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Abstract
Background and Objective: The inclusion of clay minerals in dairy nutrition is getting attention owing to their proven beneficial effects.
The current study aimed to evaluate the effect of dietary supplementation of three different clay minerals (bentonite, zeolite and humic
acid) on the performance of lactating Boer goats. Materials and Methods: Twenty lactating Boer goats (having an average body weight
~42.7 kg) were divided into four groups (5 animals each) by using a completely randomized design (CRD). Each group was fed with one
of  four  dietary  treatments:  Control  group  with  basal  ration  R1:  Consisting  of  concentrate  feed  mixture  (CFM)  and  clover  hay
(50:50%, C:R) on a dry matter (DM) basis, R2: Basal ration plus 1% bentonite, R3: Basal ration plus 1.25% zeolite and R4: Basal ration plus
0.5% humic acid. Results: The results revealed that bentonite and humic acid increased (p<0.05) the nutrient digestibility and nutritive
values compared to zeolite and control groups. Ruminal ammonia and total volatile fatty acids (TVFAs) contents increased (p<0.05) with
supplementation of bentonite. No effect of clays supplementation was observed on plasma total protein, urea and creatinine, however,
it increased (p<0.05) the albumin concentration and albumin/globulin ratios compared to the control while decreasing the plasma
globulin contents. Supplementation of humic acid increased (p<0.05) the AST concentrations. Bentonite supplementation recorded the
highest milk yield (p<0.05) and composition, while the zeolite group had the lowest values. Conclusion: The present study indicated that
the inclusion of clay minerals particularly bentonite (at 1%) can positively affect the performance of lactating Boer goats.
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INTRODUCTION

Clay is considered one of the ingredients that can be used
in animal husbandry as a source of minerals and organic
substances to optimize the performance of animals1. The clay
is made up of hydrated aluminosilicates of alkali and alkaline
earth cations and plays an ion-exchange role to absorb
molecules (absorption property) and exchange their
constituent cations without undergoing major structural
changes2. Clays are natural compounds which perform body
detoxification and mediate gastrointestinal infections against
rumen disorders3,4.

Furthermore, clay additives function as sequestering
agents that could reduce ammonia release owing to their
capability of attaching other substances without requiring any
chemical action. They have also been used to reduce aflatoxin
absorption from the gastrointestinal tract4.

Bentonite, zeolites and humic acid are considered
widespread clay additives that are used in livestock and their
roles as a buffer in dairy cattle are well documented5,6. The
mode of action of each is associated with their chemical
structure and properties2. All clay minerals play a crucial role
in ruminants. Bentonite attracts monovalent and divalent ions,
which bind proteins and nitrogenous compounds, reducing
protein degradation while increasing bypass protein from the
rumen6. Zeolite has numerous features, including a high
attraction  for  water  and  many  positively  charged  ions
(such as K+, NH4+, Ca2+, Na+ and Mg2+) that can be reversibly
bound, as well as altering rumen retention time while
improving nitrogen utilization in ruminants2,7. On the other
hand,  humic  acid  protects  the  intestinal  mucosa  owing  to
its antiphlogistic, adsorptive, antitoxic and antimicrobial
properties.

Furthermore, it also improves the immune system by
reducing stress and enhancing liver function while stimulating
lymphocyte proliferation8,9.

In an intensive livestock farming system, the key factor
affecting protein supply to the small intestine is ruminal
protein degradation10. About 65% of the protein in rations is
hydrolyzed to organic acids, ammonia and CO2 by microflora
in the rumen9. The problem is feeding with a high percentage
of rumen degraded protein sources such as soybean,
sunflower and cottonseeds result in an increased ammonia
release in the rumen and cause ammonia toxicity in the blood
leading to animal death11. In addition, aflatoxins and
mycotoxins produced in feed by the fungi and moulds affect
animal health by disrupting immunity and causing diseases
like diarrhoea, liver, kidney damage, weak bones and reduced
weight gain in animals8.

Researchers have investigated the inclusion of clays in
animal diets to control dietary toxins. But no studies on several
types of clays are available for their comparative efficacy.
Therefore, the present study aimed to compare the effect of
three  types  of  clays  (bentonite,  zeolite  and  humic  acid  at
1, 1.25 and 0.5% levels, respectively) as a feed additive in
lactating  Boer  goats  on  their  production  performance
(rumen kinetics, nutrients digestibilities, blood metabolites
and milk yield and composition).

MATERIALS AND METHODS

Study area: The experiment was performed at El-Khayal Farm
which is located on the 6th of October, Giza, Egypt at the
period from March to April, 2019. While the chemical analyses
of samples were conducted at the Department of Dairy
Sciences, National Research Centre, Egypt and Animal
Production Department, Faculty of Agriculture, Cairo
University, Giza, Egypt.

Animal  management:  Twenty  lactating  Boer  goats
(average body weight of 42.7 kg) were selected and divided
into four groups (five animals each) according to age, lactation
stage and production level using a Completely Randomized
Design (CRD). The animals were assigned to four treatment
groups, R1: Goats fed with control ration, R2: 1% bentonite per
head/day, R3: 1.25% zeolite per head/day and R4: 0.5% humic
acid  per  head/day.  The levels of clay additives that are used
in vivo experiments are based on the best levels tested under
in vitro experiment for gas production, less ammonia release
and DM degrade ability. The goats fed clover hay and
concentrate feed mixture (CFM) at a ratio of 50:50. The animals
were offered ration twice a day at 7.00 am and 5.00 pm, while
drinking water was freely available for 24 hrs. The clay
additives are mixed with CFM in the morning ration. The
animals were fed ration at 3% of body weight to cover
maintenance and production requirements for 45 days. Feed
ingredients and chemical composition of the control ration are
presented in Table 1 to cover the requirements of animals
according to NRC12 recommendations.

Sampling and analyses: Milk yield recording and milk
composition were performed every 10 days (4 times
throughout the whole experiment). Using infrared
spectrophotometry, milk samples were assessed for total
solids, fat, total protein and lactose (Milkotester LM2, Belovo,
Bulgaria). The fat corrected milk was calculated based on the
Gaines’s   equation  as  mentioned  and  described  before  in
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Table 1: Ingredients and chemical composition of the control ration
Ingredients Inclusion level (%)
Clover hay 50.00
Concentrate feed mixture 50.00
Chemical composition (%)
Dry matter 89.67
Organic matter 90.17
Ash 9.83
Crude protein 16.10
Ether extract 4.22
Crude fibre 17.08
Nitrogen-free extract 52.77

Ghoneem and Mahmoud13 as in the following (4% FCM = 0.4
(milk yield, g)+15 (fat yield, g)), while energy corrected milk
was calculated as follow14:

ECM = 0:327×Milk yield (kg)+12:95×Fat yield (kg)+7:20×Protein (kg)

The feed and faecal samples were collected from the
rectum of animals on the same day along with milk samples
and dried at 60EC for 72 hrs. The dry matter (DM), crude
protein (CP), ether extract (EE), crude fibre (CF) and ash
contents of both feed and faecal samples were determined
using the standard procedures15. Organic matter (OM) and
nitrogen-free extract (NFE) contents were calculated. The
apparent digestibility of DM, OM, CP, EE, CF and NFE in the
total tract was calculated as reported by Sales and Janssens16.
The acid-insoluble ash (AIA) approach was utilized as an
internal marker for nutrient digestibility calculations17.

On the last day of the trial, rumen fluid was collected
through   a   stomach   tube   before   morning   feeding
(labelled 0 hr) and 4 hrs post morning feeding. Samples were
filtered through 4 layers of cloth and then immediately used
to determine rumen pH with a digital pH meter. Ammonia
concentration (NH3-N) was analyzed using the Nessler Method
as modified by Szumacher-Strabel et al.18 and the total volatile
fatty acids (TVFAs) were performed as reported previously19.

Similarly, blood samples were drawn from each animal’s
jugular vein after 5 hrs of morning feeding, in glass tubes
containing EDTA as an anticoagulant. Blood plasma was
separated by centrifugation for 15 min at 5,000 rpm and
stored at -20EC until further analysis. Plasma total protein,
albumin, urea, creatinine, Aspartate Aminotransferase (AST)
and Alanine Aminotransferase (ALT) were measured using a
commercial kit (Biodiagnostic Co., for Diagnostic and Research
Reagents, Dokki, Giza, Egypt through T80 UV, VIS
Spectrometer (PG Instruments Ltd., UK).

Statistical analysis: Data analyses were carried out using One
way ANOVA procedure of SAS (https://www.sasgroup.net/
investor-relations/financial-reports/annual-reports/sas-
annual-report-2012/) according to the following model:

Yij = μ+Ti+eij

where, Yij is the parameter under the analysis of the ij goats of
lactation trails, µ is the overall mean, Ti is the effect of
treatment, eij is the experimental error for ij on the
observation. The variations between means were separated
using Duncan’s New Multiple Range Test.

RESULTS AND DISCUSSION

Rumen fermentation: Effect of clay minerals on ruminal pH,
NH3-N  and  TVFAs  concentrations  summarized  in  Table  2.
The values of pH in zero time (before feeding) and at 4 hrs
post-feeding illustrated that clays addition did not affect
(p<0.05) on ruminal pH. Thus, the mean values of pH were as
follows, 6.10 with bentonite, 6.18 with zeolite and 6.37 with
humic acid without significant effect among experimental
diets or compared with the control diet (6.31).

Regarding ammonia concentration, the higher (p<0.05)
values   were   recorded   for   animals   fed   on   bentonite
(8.50 mg dLG1) addition compared with those fed on humic
acid (5.07 mg dLG1) addition at zero time. Also, significant
differences  (p<0.05)  were  observed  between  bentonite
(10.61 mg dLG1) and control groups (5.64 mg dLG1) at 4 hrs
post-feeding and overall mean value. The same trend was
observed in means values of rumen ammonia, the value with
bentonite  diet  was  9.55  mg  dLG1  followed  by  zeolite  diet
7.53 mg dLG1 then humic acid diet 6.71 mg dLG1 and control
diet 6.51 mg dLG1.

For  the  TVFAs  concentration  in  the rumen, the
obtained data cleared that, there was an insignificant    effect 
  of    clay  minerals    at    zero    time (before  feeding).  In 
contrast,  data  obtained  after  4  hrs post-feeding, the
bentonite diet recorded a higher value of 8.10 mEq dLG1

(p<0.05) compared with zeolite (6.15 mEq dLG1) and humic
acid (6.10 mEq dLG1).

The present findings of ruminal pH agreed with earlier
reported by Hassan et al.10 and Chegeni et al.20. Contrarily
dietary humid acid has shown to decrease9 and increase
ruminal pH21,22 in goats. The increased ruminal pH value could
be due to reflecting attributed to the buffering capability of
humate  substances,  which  stabilizes  ruminal  pH  and
improves the efficiency of rumen microbial functions. On the
other  hand,  zeolite  addition  has  also  been  shown  to
increase    ruminal    pH23.    However,    zeolite    addition
(natural and nanoforms) maintained ruminal pH without
being   affected   in   goat   diets.   Moreover,   all   studies
(positive, negative and/or no effect) had been in the optimal
range of ruminal pH from 5.60-6.80 for rumen microbial
proliferation24.
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Table 2: Rumen parameters as affected by clay minerals addition to lactating goat’s ration
Treatments

------------------------------------------------------------------------------------------------------------------
Items Control Bentonite Zeolite Humic acid SEM p-value
pH
Zero time 6.80 6.56 6.46 6.42 0.104 0.667
4 hrs 5.81 5.65 5.91 6.33 0.163 0.609
Mean 6.31 6.10 6.18 6.37 0.124 0.893
Ammonia (mg dLG1)
Zero time 7.38ab 8.50a 6.80ab 5.07b 0.475 0.050
4 hrs 5.64b 10.61a 8.26ab 8.40ab 0.721 0.048
Mean 6.51b 9.55a 7.53ab 6.71b 0.440 0.050
Total Volatile Fatty Acid (mEq dLG1)
Zero time 5.30 4.90 6.40 5.75 0.428 0.745
4 hrs 6.85ab 8.10a 6.15b 6.10b 0.471 0.049
Mean 6.07 6.50 6.27 5.92 0.345 0.954
Arithmetic means differ (p<0.05) in the same row with different letters superscripts and SEM: Standard error of the mean

In the converse of the present study, Chegeni et al.20

noted  that  ammonia  concentration  decreased  with
bentonite addition. However, NH3-N concentration increased
subsequently in lactating goats who received the bentonite4

and  is  consistent  with  the  current  findings.  Moreover,
Gouda et al.4 suggested that the increased NH3-N
concentration was attributed to the bentonite’s ability to
control NH3-N release. Interestingly, Ghoniem et al.24

concluded that bentonite addition can partially equalize the
supply of nitrogen to the ruminal microorganisms, especially
with a high soluble protein in the ration, the bentonite could
be enhanced N availability for rumen microbes by maintaining
differential adsorption and release rates of ruminal NH3
ultimately leading to better feed digestibility4.

On the other side, the present study indicated a slightly
(p>0.05) increase in ruminal NH3-N concentration with zeolite
and  humic  acid  versus  control,  which  was  reported  by
Roque-Jiménez et al.22 and Kardaya et al.25, which agreed with
present results. On contrary, El-Nile et al.23 reported that
zeolite addition reduced the NH3-N concentration.

Also, humate addition decreased ruminal NH3-N
concentration  in  goats22  and  dairy  cows9  at  in  vivo  trials
or in vitro trials as reported by Terry et al.26. It reported that
zeolite can effectively decrease the free NH3 content under
anaerobic conditions, but the extent of this activity may differ
under anaerobic conditions of the rumen5,27.

The current results of TVFAs concentration agreed with
those obtained by Gouda et al.4, with bentonite addition to
goats’ ration. They supported due to enhanced OM
digestibility that agreed with our findings of OM digestibility
too. In contrast to current findings, a previous study found
that the TVFAs concentration in bentonite was numerically
lower than in control21.

A recent review study on the addition of both natural and
synthetic zeolites in lactating cows’ rations concluded that the
zeolite addition of more than 400 g/day/cow, could be a
negative effect on production and ruminal parameters28.
Moreover, the previous research reported the TVFAs
concentration was increased with the zeolite addition in goats
ration23 and ewe lambs22, while Dschaak et al.29 observed a
decrease in TVFAs concentration. However, the TVFAs
concentration did not affect zeolite in lactating dairy cows30.
No effect of inclusion of zeolite might be due to different
sources, doses and modes of dietary supplementation as
compared to the previous studies31.

The current findings show that humic acid addition had
no effect on TVFAs concentration, which is consistent with
previous   findings3,22,26.   However,   Hassan   et   al.10   and
Kholif et al.9 found humate addition increased TVFAs
concentration, which could be due to improved OM, NFE and
CF digestibility. No clear effect of humate on dramatically
aspects of rumen kinetics. Results obtained from clays
supplementation can be inconsistent and completely different
from other previous research due to what environment they
come from or the optimum level of additional animal diets.

Nutrient’s digestibility: The effect of bentonite, zeolite or
humic acid on apparent digestibility and nutritive values in
lactating goats is shown in Table 3.  The dry matter intake
(DMI, kg/hr/day) was not differed (p>0.05) among treatments
(1.27, 1.25, 1.24, 1.23 kg/head/day with control, bentonite,
zeolite and humic acid diet, respectively). Digestion coefficient
of dry matter (DM), organic matter (OM), crude protein (CP),
ether extract (EE) and nitrogen free extract (NFE) recorded
higher  values  with  bentonite  and  humic  acid  diets  being
77.42 and 76.67% for DM, 79.89 and 78.43% for OM, 78.32 and
77.23% for CP, 86.50 and 84.69% for EE, 70.07 and 67.21% for
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Table 3: Dry matter intake, nutrients digestibility and nutritive value as affected by clay minerals addition to lactating goat’s rations
Treatments

-------------------------------------------------------------------------------------------------------------------
Items Control Bentonite Zeolite Humic acid SEM p-value
Dry matter intake (DMI) (kg) 1.27 1.25 1.24 1.23 0.277 0.181
Nutrients digestibility (%)
Dry matter (DM) 72.99b 77.42a 72.31b 76.67a 0.93 0.037
Organic matter (OM) 74.98b 79.89a 74.50b 78.43a 1.04 0.001
Crude protein (CP) 72.26b 78.32a 73.51b 77.23a 1.12 0.026
Ether extract (EE) 80.32b 86.50a 78.33b 84.69a 1.54 0.042
Crude fiber (CF) 61.16ab 70.17a 52.68b 63.17ab 2.32 0.035
Nitrogen free extract (NFE) 63.26ab 70.07a 57.65b 67.21a 1.68 0.022
Nutritive value (%)
Total digestible nutrients (TDN) 62.89bc 69.59a 58.51b 66.64ab 1.45 0.001
Digestible crude protein (DCP) 11.64 12.61 11.83 12.43 0.20 0.605
Arithmetic means differ (p<0.05) in the same row with different letters superscripts and SEM: Standard error of the mean

NFE. Regarding crude fiber (CF) digestibility was higher with
the bentonite diet (70.17%) compared with other diets. The
nutritive values of the experimental rations in terms of total
digestible nutrients (TDN) recorded the higher value with the
bentonite diet (69.59%) followed by the humic acid diet
(66.64%) the control diet (62.89%) and the lowest value
recorded with zeolite diet (58.51%). The digestible crude
protein (DCP) in Table 3 as a parameter for feeding value did
not observe significant differences (p>0.05) among diets, but
numerically the bentonite diet recorded a higher value
(12.61%) compared with the control diet (11.64%).

Bentonite addition to goat rations did not affect DMI,
which is consistent with previous findings by Chegeni et al.20

and Gouda et al.4. While, Khalaf and Al-Galbi32 observed
increasing in DMI in ewes and lambs ration with bentonite
addition. Previous researchers concluded that the DMI
variations (increase, decrease or no effect) are caused in part
by a basal diet type (Roughage:concentrate ratios) pasture,
bentonite levels and purity and source of clays. Furthermore,
bentonite increased the nutrients digestibility as mentioned
by Gouda et al.4 and Chegeni et al.20.

Humic acid addition had a slightly lower (p>0.05) value in
DMI than the control ration. Similarly, humate
supplementation at low and high doses did not affect the
nutrient intakes in dairy cows’ ration10 and lactating goats33.
Contrary to our results, the ratio involving humic acid had the
lowest DMI at lower levels of humic acid ratio, whereas
increased DMI for higher levels was proportional to control3.
Similar to the present findings, Kholif et al.9 observed humate
supplementation increased the digestibility coefficients.
Additionally, Hassan et al.10 found an increase in the CP
digestibility coefficients. On contrary, El-Zaiat et al.21 found
that the digestibility did not alter with humic substances in
dairy goats supplemented. However, Sheng et al.34 noted DM
degradability was increased with humic acid addition in vitro
culture.

Zeolite  addition  did  not  influence  on  feed  intake  ratio,
as well, as zeolite addition to the lamb ration35, goats23 and
dairy cows6,29. However, the effect of zeolite addition on DMI
has been inconsistent with our findings as reported by
Thilsing-Hansen et al.36. Moreover, Khachlouf et al.28

summarized that the moderate zeolite dosage did not alter
DMI in dairy cows (<300 g/day/cow), while a high dosage
(>400 g/day/cow) trend in a rapid reduction of feed intakes.
The zeolite addition (natural or nano) did not influence the
digestibility  in  goats24  and  this  agreed  with  our  results
(zeolite vs. control).

These variations in results could attribute to varied
factors,  involving  dietary  composition.  (Roughage:
concentrate ratios), animal species (small or large ruminants),
period of adaptation of additives, the dose of additives,
sampling time, lactation stage9. Others hypothesized that
humate could bind N in the rumen, which reduces excretory
rate, increases ruminal microbial activity and results in
improved CP digestibility22. Whereas, bentonite may increase
N retention in animals and allow it to be slowly released over
a longer period, increasing CP digestibility. However, the lack
of response to zeolite in the current study could be attributed
to the various sources or purities of zeolite buffers used
(natural and synthetic zeolite), but they suggested that zeolite
activity is more efficient in the rumen than in the post-ruminal
digestive tract parts23.

Blood plasma metabolites: The effect of clays addition on
blood parameters of kidney and liver functions is presented in
Table 4. Data indicated that aspartate aminotransferase (AST)
recorded the higher value with humic acid diet (39.00 U mLG1)
followed   by   zeolite   diet   (37.25   U   mLG1),   then   control
(35.25 U mLG1) and bentonite (34.60 U mLG1) diet without
significant difference between them. While blood Alanine
Aminotransferase (ALT) did not appear significant differences
among treatments.
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Table 4: Blood metabolites as affected by clay minerals addition to lactating goat’s rations
Treatments

-------------------------------------------------------------------------------------------------------------------
Items Control Bentonite Zeolite Humic acid SEM p-value
ALT (U mLG1) 35.75 38.60 39.00 36.60 0.67 0.293
AST (U mLG1) 35.25b 34.60b 37.25ab 39.00a 0.64 0.029
Total protein (g dLG1) 7.60 7.54 7.12 7.06 0.10 0.104
Albumin (g dLG1) 3.30b 3.56a 3.52a 3.38ab 0.04 0.046
Globulin (g dLG1) 4.30a 3.98ab 3.60b 3.68b 0.009 0.047
Albumin/globulin 0.77b 0.90ab 0.99a 0.98a 0.027 0.037
Urea (g dLG1) 37.00 35.60 36.75 36.00 0.311 0.380
Creatinine (g dLG1) 1.07 1.04 1.10 0.98 0.03 0.498
ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, arithmetic means differ (p<0.05) in the same row with different letters superscripts and SEM: Standard
error of the mean

Blood plasma albumin was significantly lower with the
control diet (3.00 g dLG1) compared with the experimental
diets. In contrast control diet recorded the highest (p<0.05)
value of globulin (4.30 g dLG1) control with the experimental
diets. So, the ratio between albumin and globulin was higher
with zeolite and humic acid diets (0.99 and 0.98) followed by
bentonite (0.90) and the lowest significant (p<0.05) value with
the control diet (0.77). Regarding total protein was at a normal
level without any significant differences among the
experimental animals in the experimental groups.

Results of blood urea were insignificant among
treatments  and  the  values  were  closest  to  control  being,
37.00, 35.60, 36.75 and 36.00 g dLG1 with control, bentonite,
zeolite and humic acid diets, respectively. The same trend was
observed also with creatinine results being 1.07, 1.04, 1.10 and
0.98 g dLG1 with control, bentonite, zeolite and humic acid
diets, respectively without significant differences (p<0.05).

Blood biochemical studies (serum or plasma) could
provide the indices of clays supplementation and its effects on
ingested diets of animals and evaluate their health status37.
Although the current study demonstrated some differences in
blood plasma parameters in liver functions and kidney
functions, the values were within the reference38. However,
total protein, creatinine and urea levels were untouched,
indicating that nutritional status and renal function were
unaffected and this was confirmed by Gouda et al.4. Moreover,
Razavi et al.38 noted the AST activity was higher, but albumin
was within the reference range with bentonite fed and this is
in contrast to our findings.

Moreover, Galip et al.7 observed no significant difference
in biochemical (kidney and liver functions) in rams
supplemented by humic acid, however, serum AST
concentration showed a fluctuation showing low
concentration with low humic doses and increased with high
humic doses and this is close to current findings for AST.
Comparable results of our findings were reported by

McMurphy et al.3, who also noticed similar serum urea
concentrations  across  these  same  humic  acid
supplementations and they attributed this to humic acid’s
ability to bind ammonia in the rumen. However, humic acid
showed increases in blood urea-N concentration10, but others
found that humic acid decreased the serum urea-N9. They
hypothesized that the lower ruminal NH3-N concentration and
lower urea-N of blood with humate addition to dairy cows due
to more efficient utilization of CP in diet for microbial protein
synthesis9.

Moreover, other studies on zeolite addition support
current findings, emphasizing that the zeolite addition does
not reduce plasma urea concentration27. Similar reported by
Toprak et al.35, they found no differences in terms of urea and
creatinine concentrations. However, they observed total
protein concentration affected by zeolite supplementation
and suggested that zeolite could be altering protein
metabolism. In contrast to these results, blood urea-N levels
decreased with zeolite supplementation in lactating sheep,
without change in biochemical parameters39.

Milk yield and constituents: Results of milk production and
milk analysis of the experimental animals are presented in
Table  5.  Actual  milk  yield  (g/day)  and  fat  corrected milk
(4% FCM) cleared that the addition of zeolite to animal diets
affect negatively (p<0.05) production, where the daily milk
yield was 581.88 and 580.74 g/day as actual and fat corrected
milk, respectively. On the other hand, the addition of
bentonite in treatment 2 recorded the higher values of actual
and fat corrected milk (670.56 and 735.16) numerically without
significant differences between bentonite, humic acid and
control diet. Regarding energy corrected milk (g/day),
bentonite treatment recorded the higher significant value
(830.75 g/day) followed by humic acid (778.61 g/day) then
control diet (745.49) then zeolite addition recorded the lower
significant value (663.40 g/day).
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Table 5: Milk yields and milk constituents as affected by clay minerals addition to lactating goat's rations
Treatments

-------------------------------------------------------------------------------------------------------------------
Items Control Bentonite Zeolite Humic acid SEM p-value
Milk yield
Actual milk yield (g/day) 626.56a 670.56a 581.88b 647.06a 9.199 0.001
FCM (g/day) 670.59a 735.16a 580.74b 690.10a 13.88 0.002
ECM (g/day) 745.49b 830.75a 663.40c 778.61ab 14.59 0.001
Milk composition (%)
Total solids 15.43b 16.41a 15.36b 15.94ab 0.143 0.013
SNF3 10.99b 11.76a 11.37ab 11.47ab 0.087 0.010
Fat 4.44ab 4.65a 3.99b 4.46ab 0.092 0.034
Protein 3.94b 4.31a 4.12ab 4.18a 0.040 0.002
Lactose 6.17b 6.54a 6.34ab 6.42ab 0.049 0.048
Ash 0.87 0.90 0.90 0.86 0.009 0.215
pH 6.47 6.42 6.47 6.47 0.021 0.852
Milk components yield (g/day)
Fat yield 27.99a 31.12a 23.20b 28.75a 0.747 0.005
Protein yield 24.72b 28.93a 23.98b 27.04a 0.485 0.002
Lactose yield 38.77bc 43.91a 36.85c 41.55ab 0.715 0.002
FCM: Fat corrected milk,  ECM: Energy corrected milk,  SNF: Solid-non-fat, arithmetic means differ (p<0.05)  in  the  same  row  with  different  letters  superscripts  and
SEM: Standard error of the mean

For milk analysis, the addition of bentonite achieved the
higher values (p<0.05) of total solids (16.41%), solid not fat
(SNF 11.76%) and fat (4.65%) compared with other treatments.
Data of protein percentage was highly significant with
bentonite (4.31%) and humic acid (4.18%) followed by zeolite
(4.12%) and then control (3.94%). At the same time, lactose
percent was higher with bentonite (6.54%) followed by other
treatments. No significant (p<0.05) difference appeared
among treatments in ash and pH values. Concerning the milk
components yields, zeolite treatment recorded the lowest
significant values with fat (23.20 g/day), protein (23.98 g/day)
and  lactose  (36.85  g/day)  compared  to  other  treatments
and  the  control  diet.  Comparable  results  of  our  findings
were    observed    with    bentonite    addition    as    reported 
by  Khalaf  and  Al-Galbi32   or   humic   acid    as    reported    by 
El-Zaiat et al.21 and Kholif et al.9. However, several reports
demonstrated limited effects (negative or no effect) of
bentonite4,8 and humic acid33 additives with low-level
supplementation on milk yield, FCM and ECM yields disagreed
with our results.

Similarly, the trend of milk yield results, in the milk
components (percentages and yields) of fat, SNF, protein and
lactose and TS positively affected by bentonite and humic acid
treatments. These significant results of supplemented diets on
milk composition in the current study agreed with those
mentioned by Gouda et al.4, El-Zaiat et al.21 and Kholif et al.9.
Contrary to these findings, reports exist that showed
bentonite and humic acid supplementation did not influence
the milk composition8,10,34.

Moreover, zeolite addition harmed milk yields compared
to  other  supplements  and  the  current  study  agreed  with
Bosi et al.30 or no effect on milk performance30, whereas,
another study also showed that the dietary inclusion of zeolite
improved milk yield40. In contrast to current results,
supplements of zeolite did not influence milk fat, whereas the
protein in milk was higher for the zeolite treatment30. Similarly,
Kahraman et al.39 found no significant differences in milk fat,
protein, lactose, or pH between groups.

The observed response variance between positive effect
with bentonite and humic acid and negative effect with
zeolite addition to diets may be due to several factors and
scenarios, such as clays structures, mode of action into the
rumen, type of forage, feeding strategy, animal species,
concentrate-to-forage, the stage of lactation and the source of
the clay, does of clay.

Another interpretation can be made that the positive
effect of bentonite supplementation on dairy goat’s ration
buffered the rumen fluid, especially when feeding
abiogenically, which led to pH stability and increased rumen
microflora activity (improve VFA production especially ruminal
acetate levels) resulting in improved digestibility and
increased milk production and composition4,9.

Additionally, in theory, the improvement of retained
nitrogen in bentonite treatments, maybe due to the role of
bentonite in increasing nitrogen efficiency and retention by
stabilization of ammonia release in the rumen when diets
contain urea and may increase protein digestibility, resulting
in increased microbial protein synthesis and improved feed
digestion25.
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Furthermore, humic acid addition can be considered the
buffering ability of humic substances, that due to ruminal pH
stabilization and occur changes in growth and multiplication
manipulating bacteria in the rumen and improving the
efficiency of rumen microbial through an improvement of
oxidative processes due to increased nutrient uptake and
utilized, which stimulates vital for bacteria functions22.

Further, humate material could inhibit urease activity in
the rumen, reducing N degradability and thus increasing its
utilization, as well as increasing the ability to bind N and
decreasing its excretory rate, as well as humate, could be
decreased the ciliate protozoa counts in the rumen that is
known to increase of the microbial protein supply up to thirty
percent41. Based on this explanation, humate increased the
TVFAs (acetate and propionate concentrations) and microbial
protein yield may be related to improving CF, OM, CP and NFE
digestibility which is linked to an increase in milk yield and its
composition22.

Even though zeolite can stabilize ruminal pH and mediate
changes in the rumen to improve microbial digestion, no
response to zeolite supplementation observed in the present
study might be attributed to the cation exchange potential
required for the conditions in open pens as compared to the
confinement32. The present study revealed the possible
synergistic effect of the inclusion of clays minerals such as
bentonite, zeolite, or humic acid as rumen modifiers to
mediate rumen fermentation to desirably affect nutrient
digestibility and rumen kinetics in lactating Boer goats.
Moreover, dietary supplementation of clay minerals enhanced
milk production without adversely affecting the goat’s health
which is beneficial from an economic point of view.
Additionally, the level of clay addition should be carefully
selected depending on the type of ration and source of clay to
improve the efficiency of rumen fermentation. However,
further studies are required to explore the mechanism of the
action of clay minerals in the rumen and their potential effects
on the rumen microbiome.

CONCLUSION

Dietary supplementation of bentonite at 1% enhanced
nutrient digestibility, rumen fermentation and milk production
without adversely affecting the health of lactating Boer goats.
Moreover,    the    zeolite    addition    and    humic    substances
(at 1.25 and 0.5% of DM, respectively), in goat’s ration
exhibited no adverse effects on the productive performance.
However, further studies are required to investigate the
mechanism of action of clay in the rumen and its potential
effects on the rumen microbiome.

SIGNIFICANCE STATEMENT

The  potential value of clays minerals in dairy nutrition
diet  as a ruminal buffer milking goat’s ration was rediscovered
in this study, which can be beneficial for improving
performance and productivity. In addition, the findings may
aid  nutritionists  in  determining  the  recommended  dosage
of clay supplementation for lactating goats, which experts
have been unable to determine. As a result, a new hypothesis
on the influence of clay supplementation on ruminal
fermentation and productivity levels for three distinct species
of ruminants may achieve.
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