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ABSTRACT
Objective: To verify if the ImmuPlus® polyherbal feed additive (Tinospora cordifolia, Ocimum sanctum, Whitania 
somnifera, Andrographis paniculate, and Azadirachta indica) improves the productive performance of finishing 
lambs.
Design/Methodology/Approach: Twenty Hampshire  Suffolk male lambs (initial live weight 33.61.9 kg) 
were distributed according to a completely randomized design. Treatments consisted of the inclusion of 0-1.4 
g kg1 of dry matter ImmuPlus® in the diets of lambs, for 35 days.
Results: The inclusion of the polyherbal mixture (P0.01) improved average daily gain (ADG), final live 
weight (FBW), feed conversion (FC), dry matter (DM) intake; however, the said mixture did not modify the 
back-fat thickness or chop area (P0.05).
Study Limitations/Implications: The large number of plants and bioactive compounds included in 
ImmuPlus® limits the identification of the components that modify the metabolism of lambs.
Findings/Conclusions: The inclusion of 1.4 g kg1 dry matter of ImmuPlus® in the diet of lambs improved 
their productive performance.

Keywords: additive, alternative ingredients, productive performance, sheep.

INTRODUCTION
	 There is an overall increase in the value of herbal products, as a result of their bioactive 
compound content (e.g., saponins, tannins, essential oils, and flavonoids) that can positively 
modify ruminal fermentation, volatile fatty acids (VFAs), and methane production in the 
rumen (Patra and Saxena, 2010).
	 A wide variety of herbal products that provide benefits to livestock production is 
available in the market; however, many products do not include reliable information or 
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have not been validated. Consequently, the evaluation and validation of these products 
are fundamental. ImmuPlus® is a polyherbal feed additive (PFA) mixture, prepared with 
a combination of Indian plants, that include a concentration of antioxidants, polyphenols, 
and flavonoids (Khan et al., 2020). The inclusion of ImmuPlus® in the diets of rabbits 
improved their productive performance (Pulido, 2018). Regarding bovines, it benefited 
their ruminal fermentation (Ponce, 2018; Razo-Ortiz et al., 2020) and health (Das et al., 
2003). Finally, it improved the weight gain of goats (Roy et al., 2003) and the IgG serum 
levels of dairy cattle that suffer from mastitis (Mukherjee et al., 2010).
	 Supplementing the diets of fattening lambs with ImmuPlus® is an excellent option for 
the improvement of weight gain and feed conversion; additionally, it modifies the ruminal 
environment. Nevertheless, ImmuPlus® should be added in a 1 to 1.4 g kg1 DM range 
(Razo-Ortiz et al., 2020; Dorantes-Iturbide et al., 2022), because higher doses can impact 
productive performance.
	 The benefits of the bioactive compounds of ImmuPlus® used to supplement livestock 
diets is an alternative for the improvement of the productive performance of fattening 
lambs. Therefore, the objective of this experiment was to verify and validate previous 
researches about the effect of the inclusion of different doses of ImmuPlus® in the productive 
performance and the characteristics of the carcass variables of fattening lambs.

MATERIALS AND METHODS
	 The experimental procedures complied with the ethical, biosecurity, and animal welfare 
standards of the Colegio de Postgraduados and the Mexican official standard NOM-062-
ZOO-1999 (use of animals in experiments). The experiment took place in the Colegio de 
Postgraduados, Campus Montecillo, State of Mexico, located at 98° 48’ 27’’ W and 19° 48’ 
23” N, at 2,241 m.a.s.l. The area has a 15.9 °C annual mean temperature.
	 A completely randomized design was used to distribute 40 male lambs 
(HampshireSuffolk), with a 33.61.9 kg of initial live weight. Table 1 shows that the 
treatments consisted of a dietary concentration of the ImmuPlus® (Nuproxa México, 
Querétaro, Mexico) polyherbal phytogenic: 0-1.4 g kg1 DM were added to a basal diet 
that sought to obtain a 300 g daily weight gain (NRC, 2007). The lambs were housed 
in individual metabolic cages, with individual feeders and nipple drinkers. Before the 
experiment took place, the lambs were orally dewormed (5% Closantil®, 20 mg kg1 LW) 
and were intramuscularly vaccinated against Clostridium chauvoei, Clostridium septicum, 
Clostridium novyi, Clostridium sordelli, Clostridium perfringes, Pasteurella multocida type A, 
Pasteurella multocida type D, and Pasteurella haemolytica (Bobact® 8, 2.0 Ml lamb1). The 
feed was provided at 08:00 and 15:00 h, to guarantee a 5-15% rejection. The lambs had ad 
libitum access to water and feed. The animals were subjected to a 7-day adaptation period 
to the experimental diets. The experiment lasted 35 days.
	 The following variables were evaluated: daily feed intake (DFI), average daily gain 
(ADG), feed conversion (FC), and final live weight (FBLW). The back-fat thickness and 
longissimus dorsi (chop) area were measured between the 12th and 13th ribs at day 35, using 
a SonoVet 600 real-time ultrasound (Medison Inc., Cypress, CA, USA), with a 7.5 Mhz 
transducer.
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Statistical analysis
	 The Shapiro-Wilk and Levene tests were used to test the normality distribution 
and the homogeneity of variance of the variables. The data were analyzed with the 
GLM procedure of SAS 8.0 (2010, Statistical Analysis System Inc. Cary, NC, USA). 
Tukey’s test was use to compare the means of the treatments (P0.05) resulting from 
the different levels of Immuplus®. The initial live weight was the covariable for weight 
gain and final weight.

RESULTS
	 Table 2 shows that the inclusion of 1.4 g kg1 dry matter of ImmuPlus® in the diet 
improved final live weight, average daily gain, feed intake, and feed conversion (P0.05). 
However, the addition of ImmuPlus® did not modify (P0.05) the dorsal fat thickness and 
the chop area (Table 2).

DISCUSSION
	 Polyherbal mixtures usually include several molecules with one or more active 
substances or predominant nutrients, responsible for their biological effects (Frankič et 
al., 2009). ImmuPlus® includes Tinospora cordifolia, Ocimum sanctum, Whitania somnifera, 
Andrographis paniculata, and Azadirachta indica, with a concentration of antioxidants, 
polyphenols, and f lavonoids (Khan et al., 2020).

Table 1. Nutritional and ingredient composition of the experimental diets.

Ingredient (g kg1) Control Immuplus
Corn 210.0 210.0

Sorghum 322.2 334.5

Soybean meal 116.8 117.1

Alfalfa hay 156.2 154.3

Oat staw 143.8 131.7

Cane molasses 40.0 40.0

Immuplus† 0.00 1.4

Common salt 1.0 1.0

Premix¶ 10.0 10.0

Calculated nutritional composition (Base to DM)§

Metabolizable energy (Mcal kg1) 2.8 2.8

Crude protein (g kg1) 147.0 147.0

Detergent acid fiber (g kg1) 192.0 187.0

Calcium (g kg1) 7.0 7.0

Phosphorus (g kg1) 3.4 3.4
†Immuplus®, Nuproxa Mexico, Querétaro, Mexico. ¶Composition of 
the pre-mixture per kg: 100 g phosphorous, 120 g calcium, 5 g iron, 1 g 
magnesium, 1.5 g copper, 1.2 g zinc, 0.5 g manganese, 0.5 g cobalt, 0.2 g 
iodine, 0.2 mg selenium, 50,000 IU vitamin A. § Values calculated following 
the recommendation of NRC (2007).
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	 O. sanctum has essential oils with antimicrobial properties, such as camphor, eugenol, 
and eucalyptol (Yamani et al., 2016). A. paniculata has flavonoids and essential oils with 
immunomodulatory and anti-inflammatory properties (Hossain et al., 2021; Kumar et 
al., 2021). In addition, it modifies the ruminal metabolism of goats, improving nutrient 
digestibility (Yusuf et al., 2017). A. indica has tannins, f lavonoids, and essential oils with anti-
inflammatory and antioxidant properties (Sarkar et al., 2021) and it can be potentially used 
to feed lambs (50 mg kg1 feed) (Webb et al., 2022). In addition, it interacts with the rumen 
microbes and influences the ruminal fermentation pattern, inhibiting methane production 
and increasing feed digestibility (Akanmu et al., 2020). W. somnifera has flavonoids, tannins, 
and alkaloids with antimicrobial and antifungal properties. This plant can modulate the 
immune response in chicks (Latheef et al., 2013) and it is used as anthelmintic on sheep 
(Miaron et al., 2005). T. cordifolia has alkaloids, f lavonoids, glycosides, vitamins, tannins, and 
coumarins (Upadhyay et al., 2010). It modulates the immune response in chicks (Latheef et 
al., 2013) and cows (Mukherjee et al., 2010; Mallick and Prakash, 2011; Gupta et al., 2016). 
In addition, it increases the antioxidant capacity and the cholesterol concentration in the 
semen (1 g kg1 live weight) of rams, protecting the spermatozoa during cryopreservation 
( Jayaganthan et al., 2013). Finally, it raises the antioxidant profiles in rats (Rawal et al., 
2004), helping to preserve membrane transportation and the fertilization capacity of the 
spermatozoa.
	 Supplementing the diets with some polyphenols acts as an antimicrobial agent against 
bacteria, protozoa, and fungi. Depending on the content (Huang et al., 2018; Kalantar, 
2018), type, and structure of the polyphenol, the said supplement can be beneficial or 
cause damage to feed consumption, nutrient digestibility, and growth (Waghorn, 2008).
	 The consumption of flavonoids in the diets of ruminants can potentially suppress 
methane production (Kalantar, 2018). Alhidary and Abdelrahman (2016) and Muqier 
et al. (2017) have proven that flavonoid supplementation increases weight gain and feed 
consumption in sheep. The flavonoid of some plants improves the immune response and 
the activity of antioxidant enzymes in blood serum (Hao et al., 2020) and promotes the 
protein synthesis in sheep (Qin et al., 2020).

Table 2. Dietary addition of Immuplus® on the productive performance of lambs (35 d).

Immuplus (g kg1 of DM)
SE P

0 1.4
ILW, kg 33.25 33.96 0.60 -

FLW, kg 43.55b 48.02a 0.66 0.0002

ADG, kg 0.28b 0.41a 0.02 0.0002

Feed intake, kg 1.58b 1.74a 0.03 0.0008

Feed conversion 5.78a 4.29b 0.28 0.002

Dorsal fat thickness, mm  3.29 3.10 0.13 0.35

Chop area, mm2 1118.70 1085.19 31.69 0.47

SE: standard error of the mean; ILW: Initial live weight; FLW: final live weight; ADG: average 
daily gain; DM: Dry matter. a,bMeans with different literals are statistically different (P0.001).
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	 Tannins can improve animal productivity (Huang et al., 2018) and protein digestion. 
They also mitigate gas emissions produced during ruminal fermentation (Naumann et al., 
2017) and carry out antimicrobial and antiparasitic activities (Huang et al., 2015; Malik 
et al., 2017; Cipriano-Salazar et al., 2018). Tannin supplementation improves protein 
digestibility, reduces energy loss resulting from the methane emission reduction, and 
increases the metabolic antioxidant capacity of lambs (Orzuna-Orzuna et al., 2021a).
	 Essential oils improve the composition and functioning of the ruminal microbiota, the 
development of ruminal papillae in meat livestock (Zhang et al., 2021), and the immune 
response (Wu et al., 2021); in addition, they increase the VFA of the rumen (Zhang et al., 
2021).
	 Das et al. (2006) pointed out that ImmuPlus® is a non-toxic product that can be included 
in the diet of non-ruminant species, benefiting the animals. ImmuPlus® improved weight 
gain, feed consumption, and carcass yield in rabbits (Pulido, 2018). It improved ruminal 
fermentation and reduced the in vitro methane production of dairy cattle and sheep (Ponce, 
2018; Razo-Ortiz et al., 2020). In addition, ImmuPlus® increased the lgG levels in cows, 
helping to prevent and treat clinical mastitis (Das et al., 2003). Finally, it has been used as 
antiparasitic in the diets of goats, improving their weight gain (Roy et al., 2003).
	 Dorantes-Iturbide et al. (2022) pointed out that providing a low dose of ImmuPlus® (1 
g kg1 DM) to fattening lambs could promote feed conversion and increase the longissimus 
muscle area, consequently increasing their growth in the finishing stage; different results were 
obtained with 0, 2, and 3 g kg1 DM of ImmuPlus®. Therefore, a low dose of ImmuPlus® 
can improve the productive performance of finishing lambs; however, high concentrations 
of this product reduce growth rate. In addition, the ImmuPlus® supplementation did not 
impact DM consumption, carcass yield, chemical composition of the meat, and health of 
lambs. The lack of changes in the consumption and the immune system variables suggest 
that the PFA did not have an impact on the welfare of the lambs.
	 Razo-Ortiz et al. (2020) evaluated different concentrations of ImmuPlus® and reported 
that a low dose of the product (1.4 g kg1 DM) improved DWG and feed conversion, 
modified the ruminal environment (through pH reduction), and increased the total 
production of VFA and butyrate. In addition, it potentially altered the immune response 
of lambs. The quadratic response of the productive variables of lambs supplemented with 
ImmuPlus® (1, 2, and 3 g kg1 DM) showed that the metabolites in the polyherbal mixture 
have a negative effect with 1.4 g/kg DM doses; nevertheless, the toxicology evaluations 
indicate they are safe for consumption (Das et al., 2006). This hormetic response can be 
explained by the metabolites included in the PFA (Razo-Ortiz et al., 2020).

CONCLUSIONS
	 The inclusion of ImmuPlus® improves the productive performance and the feed 
efficiency of fattening lambs.
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