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ABSTRACT
Ahmed Mahmoud Abd El-Tawab Mohamed Eid: The Use of some
Biotechnological Methods for Reducing Anti-Nutritional Factors for
Lactating Animal Rations. Unpublished Ph.D. Thesis, Animal
production Department, Faculty of Agriculture, Ain Shams
University, 2013.

This study was carried out to investigate effects laboratory
produced of Tannase enzyme (Tanozym) on diets containing tannins.
A.niger was grown as stand cultures in 100ml conica flasks containing
tannic acid powder medium. The maximum production of Tannase by
A.niger was achieved at inoculum ratio of 2% (v/v), 96 hrs of incubation
period, initial pH 5.0, yeast extract as a nitrogen sources at a
concentration of 0.33 g N/I and palm kernel powder (PKP) as a carbon
source at a concentration of 25% (w/v)

Two experiments were carried out to evaluate the effects of
Tannase supplementation on in vitro degradation of tannins and in vivo
for studying the nutrients digestibility, milk yield and composition by
lactating Baladi goats. In the in vitro experiment, tannins degradation was
determined for PKP supplemented at levels (0, 1.95, 3.9, 5.85 and
7.8U/kg, DM), the maximum removed of total tannins from PKP was
achieved at level 5.85 U/kg DM. in the in vitro experiment, dry matter
and organic matter disappearance (IVDMD and IVOMD) were determined
for control diets (60% CFM and 40% Berseem hay); (T1) control diet
containing different levels of polyethylene glycol (PEG), (MW 20000)
(10, 15 and 20 g/kg DM) and (T,) control diet with addition different
levels from Tanozym (3.9, 5.85 and 7.8 U/kg DM). The maximum
IVDMD and IVOMD values were observed at 5.85 U/kg DM for
Tanozym and 20 g/kg DM for PEG compared with control, but there are
no significant (P>0.05) difference when PEG was added at 15 and 20 g/kg
DM compared with Control. In the in vivo experiment, nine lactating
Baladi goats after 7 days of parturition were divided into three groups,
three animals each, using 3x3 Latin square designs. The first group was



fed on control diet (60% CFM and 40% Berseem hay). The second group
was fed on T, (control diet plus 15g/kg, DM). The third group was fed T,
(control diet plus 5.85U/kg, DM). Tanozym supplementation significantly
(P<0.05) increased nutrients digestibility, nutritive values, rumina total
volatile fatty acids (TVFA's), and insignificant (P>0.05) increased of
ammonia nitrogen (NH3-N), while lower significantly (P<0.05) values of
rumen pH treated group compared with the control. Blood serum of
animals fed on Tanozym and PEG had higher values of total protein,
albumin, globulin, total lipids, urea and glucose and lowest values of AST
and ALT compare with control Milk yield was significantly (P<0.05)
increased for Tanozym and insignificant (P>0.05) increased for PEG
treated groups compared with the control group. However milk
composition did not significantly (P>0.05) change for TS%, SNF%, fat%,
and ash% and significantly (P<0.05) change for protein% and lactose%
among all groups. Tanozym was superior over PEG for improving feed
digestion and milk production by Baladi goats .

Keywords. tannins, tannase enzymes, digestibility, lactating
goats, rumen and blood serum parameters.



ACKNOWLEDGMENT

| thank Allah, the most gracious, most beneficent most merciful
for the help and guidance to achieve goals and make possible.

| wish to express my sincere appreciation and deepest gratitude to
Professor Dr. Hamdy M. A. El-Sayed, Professor of Animal Nutrition,
Anima Production Department, Faculty of Agriculture, Ain Shams
University for suggesting the problem, continuous supervision support,
guidance and constant throughout the course of this work.

Many thanks are aso due to Professor Dr. Abd El-Kader M.
M. Kholif, Research Professor of Dairy Production, Dairy Science
Department, National Research Center for his advice and valuable
instructions throughout the course of the study, providing all necessary
facilities required for the experimental work, continuous help and
encouragement.

Deep thanks are due to Professor Dr. Mahmoud M. A. H.
Khorshed, Professor of Anima Nutrition, Anima Production
Department, Faculty of Agriculture, Ain Shams University for his
continuous help and suggesting the technique problem during the
experimental work of the research.

Recording my Thanks to Professor Dr. Hussein A. Murad,
Research Professor of Dairy Science, Dairy Science Department, National
Research Center for his help and support.

Grateful acknowledgement should be also extended to the staff
members of the Department of Anima Production, Faculty of
Agriculture, Ain Shams University, and Dairy Science Department,
National Research Centre for their offered to make this work possible.

Also, | feel actually indebted to my family especialy my father,
my mother, my wife, my sons and my brother and sisters for
encouragement and sincere devotion al the time.



CONTENTS

Contents Page
LISTOFTABLES.......oii e, v
LISTOFFIGURES.......cciii e e e e Vi
LLINTRODUCTION. ...t e 1
I1. REVIEW OF LITERATURE.......... oo, 3
1. Tannins.. 3
1.1. Classmcatlon of tannlns ........................................... 4
1.2. Chemical and physical propertiesof tannins................ 4
1.3. Feedstuffs containingtannins .............c.ccoeviieinineene, 7
2. Reducing tannins effectsin animal diets........................ 8
2.1. Inactivation of tannins by supplementing polyethylene
glycol (PEG).....ooiiiiiii i e, 8
2.2. Degradation of tannins by tannase enzyme.................. 9
3. Factor s affecting of tannase enzyme production............ 10
3.1. MicCroorganiSms SPECIES. .. ... vvu e venieeieneteeee e aneaneenns 10
3.2. Initial pH of growth medium and pH optimum................. 13
3.3. Incubation period........cccovi i 17
3.4, NItrOgEN SOUICES. ..t vttt e eeeeteeae e e ee e e e e eenees 17
3.5. Carbon sOUrCES.......vvee e 18
3.6. Tannase 1oCcation..........ccoveiiei e e 19
4. Application of tannase enzyme... 20
5. Effect of tannins on nutrients dlgestlblllty and nutr|t|ve
value... 21
6. Effect of tannlns on somerumen Ilquor parameters ......... 25
7. Effect of tannins on some blood parameters.................... 26
8. Effect of tanninson milk production and composition....... 27
1. MATERIALS AND METHODS.........ccoooiiiiiii i, 29
1. Thefirst stage (In vitrostage).........ccoevviviieineveannnn. 29
1.1. Laboratory production tannase enzyme trials............. 29
1.1.1. Fungal strain.. . . 29
11.2. Mlcroorganlsm mai ntenance and moculum preparatlon 29
1.1.3. Optimization of fermentation process for tannase enzyme
production... 30
1.1.3.1. Effect of moculum ratlo .................................. 30
1.1.3.2. Effect of incubation period...............ccociiiiinnnns 30
1.1.3.3. Effect of initial pH.......ccccooveierereee e, 30
1.1.3.4. Effect of nutrientS SOUICES.........c.vvviiiiiiii e e e, 30
1.1.3.4.1. Effect of nitrogen SOUrCeS. .........ovvvvvvviieeneennnnn. 30
1.1.3.4.2. Effect of carbon sources..............ccooeivieiininnns 30

1.4 ENZYME SOUICES. .. et eeteite et et e eie e e eaeiteae e e e 31



1.1.5. Assay Of tanNNaSse. ........c.vveiieieieiee et e e e e e
1.2. Tannins degradation in palm kernel powder (PKP) by
TANOZYIM ..t e e e
1.3. Dry matter (DM) and or ganic matter (OM) dlsappearance.
2. The second stage (In vivo stage)...
2.1. Digestibility and lactation tralls ...............................
2.1.1. Experimental animals..........coooiiiiiiiiiiiii i e,
2.1.2. Experimental dietS..........ccvveiiiiiiiii i

2.1.3. Feeding proCedure. .......c.ov v ie e e e e e,
2.2. Deter mination of digestion coefficients........................
2.3. Sampling of rumen liquor.............cccoo i,
2.4. Sampling of blood..........ccooiii i
2.5. Sampling of milk..
2.6. Chemical anaIyS|s

2.6.1. Feedstuffs and feces anaIyS|s ...................................
2.6.2. Rumen liquor analysis...
2.6.2.1. Ruminal pH.......oooiii e
2.6.2.2. Ammonia-nitrogen (NH3-N)..........cooiiiiiiiiiiiiienn.
2.6.2.3. Total volatile fatty acids (TVFA s) ...........................
2.6.3. Bloodserumanaly5|s e

2.6.3.1. Total protein...

2.6.3.2. AIBUMIN. ...
2.6.3.3. GlobUlIN. ...
2.6.3.4. Albumin (A): globulin (G) ratio..........c.coovvviieiinnns
2.6.3.5. TranSaAMINGASES. ... v eueenetiie et reiee e earere e e e aens
2.6.3.6. UraL ...

2.6.3.7. GIUCOSE. .. ...ttt e e e e e e
2.6.3.8. Total Hpids. .. ..o
2.6.4. MilK @nalysiS.......cuueuuieie it e e e e
3. Statistical @analySiS......c.o v
3.1, Latin square deSigN.......oueeruieiieie e e e eee e
3.2. Repeated measures for rumen liquor and blood parameter....
IV. RESULTS AND DISCUSSION......c.oiiiiiiiii e
1. Thefirst stage (IN vitrostage)........ccovvevviiivi i,
1.1. Laboratory tannase enzyme production.....................

1.1.1. Effect of agitation on the production of tannase from A.
0 T P

31

31
32
33
33
33
33

35
35
35
35
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37
37
38
39
39

39

39



1.1.2. Effect of inoculum size on the producti on of tannase from
A.niger...
1.1.3. Effect of mcubatlon perlod on the productlon of tannase
frOM ANIQEr ..
1.1.4. Effect of theinitial pH values on the production of tannase
frOM ANIGEr ..
1.1.5. Effect of nitrogen sources on the production of tannase
frOM ANIQEr .
1.1.6. Effect of substrate on the production of tannase from
A.niger...
1.1.7. Effect of PKP concentratlon in the growth medlum on the
production of tannase from A.niger ..
1.2. Tannins degradable in palm kernel powder (PKP) by
LANOZYIM ..t e e e
1.3. Effect of treatment with tanozym and PEG on in vitro
dry matter and organic matter disappearance..............
2. Thesecond stage (IN vivostage).........ocvvvvveeviiiennennnnnn.
2.1. Effect of experimental diets on digestibility of nutrients
and nutritive value............coooi i
2.2. Effect of experimental diets on some rumen liquor
parameters...
2.2.1. Rumen pH...
2.2.2. Rumen Tota Volatl Ie Fatty aci ds ..............................
2.2.3. Rumen Ammonia Nitrogen (NHs-N) concentration.........
2.3. Effect of experimental diets on some blood serum
[ = 10 1] ]
2.3.1. Total ProteiN......c.e e e
2.3.2. AIDUMIN. ..
2.3.3.GloBUlIN. ...
2.3.4. Albumin: globulin (A/G) ratio..........c.ccooviiiiin e,
2.3.5. GIUCOSE. .. ...t e e e e

2.3.8. Aspartate aminotransferase (AST).......oovvv i ii i,
2.3.9. Alanin aminotransferase (ALT).....ccvovviiiiiiiiiiene e,
24. Effect of experimental diets on milk yied and

(070 .01 010 1571 1 [
241 MilKYield.......cooi i

2.4.2. Fat corrected milk (4% FCM) yleld ............................
2.4.3. Milk composition... e
24.3.1.Tota SOlidS. ...

40

40

41

43

45

45

47
49

49

52
52

56

58
58
60
61
62
63

65
67
69

69
69
71
72
72



2432 Fat.........

2.4.3.3. Solids not fat (SNF)

2.4.3.4. Protain..
2.4.3.5. Lactose...
2436.Ash.......

V.SUMMARY AND CONCLUSION.......ccccviiiiiiii e,
VI.LREFERENCES ...

Arabic summary

74
76
77
79
81
83
88



LIST OF FIGURES
Fig.

2. Condensed tannin (Procyanidin)...........ccoceveiiiiieinninnene
3. Tannic acid hydrolysis pathway by tannase enzyme.............

4. Selective hydrolysis of galloyl moieties of ellagitanni ns
catalyzed by tannase...
5. Several hydrolytic reactlons catalyzed by tannase ..............
6. Effect of agitation on the production of tannase from A. niger.
7. Effect of inoculum size on the production of tannase from

9. Effect of the initial pH values on the production of tannase
from A.niger.. .
10. Effect of nltrogen sources on the productlon of tannase from

12. Effect of PKP concentration in the growth medium on the
production of tannase from A.niger .....................
13. Tannins degradable in pam kernel powder (PKP) by
TANOZYIM Lo e
14. Effect of treatment with tanozym and PEG on in vitro dry
matter and organic matter disappearance......................
15. Effect of experimental diets on nutrients digestibility (%)....
16. Effect of experimenta diets on total digestible nutrients
(TDIN) (20) v eee e et et e e e e et e e e e e
17. Effect of experimental diets on digestible crude protein
(10 I ) T
18. Effect of sampling timeonrumenpH vaue...................
19. Effect of experimental diets on rumen pH value................
20. Effect of sampling time on rumen TVFA's (meg/dl) .........
21. Effect of experimenta diets on rumen TVFA's (meg/dl) ....
22. Effect of sampling time on rumen ammonia nitrogen
concentration (Mg/dl) ......coviiiiiiii
23. Effect of experimental diets on rumen ammonia nitrogen
concentration (Mg/dl).......cooeiiiiiii
24. Effect of experimental diets on blood serum total protein,
albumin, globulinand A/G ratio..........cccovvii i,

11
12

39

40

41

42

43

45

46

46

48
50

51

52
53

55
56

57

58

59



25. Effect of experimental diets on blood serum glucose ........ 64

26. Effect of experimenta diets on blood serum total lipids...... 65
27. Effect of experimental dietson blood serumurea............. 67
28. Effect of experimental dietson blood AST and ALT......... 68
29. Effect of experimental diets on milk yield (g/h/d)............ 70
30. Effect of experimental diets on 4% fat corrected milk yield
(@) 72
31. Effect of experimental diets on total solids milk yield
(@) 74
32. Effect of experimental diets on fat milk yield (g/h/d)......... 75
33. Effect of experimental diets on solids not fat milk yield
(@) 77
34. Effect of experimental diets on protein milk yield (g/h/d)... 78
35. Effect of experimenta diets on milk lactoseyield (g/h/d)... 80

36. Effect of experimental diets on milk ash yield (g/h/d)......... 82



LIST OF TABLES

Tables Page
1. Bacterial source of tannase...........ccovvevvvviiviiiiiie e, 14
2. Fungal source of tannase...........ocovviiiiieiii i, 15
3. Yeasts source of tannase.. ... 16
4. Chemical composition of feed mgredlents (on DM bass) ....... 32
5. Effect of treatment with tanozym and PEG on in vitro dry
matter and organic matter disappearance... 48
6. Digestibility co-efficient of nutrients, nutrltlve value of the
experimental dietS........c.oove i, 50
7. Effect of experimental dietsonrumenpH ......................... 53
8. Effect of experimental diets on rumen TVFA's (meg/dl) ......... 55
9. Effect of experimental diets on Rumen Ammonia Nitrogen
concentration (Mg/dl) ......cooiiii 57
10. Effect of experimental diets on serum total protein (g/dl)....... 59
11. Effect of experimental diets on serum abumin (g/dl)............ 61
12. Effect of experimental diets on serum globulin (g/dl).......... 62
13. Effect of experimental diets on serum A/G ratio................ 62
14. Effect of experimental diets on serum glucose (mg/dl)......... 64
15. Effect of experimental diets on serum total lipids (mg/dl)..... 65
16. Effect of experimental diets on serum urea (mg/dl)............. 66
17. Effect of experimental diets on serum AST (Units/ml)......... 68
18. Effect of experimental diets on serum ALT (Units/ml).......... 69
19. Effect of experimental diets on milk yield (g/h/d)................ 70
20. Effect of experimental diets on 4% fat corrected milk yield
(@) 72
21. Effect of experimental diets on milk total solids of lactating
goats... 73
22. Effect of expen mental dlets on m|Ik fat of Iactatl ng
goats... . 75
23. Effect of expen mental dlets on m|Ik SO|IdS not fat of Iactatl ng
goats... 76
24. Effect of expen mental dlets on m|Ik protem of Iactatl ng
goats... 78
25. Effect of expen mental dlets on m|Ik Iactose of Iactatl ng
goats... 80

26. Effect of experlmental dlets on m|Ik ash of Iactatlng
goats... PP & 724



INTRODUCTION

It is known that feed contain a variety of nutrients and small
amounts of potentially harmful substances such as toxins that have toxic
effects. They are normally called anti-nutritional factors (ANFs) by the
scientific community as toxins sounds too alarmist. ANFs have an
incredible range of biological effects. The reason of presence of ANFsin
plants seems to be as away of storing nutrient or as a means of defending
their structure and reproductive elements (Har bor ne, 1989).

In fact, plants contain thousands of compounds which, depending
upon the dituations, can have beneficial or deleterious effects on
organisms consuming them. Tannins may be regarded as a class of these
compounds, which are generally not lethal. They diminish animal
productivity but may also cause toxicity during periods of scarcity or
confinement when the feed rich in these substances is consumed by
animalsin large quantities (Kumar, 1992).

In an attempt to overcome some of the problems associated with
chemical and biological treatment processes, recent researches were
focused on the solving environmental problems through the applications
of pure enzymes that have been isolated from their producing organisms
(Murugan and Al-Sohaibani, 2010).

Despite the antimicrobial properties of tannins, many
microorganisms can grow and develop on tannin rich materials. They not
only evolved tannin resistant but also utilizing mechanisms. A number of
reviews on tannin biodegradation have appeared in the past, providing a
general idea on the biodegradation of these polyphenols (William et al.,
1986 and Bhat et al., 1998). It is reported that the hydrolysis of tannins
could be brought about with the help of tannase enzyme (Aguilar and
Gutiérrez, 2001). These enzymes catalyses the hydrolysis of bonds
presents in the molecule of the hydrolysable tannins and gallic acid esters



(Lekha and Lonsane, 1997). It plays an important role in the treatment
of tannery effluents (libuchi et al., 1968).

Tannase can be used in food and beverage industrial products
contribute to remove the undesirable effects of tannins. The use of
tannase as an ingredient of animal feed would improve the digestibility of
the feed (Lekha and Lonsane, 1997). The enzyme has potentia used in
the treatment of tannery effluents and pre-treatment of tannin containing
animal feed (Aguilar et al., 2007 and Murugan and Al-Sohaibani,
2010).

The main objective of this study was to determine the effect of
using laboratory produced tannase enzyme (tanozym) to reduce negative
tannins effect as anti-nutritional factor in lactating Baladi goats diets on
digestion coefficient, nutritive values, rumen and blood parameters and
milk production and composition.



