
SUMMARY
The objective of the current experiment was to evaluate the influence of Iodine drenching during late pregnancy on thyroid hor-
mones and biochemical parameters in Black goats and their kids performance. Pregnant black goats (n=24) were used in this
study. Goats were drenched with potassium iodide (KI) based on 76% of Iodine with 0 mg KI/day (control; C), 0.50 mg KI/day
(treatment one; T1) as low iodine group and 1.00 mg KI/day (treatment two; T2) as high iodine group. Blood was collected week-
ly from goats at week six before parturition and to parturition and 1st week of age from kids. Serum was separated from blood
samples and analyzed for serum content of iodine, thyroid stimulating hormone (TSH), triiodothyronine (T3) and thyroxine
(T4) and biochemical parameters of goats and their kids. The concentration of TSH was higher (p<0.019) in C group. Both T3
and T4 concentration were higher (p<0.001) in T1 and T2. There was no effect of KI drenching on TSH, T3 and T4 in kids. To-
tal protein and glucose were significantly higher in T2 group compared with C group, while triglyceride was significantly more
in C group compared with T1 and T2 groups. Higher level of glucose was recorded in T2 group, while higher level of choles-
terol was recorded in C group of kids compared with other groups. Kids body weight were higher (P<0.001) in T2 groups com-
pared with T1 and groups C. In conclusion, in response to KI drenching TSH level declined in T1 and T2, while remained high-
er in C group of late pregnant goats. Iodine drenching can improve total protein and glucose and also regulate T3 and T4 in the
goat. Iodine drenching of pregnant goat can also increase new born kids body weight. 
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INTRODUCTION

Iodine is one of the essential components of thyroidal hormones
for the synthesis of the thyroid hormones thyroxine (T4) and
triiodothyronine (T3; Nudda et al., 2009) and through which
it is involved in a number of biological functions of the ani-
mals (Dušová et al., 2014). There exists a great deal of evidence
that it is the free or unbound portion of the circulating thy-
roid hormone that is accessible to the tissues of the animal body
and its effect on their metabolism and functions (Todini, 2007).
The T4 and T3 hormones contribute to the maintenance of pro-
tein and energetic metabolism homeostasis in the animal body;
they influence body growth, thermoregulation and biochem-
ical metabolites (Huszenicza et al., 2002). Low iodine con-
centrations in livestock feeds of high altitude area causes a long-
term deficiency of iodine in traditional animal farms and their
new born kids’ performance (Dušová et al., 2014). 
The deficiency of I is more prevalent primarily in high moun-

tain regions and the area that were covered with Ice of the world
such as the Himalayas mountain (Nyström et al., 2016;
Pachuri, 1981), the European Alps, and the Andes, this may be
due to the fact that the I has been washed away by glaciations,
soil erosion and flooding as a result of high raining levels (Mer-
cer, 2006). A deficiency of iodine also leads to hypothy-
roidism, which causes reduced immunity and inhibits physi-
ological status of animal such as an effect on milk components,
hormones and blood biochemical parameters (Sokkar et al.,
2000; Nudda et al., 2009). Iodine deficiency has a significant
impact on the unborn’ mental and physical development; se-
vere I deficits can lead to cretinism (Hetzel, 1983). As a result
of insufficient food availability during late pregnancy and min-
erals such as I, does may lose weight, in active immunity (Os-
uagwuh, 1992), low growth rate and reproductive consump-
tion such as an increase in the rat of abortion and neonatal mor-
tality due to low birth weight of kid (Cappai et al., 2019).
The iodine requirement is usually higher in goats than in oth-
er ruminant animals: a dietary iodine concentration consid-
ered inadequate for goats (Meschy, 2000; Oramari et al.,
2014). Due to its browsing behavior and lower soil consump-
tion compared with other grazing animals, the goat is regarded
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as an indicator species of I deficiency (Smith and Sherman,
2009) because goats as browsers breeds are preferring to eat
leaves, twigs, vines and shrubs (Lovreglio et al., 2014).
Even though the use of an iodine supplement in goats should
be a common practice, a large database on iodine requirements
in goats is not available. In accordance with NRC (2007) the
recommended concentration of dietary iodine is 0.5 mg/kg of
DM of the diet in growing and non-lactating goats and 0.8
mg/kg of DM for goats; however, these recommendations are
based on a limited number of data base (Nudda et al., 2009).
Black goats are mainly raised as a double purpose animal for
meat and milk, in addition to secondary importance for hair
production (Zebari et al., 2013; Juma and Al Kass, 2005). There
are limited published study on the effect of Iodine drenching
on black goats and their new born kids raised under traditional
conditions. Therefore, the objective of the present study was
to evaluate the effect of Iodine drenching during late pregnancy
on thyroid hormones and serum biochemical parameters in
black goats and their new born kids performance.

MATERIALS AND METHODS

The present study was conducted between 15th of November
2021 and 20th of January 2022 at one of the traditional goat
farms, Zawita, Duhok, Kurdistan Region-Iraq. The Research
Ethics Committee of Animal Production Department, College
of Agricultural Engineering Sciences, University of Duhok ap-
proved the research protocol.

Experimental animal, housing and
management
Pregnant black goats (N=24) with body weight (34.81±2.4kg)
and ages (3.15±1.2 years) were used in the present study from
six weeks before and one week after parturition  at one of the
traditional goat farm, Zawita, Duhok, Kurdistan Region-Iraq.
At the start of the study, the goats were submitted for detec-
tion of any disease. The goats were kept with the main flock.
The goats were put out to graze during the day from 06:00 am
to 06:00 pm and housed in a free stall yard during the night.
During housing, total mixed ration (TMR; hay, barley and wheat
barn) was provided daily, sufficient for ad libitum availabili-
ty. Nutrient content of the total mixed ration were Dry mat-
ter (DM) (88.79%), CP (11.16% DM), CF (23.4% DM), Fat
(2.1% DM), NFE (46.34% DM), ash (5.79% DM), ME
(2196.91 kcal/kg) and moisture (11.21%). Water was also pro-
vided ad libitum from water troughs at the free stall yard.

Pregnancy Diagnoses and Treatments
At the start of the study, pregnant goats were selected from the
main herd using Veterinary Ultrasound Scanner (CD66V;
Zhuhai Carellfe Medieal Technology Co., Ltd, China). The goats
were randomly divided into three experimental homoge-
neous groups (n=8 per group) on the basis of live body weight
(35.66±2.1 kg), (34.66±2.1 kg) and (34.11±2.1 kg). 
Each goat was supplemented with potassium iodine (KI;
Chem-Lab NV, Industriezone, B-8210 Zedelgem, Belgium)
with 0 mg I/day (Control), 0.50 mg I/day (Treatment one;
T1) as low iodine group and 1.00 mg I/day (Treatment two;
T2) as high iodine group. The dose of KI was dissolved in
water and then orally drenched daily each goat at 4:00 pm
using a manual syringe gun six weeks before parturition

(late pregnancy period) until parturition.

Blood Collection and analytical
techniques
Blood samples were collected from goats weekly from week six
(6±0.7 SD) pre-partum. Blood collected from goats by jugu-
lar venipuncture using a 20 G needle syringe into 10ml vacu-
utainer tubes (Medicalet, Pingshan New District, Shenzhen City
518118, China). Blood samples were also taken from their new
born kids (n=26) with a body weight of (4.25±0.6 kg). Blood
samples were centrifuged at 6000g for 12 min using a SIGMA
centrifuge (SIGMA Osterode am Harz, Germany). Serum was
separated and stored at -20°C until analyzed for hormonal and
biochemical parameters analysis. Serum T3, T4 and TSH and
biochemical parameters (total protein, glucose, cholesterol,
triglyceride, HDL and LDL) of goats and their newborn kids
were analyzed by cobas 6000 (Hitachi High-Technology Cor-
poration, Tokyo, Japan).

STATISTICAL ANALYSES OF DATA

The data were statistically analysed using Genstat statistical
analysis software package (Genstat V 14th.19.1.14713 provid-
ed by VSN International Ltd, UK). Repeated measures ANO-
VA was used to analyze the data of serum TSH, T3, T4 and
T3/T4 ratio and biochemical parameters of goats and to com-
pare between treatments. Factorial one-way ANOVA analysis
were used to compare between the datasets of serum TSH, T3,
T4 and T3/T4 ratio, body weight and biochemical parameters
of the newborn kids. The comparison between C, T1 and T2
was analyzed by Tukey test. Differences were reported as sig-
nificant at P<0.05 and trends were reported when P-values were
between <0.1 and >0.05.

RESULTS AND DISCUSSIONS

Effect of KI drenching on Thyroid
stimulating hormone (TSH) in goats
There was a significant influence of time (p<0.019) on serum
TSH concentration in goats during the study period (Figure
1). There was a significant increase in TSH from week three of
treatment (W-4 before parturition) in groups C with progress
in pregnancy period. These results are in constant with previous
studies conducted by Bhardwaj (2018) and Singh et al. (2002).
There was also a significant impact (p<0.018) of KI supple-
mentation on serum TSH concentration. Significantly high-
er TSH (mean±SEM) concentration was recorded in C group
(0.093±0.02 IU/mL) compared with T1 (0.062±0.01 IU/mL)
and T2 (0.033±0.01 IU/mL) group of goats. The results of the
present study agree with those reported by Davoodi et al. (2022)
who found higher serum TSH levels in the iodine deficiency
group of goats compared with the treated group of goats. Pre-
viously, it has been studied levels of TSH in the goats with hy-
pothyroidism by Kadum and Luaibi (2017) and observed that
levels of TSH were significantly lower in iodide treated group
compared with control group. The level of TSH concentrations
has been used as an indicator that reflects the deficiency of the
dietary iodine intake by animals, with higher concentrations
of TSH being revealing of lower iodine intake. While there was
time and treatment interaction effect (p=431) on TSH levels.
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The higher concentration of TSH in groups C may be due to
that the iodine deficiency in the body leads to the overpro-
duction of the TSH from the pituitary gland and the attempt
of the thyroid to compensate for the deficiency in the thyroid
hormones (Singh et al., 2002; Davoodi et al., 2022). Inadequate
amount of I in the thyroid gland lead to production of un-io-
dinated inactive prehormone compound instead to T4 which
results the stimulation of pituitary gland to secret more TSH
(Bhardwaj, 2018). 

Effect of KI drenching on T3 and T4
hormone and T3/T4 ratio in goats
The data of serum T3 and T4 concentration and T3/T4 ratio
are reported in Table 1. Regarding serum T3 concentration, there
was a significant impact (p<0.001) of time on serum T3 hor-
mone concentration during late pregnancy period of goats.
There was an increase in serum T3 hormone level in both T1
and T2 groups during experiment progress. Similarly, an in-
crease in T3 levels was found with progress in weeks of sam-
pling in wool goats fed supplemented with Iodine (Pattanaik
et al., 2004). However, in contrast to the present results Todi-
ni (2007) and Nudda et al. (2013) found a slightly decrease in
T3 concentration with advanced sampling weeks in lactating
goats. These may be due to that Todini (2007) and Nudda et
al. (2013) used goats during the lactating period rather than
pregnant goats. While there was a fluctuation in the level of
serum T3 hormone in C group. There was also a significant ef-
fect (p=0.042) of KI treatment on the level of T3 hormone,
serum T3 level was higher in T1 and T2 groups compared with

C group of goats. These results are agreed with those report-
ed by Nudda et al. (2013) who found higher (p<0.001) T3 serum
concentration in lactating goats fed diet with high iodine (0.90
mg of KI/day) compared with low iodine (0.0 mg of KI/day).  
Concerning the data related to serum T4 hormone, time had
a significant effect (p<0.001) on the serum T4 hormone
throughout the experiments period. There was also an effect
(p=0.035) of KI drenching on the level of serum T4 hormone.
Higher levels of serum T4 hormone were recorded in T2 group
of goats that were supplemented with 1.0 mgKI/day compared
with C group of goats. Similarly, Zarbalizadeh-Saed et al. (2020)
found a higher (p<0.05) serum concentration of T4 in ewes sup-
plemented with 0.4 mg of I per day compared with zero level
of I supplementation. Nudda et al. (2013) also found a high-
er (p=0.059) serum concentration of T4 in lactating goats sup-
plemented with KI compared with the control group. While,
there was no significant different between T1 and T2 group of
goats. Higher level of T4 concentration in T2 groups of goats
received 1.0 mg/KI/day may be due to increased iodine titra-
tion for T4 synthesis in thyroid gland.
There was no significant effect of time (p=0.398) and KI treat-
ment on the T3/T4 ration in serum of goats during late preg-
nancy. There was also no impact of time and treatment inter-
action on the serum T3 (p=0.541) and T4 (p=0.803) hormone
and T3/T4 ration (p=0.399) of goats during late pregnancy.
These results are in constant with those reported by
Zarbalizadeh-Saed et al. (2020) who observed no significant
difference (p>0.05) in T3/T4 ratio between (0.0 mg I/d) and
(0.4 mg I/d) supplemented to ewes during pregnant period.

Figure 1 - The effect of I doses on serum thyroid stimulating hormone (TSH) of black native goats. Tr.=treatment, T.=time, Tr.xT.=treatment
and time interaction, C=control (no I supplementation; 0 mg Zn/day), T1=Treatment one (0.50 mg I/day), T2=Treatment two (0.1 mg I/day), Er-
ror bars indicate SEM. AB__ Letters with superscript is significantly regarding the effect of treatments. abc__ Letters with superscript is signifi-
cantly regarding the effect of time/week of treatments. 
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However, Nudda et al. (2012) found a significantly higher
(P<0.001) T3/T4 in lactating goats supplemented with KI com-
pared with control group, this may be due to that Nudda et al.
(2013) used goat during different physiological status.

Effect of KI drenching on serum
biochemical parameters of black
native goats
The effect of KI drenching on serum biochemical parameters
are illustrated in Table 2. Potassium Iodine drenching had a sig-
nificant effect (p=0.045) on serum total protein (g/dl). Sig-
nificantly higher total protein was recorded in T2 group of goats
compared with C group, while there were no differences be-
tween T2 and T1 groups. These results agree with those reported
by Abozed et al. (2020) who found that the treated group of

ewes had a significantly higher concentration of serum total
protein (6.43 ± 0.13 g/dl) compared with control group (5.65
± 0.20 g/dl). Likewise, previous studies also found higher serum
total protein in I supplemented group of sheep compared with
the control group (Zeedan et al., 2010; Dušová et al., 2014). The
higher levels of total protein in KI drenching groups of goats
during late pregnancy may be due to that I supplementation
increased the level of thyroid hormones both T3 and T4 hor-
mones which in turn the thyroid hormones participate in the
maintenance of the level of total protein (Huszenica et al., 2002).
However, Pattanaik et al. (2011) found no significant effect of
iodine (0.1 mg I/day) supplementation on total protein con-
centration (8.98 g/dl) in serum compared with control group
(8.65 g/dl) of indigenous adult goats. This may be due to fact
that in the present study were used goats that were in the late

Table 1 - The effect of KI doses on serum T3 and T4 hormone and T3/T4 raio of black native goats. 

Tr.=treatment, T.=time, Tr.xT.=treatment and time interaction, T3=Triiodothyronine, T4=Thyroxin, C=control (no I supplementation; 0 mg Zn/day), T1=Treatment one (0.50 mg I/day), T2=Treat-
ment two (0.1 mg I/day). Overall means with different superscript letters differ (p<0.05).

T3 (nmol/L) C 2.3±0.2b 2.4±0.3 2.7±0.2 2.2±0.4 2.3±0.5 2.4±0.4 2.0±0.4

T1 2.5±0.3a 2.1±0.2 2.5±0.4 2.5±0.3 2.6±0.5 2.7±0.2 2.8±0.3 0.042 <0.001 0.541

T2 2.6±0.3a 2.3±0.2 2.4±0.4 2.5±0.3 2.6±0.2 2.8±0.7 2.9±0.3

T4 (nmol/L) C 101.2±11.3b 112.5±9.4 105.4±13.8 94.3±9.9 108.7±9.8 96.1±12.3 89.9±12.8

T1 106.1±11.8ab 97.6±14.6 98.1±5.5 99.7±8.3 110.4±33.8 114.3±22.6 116.3±10.0 0.035 <0.001 0.803

T2 114.4±12.3a 100.2±12.8 103.1±14.7 114.1±12.9 112.6±13.2 127.7±21.2 128.7±9.4

T3 and T4 (%) C 0.023±0.002 0.021±0.003 0.023±0.003 0.021±0.001 0.022±0.003 0.024±0.002 0.026±0.004

T1 0.023±0.002 0.021±0.004 0.023±0.002 0.023±0.003 0.023±0.003 0.025±0.002 0.025±0.001 0.398 0.331 0.399

T2 0.23±0.002 0.021±0.002 0.023±0.002 0.024±0.002 0.024±0.004 0.024±0.002 0.022±0.003

Parameters Tr. Overall Time/weeks P Value

means -6 -5 -4 -3 -2 -1 Tr. T. Tr. x T.

Table 2 - Serum biochemical parameters (Means ± SEM) in response to Potassium Iodine (KI) drenching from week -6 to parturition in black
native goats. 

SEM=standard error of means, C=control (0 mg I/day), T1=treatment one (0.5 mg I/day), T2=treatment two (1.0 mg I/day), W=week, Tr.= treatments and T=time. Means with different super-
script letters in overall means columns differ (p<0.05).

Total protein (g/dl) C 6.6±0.2b 6.4±0.4 6.9±2.0 6.7±0.4 6.7±0.4 6.6±0.5 6.4±0.2

T1 7.0±0.2ab 7.4±0.3 7.1±0.3 6.8±0.2 6.9±0.4 6.8±0.3 6.8±0.2 0.048 0.363 0.547

T2 7.4±0.2a 7.7±0.4 7.4±0.5 7.5±0.2 7.4±0.1 7.3±0.2 7.2±0.3

Glucose (mg/dl) C 56.2±1.8b 58.2±1.9 56.3±3.3 56.5±4.1 54.5±2.9 57.8±5.7 53.7±2.8

T1 59.9±2.3a 58.3±2.7 57.0±3.1 59.8±5.6 57.0±3.8 60.5±7.8 62±2.3 0.037 0.137 0.446

T2 60.6±1.7a 61.7±5.9 58.2±3.2 61±3.3 59.5±1.2 60±6.0 61.2±4.1

Cholesterol (mg/dl) C 85.5±9.3 70.5±10.9 83.8±20.2 81.2±9.7 86.8±6.9 91.2±14.8 99.2±8.1

T1 84.6±10.5 66±9.8 83.3±13.0 90.8±14.1 84.2±10.6 85.7±10.8 97.5±11.3 0.894 <.001 0.349

T2 81.8±9.0 66.5±12.5 84±14.8 79±7.1 81.2±9.4 86.8±12.0 93.2±8.6

Triglyceride (mg/dl) C 24.0±6.3b 15.3±6.9 19.3±13.5 21.2±9.2 27.2±9.0 30±4.4 30.8±16.7

T1 24.3±5.8b 20.5±1.9 17.5±10.4 21.7±12.7 23.83±9.9 29±6.6 33±8.0 0.015 <.001 0.644

T2 31.6±6.5a 26.8±12.6 25.3±5.8 29±5.4 29.7±13.7 36.7±15.9 42.3±9.6

HDL (mg/dl) C 52.5±4.6 45.17±5.4 52.8±9.8 49.8±5.0 52.8±6.5 56.5±5.6 57.7±4.1

T1 52.0±4.6 45.33±6.0 50.2±5.5 57±7.8 49.2±5.6 53.7±4.3 56.8±5.0 0.172 <.001 0.623

T2 55.1±8.7 46.0±8.7 50.7±7.3 59.7±10.2 56.2±9.6 63.3±9.1 71.8±10.2

LDL (mg/dl) C 30.1±5.2 20.7±3.9 29.7±7.7 30.7±3.0 30.7±7.2 32±6.4 36.5± 7.7

T1 33.9±6.1 24±12.1 31.2±4.2 33.7±5.8 34.5±5.8 37.8±11.9 42±5.7 0.721 <.001 0.352

T2 34.4±6.7 27±8.0 32.3±14.3 31.3±11.9 32±4.7 37.5±4.4 46.3±3.0

Parameters Tr. Overall Time/weeks P Value

means W-6 W-5 W-4 W-3 W-2 W-1 Tr. T. Tr. x T.
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pregnancy period, while Pattanaik et al. (2011) used adult non-
pregnant goats. 
Glucose was significantly (p=0.037) higher in group T2
(60.6±1.7 g/dl) compared with group C (56.2±1.8 g/dl),
while there was no significance different between T2 and T1
(59.9±2.3 g/dl) groups. Similar to the finding of the present
study, it has been reported that the concentration of serum glu-
cose increased with iodine supplementation. Zeedan et al. (2014)
found that glucose concentration was significantly (p<0.05)
higher with iodide supplementation in Buffalo. Furthermore,
El-Salaam et al. (2018) reported higher glucose levels in sup-
plemented KI of pregnant camels during pre and post-partum
periods compared with control groups. An increase of serum
concentration of total protein glucose and their fractions may
be attributed to increasing thyroid hormones, which leads to
stimulate the basal metabolic rate through regulation of the car-
bohydrates and proteins metabolism in the animal body
(Lawrence and Fowler, 1997). Dandan Wang et al., (2021) re-
ported a relationship between iodine status and blood glucose.
There was also no significant effect of KI drenching on cho-
lesterol (mg/dl). In contrast to the results of the present study,
Pattanaik et al. (2011) reported a significantly lower serum cho-
lesterol concentration in I supplemented group (149.04
mg/dL) compared with control group (132.55 mg/dL). How-
ever, the period of treatment of KI drenching had a significant
effect (p<0.001) on cholesterol; the higher concentration of cho-
lesterol was recorded in week -1 before parturition in group
C. Kaneko (1997) reported a negative relationship between io-
dine (thyroid) status and serum cholesterol concentration.
Triglyceride (mg/dl) was higher (p=0.015) in T2 (31.6±6.5
mg/dl) in comparison to groups C and T1. Significantly
higher concentrations of triglyceride were recorded in week -
1 before parturition (42.3±9.6 mg/dl) in group T2 compared
with other weeks of other groups. Previously, similar to the pres-
ent results, Xia et al. (2013) observed a significant increase in
the serum triglyceride level in I drenching mice group com-
pared with control group. Xia et al. (2013) also found a posi-
tive association by the correlation of the dose dependent in-
crease of serum triglyceride content (r00.498, p<0.01) and serum
triglyceride concentration in iodine-loaded groups. An increase
in serum triglyceride may be due to that the liver playing a piv-
otal role in systemic lipid homeostasis (Xia et al., 2013). The
increased triglyceride concentrations observed in the serum of
goats drenched with high iodine (1.00 mg KI/d) group could
result from the significant up-regulation of the sterol regula-
tory element-binding protein 1c (SREBP-1c) and its target gene
fatty acid synthase (FAS) which are involved in the synthesis
of triglycerides. The SREBP- 1c is one of the three isoforms of
the SREBP family. SREBP- 1c is involved in the regulation of
triglyceride metabolism in the liver as a transcription factor.
It stimulates transcription of the genes associated with fatty acid
biosynthesis, such as acetyl CoA carboxylase and FAS and plays
a crucial role in the development of fatty liver (Ahmed, 2007;
Shimano et al., 2013)
Serum HDL (mg/dl) was not significantly affected by KI drench-
ing comparing the overall means. While the period of KI drench-
ing had a significant (p<0.001) effect on HDL concentration,
the higher concentration of HDL in serum was recorded in week
-1 before parturition in group T2 (71.8±10.2 mg/dl) in com-
parison to other weeks of different groups of the studied goats.
There was also no significant effect of KI drenching on LDL
concentration (mg/dl) comparing the overall means. The sig-

nificantly higher serum LDL was recorded at week -1 (42±5.7
mg/dl) and (46.3±3.0 mg/dl) before parturition in T1 and T2
groups, respectively in comparison to other weeks of different
groups of goats. These results agree with those reported pre-
viously by Barcelos et al. (2022) who found that HDL and LDL
were increased with an advance in time of mineral and vita-
min E supplementation in goats. An increase in LDL at the last
week of treatment may be due to that triglyceride could be stored
as lipid droplets in the liver of the pregnant goats and secret-
ed a triglyceride-rich lipoprotein known as very low density
lipoprotein (Davis, 1999).  There looks to be a compensatory
response in the liver. Due to the increased levels of triglyceride
in the liver, the more triglyceride is converted into very LDL
and secreted into the animal blood (Xia et al., 2013). There was
no significant effect of treatment and time interaction on all
serum biochemical parameters.

Effect of KI drenching in black goats
during late pregnancy TSH, T3 and T4
hormone and T3/T4 ratio of newborn
kids
The data related to newborn kid’s hormone which include TSH,
T3, T4 hormone and T3/T4 ratio are shown in Figure 2, 3, 4

Figure 2 - The effect of I doses on serum thyroid stimulating hor-
mone (TSH) of newborn kids. C=control (no I supplementation; 0 mg
Zn/day), T1=Treatment one (0.50 mg I/day), T2=Treatment two (0.1
mg I/day), Error bars indicate SEM.

Figure 3 - The effect of I doses on serum triiodothyronine (T3) of
newborn kids. C=control (no I supplementation; 0 mg Zn/day),
T1=Treatment one (0.50 mg I/day), T2=Treatment two (0.1 mg I/day),
Error bars indicate SEM.
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and 5, respectively. Although, significantly higher serum con-
centrations of TSH were recorded in C group of goat and sig-
nificantly higher concentration of T3 and T4 were recorded in
supplemented groups of goat, while no significant effect of KI
treatments on TSH (P=0.359), T3 (p=0.1221) and T4 (p=0.372)
were recorded in newborn kids of different groups of studied
pregnant goats. This may due to that there is no or lack tran-
sition of TSH, T3 and T4 hormones from mother through the
placenta to the embryo (Zarbalizadeh-Saed et al., 2020).
There was also no significant different (p=0.700) in T3/T4 ra-
tio between newborn kids of different treated groups of
goats. Previously, Zarbalizadeh-Saed et al. (2020) also found
no significant (p<0.05) effect of 0.4 mg I/d on T3 and T3/T4
ratio compared with zero (0.0 mg I/d) level of iodine in new-
born lams, while he found a significantly (p<0.05) higher con-
centration of T4 in newborn lambs received 0.4 mg I/d com-
pared with zero level. This may be due to that Zarbalizadeh-
Saed et al. (2020) used selenium with iodine rather than KI.
Previously, it has been reported that selenium has the most im-
portant role in the metabolism of thyroid hormones after io-

dine, and there is a positive relationship between the amount
of selenium in the animal body and activity of the thyroid hor-
mones (Köhrle, 1999). 

Effect of KI drenching in back goats
during late pregnancy on newborn
kids 
Serum biochemical parameters
The effect of KI supplementation in black native goats during
late pregnancy on their new born kids biochemical parame-
ters are shown in Table 3. Serum total protein was not signif-
icantly affected by I drenching. The significantly higher
(p=0.038) glucose (mg/dl) was found in group T2 compared
with C and T1 groups of kids, while there was no significant
different between C and T1 groups at the first week after par-
turition. Similarly, Kerslake et al. (2010) found that new born
lambs from iodine-supplemented ewes had higher levels of plas-
ma glucose concentration compared with new born lambs from
non-supplemented ewes. This may due to that the glucose from
the high iodine intake groups of goat defused to fetal by pla-
centa, because significantly higher levels of serum glucose were
recorded in iodine supplemented group of maternal goats dur-
ing late pregnancy in the current study and maternal glucose
is the primary source of energy for fetal and placental tissues
(Bell and Bauman, 1997). 
However, serum cholesterol (mg/dl) was significantly higher
(P=0.053) in C group (54.6±11.7 mg/dl) compared with kids
of treated groups of goats. While lower serum triglyceride was
recorded in T2 (88.4±5.3 mg/dl) compared with other groups
of kids. The lower concentration of serum cholesterol of new-
born kids of iodine drenched groups at late pregnancy is un-
clear. 
There was no significant effect of KI drenching on triglyceride
(mg/dl).  The results of the present study also agree with the
results of the present study, Xia et al. (2013) reported lower con-
centrations of serum triglyceride in I supplemented group of
animals. There was also no significant effect of KI drenching
HDL (mg/dl) and LDL (mg/dl) in new born kids of the sup-
plemented goats during late pregnancy. Likewise to the current
results, Vahedi et al. (2021) found no significant effect of macro
algae (Azolla pinnata) on blood HDL and LDL level in lambs. 

Effect of KI drenching in back goats
during late pregnancy on body weight
(Kg) of newborn kids
The data regarding newborn kids body weight are shown in Fig-
ure 6. Newborn kids body weight (Kg; mean±SEM) were sig-
nificantly higher (p<0.001) in groups T2 (4.12±0.22 Kg) of goats
in comparison to T1 (3.25±0.17 Kg) and C (3.23±0.17 Kg)
groups of studied goats. These results agree with results reported
by Zarbalizadeh-Saed et al. (2020) who showed a significant-
ly higher lambs performance of ewes supplemented during late
pregnancy with iodine (0.4 mg/d) compared with control (0.0
mg/d) group. In agreement with the findings of the present
study, Aghwan et al. (2013) found significantly higher daily body
weight of iodine-fed diets growing male kids. The significant
higher total body weight of Kids of the high I group (1.00 mg
KI/d) of goat in the present study may be due to higher con-
centrations of T3 and T4 hormones in their blood, and im-
proved their metabolic process (Aghwan et. At., 2013), which
in turn increased the kid’s body weight. In contrast to the re-

Figure 4 - The effect of I doses on serum thyroxine (T4) of new-
born kids. C=control (no I supplementation; 0 mg Zn/day), T1=Treat-
ment one (0.50 mg I/day), T2=Treatment two (0.1 mg I/day), Error
bars indicate SEM.

Figure 5 - The effect of I doses on serum T3/T4 ratio of newborn
kids. C=control (no I supplementation; 0 mg Zn/day), T1=Treatment
one (0.50 mg I/day), T2=Treatment two (0.1 mg I/day), Error bars in-
dicate SEM.
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sults of the present study, Aumont et al. (1989) found no sig-
nificant effect of I intake on the lamb’s birth weight between
three different groups of ewes fed diet with 0.13 mg/kg DM,
0.22 mg/kg DM and 10.77 mg/kg DM of iodine content, this
may be due to that Aumont et al. (1989) used ewes in his study
rather than pregnant goats during late pregnancy. 

CONCLUSIONS

The concentration of TSH remained higher in C group, while
TSH levels declined in T1 and T2 in response to KI drenching
of late pregnant goats. Iodine drenching can improve total pro-
tein and glucose and also regulate the levels of both T3 and T4
in the goat during late pregnancy. The concentration of
triglyceride was higher in C group without adverse effects on
LDL and HDL. Regarding new born kids, the levels of serum
glucose were increased in T2 group, while the levels of cho-
lesterol were increased in C group in response to KI drench-
ing in late pregnant goats. Iodine drenching of pregnant goat
can also increase new born kids body weight.
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