10.86 MJ/kg DM, respectively (Table 3). 

At the beginning, it should be mentioned that the indirect meth-
od that was applied in this study to determine the apparent digest-
ibility coefficients (ADCs) of cassava constituents depended on the 
assumption that the ADCs of the clover hay constituents were stable 
and that was a reason of brining about of unpractical phenomena 
like the augmentation of the ADC above 100% or the diminution 
below zero (as observed in the unpublished arithmetical coeffi-
cients), so only the physiological coefficients are published here.

The increasing of the OM digestibility, TDN, and ME with in-
creasing the cassava pellets (Table 3) may be due to the reduction 

Item % T1 T2 T3 2SE ± Cassava 3pellets
DC :

DM                   

OM             

CP                 

CF                   

EE                          

NFE

NV:

TDN

DP         
1ME

68.10cb

67.25c

73.29ab

64.63A

43.92C

69.24C

50.65c

10.28A

08.52c

72.04ab

73.11b

75.69a

46.27B

54.03B

83.19AB

64.01ab

08.33B

09.65ab

76.54a

78.35a

70.90cb

42.48BC

62.33A

87.85A

70.49a

05.67C

10.58a

02.5

02.1

02.7

04.6

12.4

01.6

08.6

02.8

01.9

82.84

86.34

74.50

00.00

97.22

87.55

83.28

01.40

10.86

Table 3: Effect of replacing 0 (T1), 30 (T2), and 50% (T3) of clover hay by cassava pellets on 
digestion coefficients (DC)and nutritive values (NV)

(Notes, (a, b, c), and (A, B, C) Different superscripts in the same row differ significantly at (p<.05) and (p<.01), respectively,   

1ME=Metabolizable Energy (MJ/kg DM), 2SE, standard error of means (n=3), 3Calculated values)
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of ash content as the level of cassava pellets increased (Table 1).The 
decreasing of the CF digestibility and the increasing of the NFE di-
gestibility with increasing the cassava pellets may be explained on 
the basis that cassava pellets contained high level of non structural 
carbohydrates (NFE) (90.96%) and low level of structural carbohy-
drates (C.F) (1.5%) (Table 1), therefore, bacteria attack the simpler 
carbohydrates by preference. Moreover, the undigested cellulose of 
hay surrounding the fat may serve as a barrier against digestive 
action, so, with increasing cassava proportion, the EE digestibility 
was increased as shown in table 3. The present results agree with 
those of [24,27].

The present nutritive values of cassava pellets expressed as 
TDN (83.28%) and ME (10.86 MJ/kg DM) are in line with those 
reported by [24] who found that the TDN, and ME contents of cas-
sava pulp fed to beef cattle (Bos indicus) were 74.4%, and 11.3 MJ/
kg DM, respectively. However, the nutritive value of cassava pellets 
namely TDN (83.28%) (Table 3) is higher than that of sweet tu-
bers fed to the Egyptian sheep being 27.8% [28]. It might be related 
to DM content that was 91.09 and 29.45% for cassava pellets and 
sweet potato tubers, respectively.

The second experiment: The feeding trial

Effect of cassava pellets on some parameters of rumen fluid 

Data in figure 1 showed that as the level of cassava pellets in-
creased, the values of ruminal pH, total VFA,S, NH3-N, and total pro-
tein N (Figure 1: a, b, c, and d, respectively) were decreased. Only 
the significant (P ≤  0.05) decreasing effect was recorded for the 
cassava pellets on the ruminal NH3-N concentration that was 13.40, 
11.16, and 7.61mg/100 ml for replacing 0, 50, and 75% of maize 
with cassava pellets, respectively. It is notable to point out that the 
pH value was around 5.5 for all the experimental rations. Moreover, 
data in figure (1: a, b, c, and d) indicated that concentrations of ru-
minal pH, TVFA,s, NH3-N, and total protein nitrogen (total N) were 
fluctuated by time of sampling. Data concerned with statistical 
analysis of ruminal fluid parameters (Table 5) showed that effect of 
sampling time was high significant on pH, and significant on TVFA s, 
however, neither NH3-N nor total N was affected by sampling time. 
It should be noticed that no clear interaction effects were noticed 
between sampling times and groups regarding pH, total N, TVFA, s 
and NH3- N (Table 5).

Figure 1a: Effect of replacing 0, 50, and 75% of maize by 
cassava pellets on ruminal pH.

Figure 1b: Effect of replacing 0, 50, and 75% of maize by 
cassava pellets on ruminal TVFA,s.

Figure 1c: Effect of replacing 0, 50, and 75% of maize by 
cassava pellets on ruminal NH3 – N.
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Figure 1d: Effect of replacing 0, 50, and 75% of maize by 
cassava pellets on ruminal total N.

Item G1 0% G2 50% G3 75% 1SE ±
Total protein:  

 0 h

 4 h

 mean

Non protein : 

  0 h

 4 h

 mean

True protein:

  0 h

 4 h

 Mean

6.86

6.35

6.61

0.26

0.23

0.25

6.60

6.13

6.37

7,01

6.81

6.91

0.39

0.18

0.24

6.70

6.63

6.67

7.35

7.25

7.30

0.24

0.16

0.20

7.11

7.09

7.01

.36

.026

.369

 Table 4:   Effect of replacing 0, 50, and 75% of  
maize by cassava pellets on 

blood plasma proteins (g/100ml)

(Note, 1SE, standard error of means (n=6))

S.O.V df
MS                    Of Rumen

Tab.  1Fα.05  pH TVFA NH3N Total N
Total

G

A(G)

S

S×G

E.2

35

2

6

3

6

18

.013

.023

.691**

.031

.032

.709

2.21

8.93*

2.27

2.52

78.4*

12.0

29.3

21.8

36.9

119

283

707

132

686

F2,6 

F3,18

F6,18

S.O.V df
MS of Plasma protein

Tab.  Fα.05Total Non True 
Total

G

A(G)

S

S×G

E.2

17

2

6

1

2

6

.777

.319

.497**

.074*

.011

.004

.010

.027**

.002

.001

.816

.287

.140**

.095**

.001

F2,6

F1,6  

F2,6

 Table 5:   Statistical analysis of rumen and blood parameters

 (* = significant, ** =high significant, and 1F2, 6 (5.14), F3, 18(3.16), F6, 18(3.66), F1, 6 (5.99))
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The non significant decrease of ruminal total N may be related to 
reduction of N intake as the level of cassava pellets was increased. 
The significant decrease in the ruminal NH3- N concentration re-
sulting from cassava pellets inclusion could suggest that N utiliza-
tion was improved (Figure 1: c). This suggestion could be explained 
on the basis of the finding stated that diets rich in readily ferment-
able carbohydrates and containing moderate or large amounts of 
concentrates depressed NH3- N in the rumen [29.30]. The similarity 
shown in figure (1: b) for the TVFA,s concentration may be due to 
similarity in the ratio of concentrate to roughage (C:R) (70:30) for 
all the experimental groups (Table 2). Also, the relatively lower of 
pH value reported here (around 5.5) than normal values (around 
neutral) may be related to the high proportion of C to R intake [31]. 

All parameters of rumen fluid reported here are in line with 
those observed by [32] for dairy cows fed readily fermentable car-
bohydrates. In a study reported by [33], ten goats were assigned in 
a replicated 5×5 Latin square design. All goats received the same 
ratio of R to C (36:64). Ground corn of the concentrate was replaced 
by cassava chips at 0, 25, 50, 75, and 100% for treatments 1,2,3,4, 
and 5, respectively. Values of rumen parameters expressed as pH, 
NH3-N and volatile fatty acids were 6.61, 6,53, 6.57, 6.55, 6.59; 
16.18, 18.82.14.72, 14.72, 14.26 mg/dl; and 75.5, 78.1, 75.0, 79.2 
and 76.3 mmol/L for levels 0, 25,50, 75 and 100%, respectively. 
Only, differences among the 0, 50, and 75% replacement of corn by 
cassava chips were not significant.

It is notable to report that replacement of corn meal by dehy-
drated ground cassava roots at levels 0,25,50,75, and 100% in di-
ets fed to lactating cows had no significant effect on the microbial 
protein synthesis reflecting that both corn and cassava had similar 
potential use by rumen microorganisms [11]. Moreover, the pres-
ent pattern of fermentation parameters across sampling times is in 
line with that observed by [32, 34].

Effect of cassava pellets on some parameters of blood plasma

Inspection data of table 4 indicated that no significant differ-
ences (P ≥ 0.05) were recorded for all studied blood plasma pa-
rameters (total protein, non protein, and true protein) among the 
lactating goats fed on rations containing cassava pellets as 0, 12.5, 
and 18.75% of the total feed ingredients (Table 2). Statistical analy-
sis illustrated that sampling time had high significant effects on all 
parameters of blood plasma, also, indicated that interaction effect 
between sampling times and groups was a remarkable significant, 

non significant, and a high significant for total, non, and true pro-
teins of blood plasma, respectively (Table 5).

 The non significant differences in the blood parameters among 
the three groups (Table 4) confirm that cassava pellets can replace 
up to 75% of the maize of lactating goats’ rations without any ad-
verse effect on blood N metabolites. The means of these param-
eters are in the normal range reported by [35] for healthy goats. 
The present result of plasma total proteins is in line with that re-
ported by [36] who studied the effect of replacing 100% of yellow 
corn by cassava pellets on the performance of lactating buffaloes. 
They did not find a significant difference between corn and cassava 
groups in serum total proteins that were7.68, and 8.24g/100ml, re-
spectively. Moreover, [33] found that blood urea nitrogen was not 
significantly affected by inclusion cassava chips at 0, 25, 50, 75, and 
100% as a replacement for corn in goats’ diet. 

Effect of cassava pellets on milk yield and composition

The effect of replacing 0, 50, and 75% of maize by cassava pel-
lets in the lactating Baladi goats’ rations on milk production is 
shown in table 6. Data showed that both levels of cassava pellets in-
significantly decreased milk production with about the same rate. 
Obviously, the decrease in the daily milk yield (622.46, 522.40, and 
514.0 g/h/d) as cassava level increased was parallel to the corre-
sponding gradual decrease in the dietary protein level being 13.03, 
12.00, and 11.5% for 0, 50, 75% replacement of maize with cassava 
pellets, respectively, (Table 2). Both levels of cassava pellets had no 
significant effect on the milk constituents. 

Item  G1 0% G2 50% G3 75% 1SE ±
Milk yield:     (g/h/d)

4% FCM:       (g/h/d)

Composition  %:   

 Total solids

 Fat

 Protein

 Lactose 

Ash                                                     

622.46

635.53

13.63

04.17

03.79

04.88

00.79

522.40

505.11

13.28

03.78

03.54

04.95

00.79

514.00

521.90

13.74

04.55

03.64

04.73

00.81

2.19

2.69

0.23

0.22

0.14

0.37

0.02

 Table 6:   Effect of replacing 0, 50, and 75% of maize by cassava 
pellets on the milk yield and milk composition

(Note, 1SE=standard error of means (n=45))
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Regarding milk composition, the different levels of cassava pel-
lets did not significantly affect milk constituents (Table 6). The 
present results are in line with those reported by [37] who found 
that yields of actual milk and 4% fat corrected milk (FCM), and 
composition of milk components were not affected by incorporat-
ing tapioca pellets at 0, 6, or 12% of the diet fed to lactating Hol-
stein cows. Moreover, [38] used cassava chips at 9.9 and 19.7% of 
total DMI for lactating cows and found that 3.5% FCM were 14.05, 
and 13.83 kg/h/d, respectively. Furthermore, the present findings 
agree with that reported for dairy cows diets containing dried 
waste of cassava starch extraction at levels 0, 33, and 66% as a par-
tial replacement of ground corn [13]. 

However, the present results disagree with those of [39] who re-
ported that feeds containing cassava chips might gave slightly high-
er milk for a similar intake of diet. They found that milk yield was 
21.14 and 22.27 kg/day and milk fat was 4.13 and 4.04% for lac-
tating cows fed nil and 400g cassava chips per kg compound feed, 
respectively. Also, the present results are not in line with findings of 
Lima., et al. (2015) who suggested that inclusion of cassava bagasse 
up to 15% of total dry matter intake linearly increased milk pro-
duction in dairy cows. Generally, the variable observations among 
the present study, and the others could be due to the cassava pro-
cessing, replacement level, animal type, and the concentrate level.

Conclusion 

It may be concluded that 50 or even 75% of maize could be re-
placed by cassava pellets in the goats’ rations without any adverse 
effects on their milk production, rumen fermentation, or blood N 
metabolites.

Conflict of Interest

The authors confirm that this article content has no conflict of 
interest.

Acknowledgments 

The authors are greatly indebted to the Late Dr. M.A. EL-Ashry, 
Professor of Animal Nutrition, Faculty of Agriculture, Ain Shams 
University, Egypt, and to the Late Dr. F.R. Helal, Professor of Dairy-
ing, Dairy Science Department, National Research Center, Egypt, for 
their generous help and kind assistance throughout the course of 
this work.

1. Grace MR. “Cassava Processing”. FAO Plant Production and 
Protection. Series, No. 3 (1977). 

2. Jess DR., et al. “Condensed Tannins: a factor limiting the use 
of cassava forage”. Journal of Science and Food Agriculture 33 
(1982): 213-220. 

3. Khang DN and Wiktorsson H. “Effects of ensiled cassava tops 
on rumen environment parameters, thyroid gland hormones 
and liver enzymes of cows fed urea-treated fresh rice straw”. 
Asian-Australasian Journal of Animal Sciences 17 (2004a): 
936-941.

4. Dang HL., et al. “Effect of replacing alfalfa hay with a mixture of 
cassava foliage silage and sweet potato vine silage on ruminal 
and intestinal digestion in sheep”. Animal Science Journal 89 
(2018): 386-396.

5. Srisaikham S., et al. “Effects of dietary levels of fresh cassava 
pulp in dairy cattle diet on productive performance and keep-
ing quality of raw milk”. Songklanakarin Journal of Science and 
Technology 40 (2018): 278-289. 

6. Onwueme IC. “The Tropical Tuber Crops: yams, cassava, sweet 
potato and cocoyam”. English Language Book. Society and 
John Willey Sons, Britain. (1978).

7. Montagnac JA., et al. “Processing techniques to reduce toxicity 
and anti nutrients of cassava for use as a staple food”. Com-
prehensive Reviews in Food Science and Food Safety 8 (2009): 
17-27.

8. Devendra C. “Studies on the utilization of cassava (Manihot es-
culenta Crantz) in sheep”. MARDI Research Bulletin 7 (1977): 
112-117.

9. Mathur ML., et al. “Studies on tapioca: effect of 50 and 100 per 
cent replacement of oats by tapioca in the concentrate mix-
ture of dairy cows”. Indian Journal of Dairy Science 22 (1969): 
193-199.

10. Ravelo G., et al. “The abomasal flow of starch in animal fed sug-
ar cane supplement with wheat bran or dried cassava root”. 
Tropical Animal Production 3 (1977): 259-266.

11. Silva AC., et al. “Microbial protein synthesis and nitrogen me-
tabolism in cows bred on tropical pasture and fed on cassava 
root and corn”. Acta Scientiarum Animal Science 36 (2014): 
185-192. 

12. Lima LP., et al. “Milk production and economic assessment of 
cassava bagasse in the feed of dairy cows”. Acta Scientiarum 
Animal Science 37 (2015): 307-313.

Bibliography
73

Cassava Pellets as a Partial Replacement for Maize in Lactating Goats’ Rations

Citation: Khattab HM and El Shewy AA. “Cassava Pellets as a Partial Replacement for Maize in Lactating Goats’ Rations". Acta Scientific Veterinary  
Sciences 3.12 (2021): 66-74.

https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740330302
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740330302
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740330302
https://www.animbiosci.org/journal/view.php?number=20780
https://www.animbiosci.org/journal/view.php?number=20780
https://www.animbiosci.org/journal/view.php?number=20780
https://www.animbiosci.org/journal/view.php?number=20780
https://www.animbiosci.org/journal/view.php?number=20780
https://www.researchgate.net/publication/320300074_Effect_of_replacing_alfalfa_hay_with_a_mixture_of_cassava_foliage_silage_and_sweet_potato_vine_silage_on_ruminal_and_intestinal_digestion_in_sheep
https://www.researchgate.net/publication/320300074_Effect_of_replacing_alfalfa_hay_with_a_mixture_of_cassava_foliage_silage_and_sweet_potato_vine_silage_on_ruminal_and_intestinal_digestion_in_sheep
https://www.researchgate.net/publication/320300074_Effect_of_replacing_alfalfa_hay_with_a_mixture_of_cassava_foliage_silage_and_sweet_potato_vine_silage_on_ruminal_and_intestinal_digestion_in_sheep
https://www.researchgate.net/publication/320300074_Effect_of_replacing_alfalfa_hay_with_a_mixture_of_cassava_foliage_silage_and_sweet_potato_vine_silage_on_ruminal_and_intestinal_digestion_in_sheep
https://www.researchgate.net/publication/324860663_Effects_of_dietary_levels_of_fresh_cassava_pulp_in_dairy_cattle_diet_on_productive_performance_and_keeping_quality_of_raw_milk
https://www.researchgate.net/publication/324860663_Effects_of_dietary_levels_of_fresh_cassava_pulp_in_dairy_cattle_diet_on_productive_performance_and_keeping_quality_of_raw_milk
https://www.researchgate.net/publication/324860663_Effects_of_dietary_levels_of_fresh_cassava_pulp_in_dairy_cattle_diet_on_productive_performance_and_keeping_quality_of_raw_milk
https://www.researchgate.net/publication/324860663_Effects_of_dietary_levels_of_fresh_cassava_pulp_in_dairy_cattle_diet_on_productive_performance_and_keeping_quality_of_raw_milk
https://doi.org/10.1111/j.1541-4337.2008.00064.x
https://doi.org/10.1111/j.1541-4337.2008.00064.x
https://doi.org/10.1111/j.1541-4337.2008.00064.x
https://doi.org/10.1111/j.1541-4337.2008.00064.x
https://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=catalco.xis&method=post&formato=2&cantidad=1&expresion=mfn=039828
https://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=catalco.xis&method=post&formato=2&cantidad=1&expresion=mfn=039828
https://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=catalco.xis&method=post&formato=2&cantidad=1&expresion=mfn=039828
https://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=catalco.xis&method=post&formato=2&cantidad=1&expresion=mfn=039828
https://docplayer.net/179093987-The-abomasal-flow-of-starch-in-animals-fed-sugar-cane-supplemented-with-wheat-bran-or-dried-cassava-root-g-ravelo-f-bordas-and-f-d-deb-hovell-1.html
https://docplayer.net/179093987-The-abomasal-flow-of-starch-in-animals-fed-sugar-cane-supplemented-with-wheat-bran-or-dried-cassava-root-g-ravelo-f-bordas-and-f-d-deb-hovell-1.html
https://docplayer.net/179093987-The-abomasal-flow-of-starch-in-animals-fed-sugar-cane-supplemented-with-wheat-bran-or-dried-cassava-root-g-ravelo-f-bordas-and-f-d-deb-hovell-1.html
file:///E:/ANUSHA/Acta/DECEMBER/ASVS/ASVS-21-RA-176/Microbial%20protein%20synthesis%20and%20nitrogen%20metabolism%20in%20cows%20bred%20on%20tropical%20pasture%20and%20fed%20on%20cassava%20root%20and%20corn
file:///E:/ANUSHA/Acta/DECEMBER/ASVS/ASVS-21-RA-176/Microbial%20protein%20synthesis%20and%20nitrogen%20metabolism%20in%20cows%20bred%20on%20tropical%20pasture%20and%20fed%20on%20cassava%20root%20and%20corn
file:///E:/ANUSHA/Acta/DECEMBER/ASVS/ASVS-21-RA-176/Microbial%20protein%20synthesis%20and%20nitrogen%20metabolism%20in%20cows%20bred%20on%20tropical%20pasture%20and%20fed%20on%20cassava%20root%20and%20corn
file:///E:/ANUSHA/Acta/DECEMBER/ASVS/ASVS-21-RA-176/Microbial%20protein%20synthesis%20and%20nitrogen%20metabolism%20in%20cows%20bred%20on%20tropical%20pasture%20and%20fed%20on%20cassava%20root%20and%20corn
https://www.researchgate.net/publication/281616144_Milk_production_and_economic_assessment_of_cassava_bagasse_in_the_feed_of_dairy_cows
https://www.researchgate.net/publication/281616144_Milk_production_and_economic_assessment_of_cassava_bagasse_in_the_feed_of_dairy_cows
https://www.researchgate.net/publication/281616144_Milk_production_and_economic_assessment_of_cassava_bagasse_in_the_feed_of_dairy_cows


13. Fernandes T., et al. “Use of dried waste of cassava starch ex-
traction for feeding lactating cows”. Annals of the Brazilian 
Academy of Sciences 87 (2015): 1101-1111.

14. Ghoneim A. “Text Book of Animal Nutrition”. Anglo Egyptian 
Book Store, Cairo, Egypt (1967).

15. AOAC. Official Methods of Analysis 13rd ed. Association of Of-
ficial Analytical Chemistry. Washington, DC, USA (1980).

16. Ministry of Agriculture, Fisheries and Food. “Energy allow-
ances and feeding systems for ruminants”. Technical Bulletin 
33 (1975).

17. Snedecor GW and Cochran WG. “Statistical Methods”. 7th ed. 
Iowa State University, Press, Ames, Iowa, USA (1982).

18. Ling ER. “Text Book of Dairy Chemistry”. 3rd. ed. Practical Chap-
man and Hall, London (1963).

19. Barrent AJG and Abd EL-Tawab G. “Determination of lactose 
in milk and cheese”. Journal of Science and Food Agriculture 8 
(1957): 437-441.

20. Warner ACJ. “Production of volatile fatty acids in the rumen. 
Methods of Measurements”. Nutrition Abstract and Review, Se-
ries B 34 (1964): 339-352.

21. Conway EJ. “Micro diffusion Analysis and Volumetric Error”, 4th 
ed. O. Crosby Lockwood and Son Ltd, London (1957).

22. Stevenson HM and Graham DW. “The chemical composition 
and true metabolism energy content of cassava root meal im-
ported into Northern Ireland”. Journal of Science and Food Ag-
riculture 34 (1983): 1105-1106.

23. Shalash SMM., et al. “The use of cassava products in feeding 
rabbit”. Proceeding of The First Conference of The Agricultural 
Development Research 1 (1987): 181-189, Cairo 19-21 DEC. 
1987. 

24. Keaokliang O., et al. “Chemical composition and nutritive 
values of cassava pulp for cattle”. Animal Science Journal 89 
(2018): 1120-1128. 

25. Stoltenow C and Lardy G. “Cyanide Poisoning” (2012).

26. Garner R J. “Veterinary Toxicology”. 4th ed. London (1957).

27. Maynard LA and Loosli JK. “Animal Nutrition”. 4th ed. New York, 
Toronto, London, McGraw-Hill, Book Company, INC (1962).

28. EL- Moghazy MELSA. “Chemical studies on different varieties 
of sweet potatoes as affected by different treatments with ref-
erences to their nutritive value”. M. Sc. Thesis. Faculty of Agri-
culture, Cairo, University (1965).

29. Mac Gregor CA., et al. “Effect of dietary concentration of total 
nonstructural carbohydrate on energy and nitrogen metabo-
lism and milk production of dairy cow”. Journal of Dairy Sci-
ence 66 (1983): 39-55. 

30. Hristov AN., et al. “Effect of carbohydrate source on ammonia 
utilization in lactating dairy cows”. Journal of Animal Science 
83 (2005): 408-421.

31. Cowsert DG and Montgomery MJ. “Effect of varying forage-to-
concentrate ratio of isonitrogenous rations on feed intake by 
ruminants”. Journal of Dairy Science 52 (1969): 64-67.

32. Sutton JD. “Rumen function and the utilization of readily fer-
mentable carbohydrates by dairy cows”. Tropical Animal Pro-
duction 4 (1977): 1-12.

33. Chanjula P., et al. “Effects of replacing ground corn with cas-
sava chip in concentrate on feed intake, nutrient utilization, 
rumen fermentation characteristics and microbial popula-
tions in goats”. Asian- Australian Journal of Animal Science 20 
(2007): 1557-1566. 

34. Marques RO., et al. “Rumen parameters and intake in goats 
fed cassava chips and alfalfa”. Revista Ciência Agronômica 51 
(2020): 1-9.

35. Kaneko JJ., et al. “Clinical Biochemistry of Domestic Animals”. 
5th ed. Academic Press, San Diego, California, USA (1997).

36. Etman KEI., et al. “Cassava (Manihot esculantus crantz) in ra-
tions of buffaloes; II- using cassava pellets in rations of lac-
tating buffaloes”. Prospects of buffalo production in the Medi-
terranean and the Middle East. Proceeding of the joint ESAP, 
EAAP, FAO, ICAMAS, and OIE. Symposium, Cairo, Egypt, 9-12 
November (1992). 

37. De Peters EJ and Zinn RA. “Tapioca pellets as a partial replace-
ment for maize in the diet of lactating dairy cows”. Animal Feed 
Science and Technology 39 (1992): 125-134.

38. Sommart K., et al. “The use of cassava chips as an energy 
source for lactating dairy cows fed with rice straw”. Asian-
Australasian Journal of Animal Sciences 13 (2000): 1094-1101.

39. Brigstocke TDA., et al. “A comparison of a dairy cow compound 
feed with and without cassava given with grass silage”. Animal 
Science 33 (1981): 19-24.

Volume 3 Issue 12 December 2021
© All rights are reserved by Khattab HM and El Shewy 
AA.

74

Cassava Pellets as a Partial Replacement for Maize in Lactating Goats’ Rations

Citation: Khattab HM and El Shewy AA. “Cassava Pellets as a Partial Replacement for Maize in Lactating Goats’ Rations". Acta Scientific Veterinary  
Sciences 3.12 (2021): 66-74.

https://pubmed.ncbi.nlm.nih.gov/25860971/
https://pubmed.ncbi.nlm.nih.gov/25860971/
https://pubmed.ncbi.nlm.nih.gov/25860971/
https://agris.fao.org/agris-search/search.do?recordID=GB19760095878
https://agris.fao.org/agris-search/search.do?recordID=GB19760095878
https://agris.fao.org/agris-search/search.do?recordID=GB19760095878
https://pubmed.ncbi.nlm.nih.gov/14144939/
https://pubmed.ncbi.nlm.nih.gov/14144939/
https://pubmed.ncbi.nlm.nih.gov/14144939/
https://pubmed.ncbi.nlm.nih.gov/6632790/
https://pubmed.ncbi.nlm.nih.gov/6632790/
https://pubmed.ncbi.nlm.nih.gov/6632790/
https://pubmed.ncbi.nlm.nih.gov/6632790/
https://pubmed.ncbi.nlm.nih.gov/29808522/
https://pubmed.ncbi.nlm.nih.gov/29808522/
https://pubmed.ncbi.nlm.nih.gov/29808522/
https://www.ag.ndsu.edu/publications/livestock/cyanide-poisoning/v1150.pdf
https://www.journalofdairyscience.org/article/S0022-0302(83)81751-2/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(83)81751-2/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(83)81751-2/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(83)81751-2/fulltext
https://pubmed.ncbi.nlm.nih.gov/15644514/
https://pubmed.ncbi.nlm.nih.gov/15644514/
https://pubmed.ncbi.nlm.nih.gov/15644514/
https://www.journalofdairyscience.org/article/S0022-0302(69)86502-1/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(69)86502-1/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(69)86502-1/fulltext
https://www.cipav.org.co/TAP/TAP/TAP41/4_1_1.pdf
https://www.cipav.org.co/TAP/TAP/TAP41/4_1_1.pdf
https://www.cipav.org.co/TAP/TAP/TAP41/4_1_1.pdf
https://www.scielo.br/j/rca/a/cjpD3NZ6CmXVcSpKdQJDMKw/?lang=en
https://www.scielo.br/j/rca/a/cjpD3NZ6CmXVcSpKdQJDMKw/?lang=en
https://www.scielo.br/j/rca/a/cjpD3NZ6CmXVcSpKdQJDMKw/?lang=en
https://www.sciencedirect.com/science/article/abs/pii/0377840192900366
https://www.sciencedirect.com/science/article/abs/pii/0377840192900366
https://www.sciencedirect.com/science/article/abs/pii/0377840192900366
https://www.cambridge.org/core/journals/animal-science/article/abs/comparison-of-a-dairy-cow-compound-feed-with-and-without-cassava-given-with-grass-silage/E57174F0597F8C168885BA819A0942EF
https://www.cambridge.org/core/journals/animal-science/article/abs/comparison-of-a-dairy-cow-compound-feed-with-and-without-cassava-given-with-grass-silage/E57174F0597F8C168885BA819A0942EF
https://www.cambridge.org/core/journals/animal-science/article/abs/comparison-of-a-dairy-cow-compound-feed-with-and-without-cassava-given-with-grass-silage/E57174F0597F8C168885BA819A0942EF

