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Abstraet 

This study assessed the economic feasibility of supplementation leveIs for beef catt1e grazing 

tropical pastures during the dry season. The central question was whether higher 

supplementation rates could improve system profitability and what leveI would provide the 

most advantageous balance between biological efficiency anel economic returno Two 

experiments were conducted with 36 Angus x Ne10re buIls each, receiving 0.2, 0.4, or 0.8% of 

body weight (BW) of a protei~ergy supplcment whilc grazing Brachiaria brizantha (I) or 

Brachiaria dccumbens (2). Performance variables were measured over 110-150 days, and 

economic responses were calculatcd from feed costs and carcass revcnues. A detcrministic 

simulation was also nm to determine how supplementation wouId affect feedlot finishing at 

580 kg slaughter BW. Profitahility was furthcr scalcd to a 300-hs pastorc hsse to integratc both 

per-animal anel per-area perspcctives. Supplcmentation linearly enhanccd average daily gain 

(ADG) and stocking rate, but marginal advantagcs were grcatcr bctween 0.2 and 0.4% BW 

thsn 0.4 and 0.8% BW. In Expenment I, ADG incrcascd frorn 0.33 to 0.67 kg!dayand final 

BW frorn 302 to 351 kg; in Experiment 2, ADG improved from 0.41 to 0.74 kg/day and final 

BW from 365 to 415 kg. Revcnues increased with supplcmentation, but net margin peaked at 

0.4% BW (US$IOI inExp. I; US$ 83 inExp. 2) anddeclincdatO.8% BW dueto highcrcosts 

and reduced efficicncy. The simulation confirmed that greater supplcmentation could shortcm 
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finishing time and reduce projected feedlot costs; however, system profit margin was 

maximi",d at 0.4% BW (US$ 183 in Exp. I; US$ 127 in Exp. 2). At lhe 300-ha scale, output 

increased with higher supplementation, but total profit was optimiuxl at 0.4% BW (US$ 

253,000 in Exp. I; US$ 129,000 in Exp. 2). In conclusion, dry soason becf catt1c 

supplementation at 0.4% BW on tropical pastures yielded the best performance, cost 

management, and profitability in simulated pasture and feedlot finishing. 
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Introduetion 

Nutritional supplementation of grazing beef cattle is a wideIy adopted strategy to partial1y 

offset seasonal declines in forage quality and quantity. By providing concentrated nutrients 

during the dry season, supplementation can increase average daily gain (ADG), raise final body 

weight, and effectiveIy increase pasture stocking rate (Faria et al, 2024). However, the 

reIationship between supplementation leveI and animal response shows diminishing returns, 

meaning that higher supplementation leveIs improve performance, but not at the same rate as 

the increase in supplement intake, which impacts the cost effectiveness of this strategy. 

Understanding the biological response to different leveIs of supplementation, and how this 

response translates into productive and economic outcomes, is critical for profitability in 

tropical beef production systems. 

The present study was designed to eva1uate economic trade-offs associated with three 

supplemcntatinn leveis (0.2, 0.4, and 0.8% nf body wcight) offi:rcd to bcnf catt1c grazing 

tropical pastures during the dry season. Our primaI)' objective is to identifY an optimal 

supplementation leveI that maximiUls economic margins when considering on1y feed costs (i.e. 

partial budgeting). To make recommendations that are useful to farmers, we also simulate a 

scenario in which animaIs are finished in feedlots after the pasture supplementation phase. This 

framework allows us to clarifY whether invesbnents in stockers' higher supplementation rates 

during the dry season can reduce the time to slaughter sufficient1y to justify their costs, or 

whether lower supplementation remains the more cost-effective option under typical 

production conditions. 

Methods 

Two experiments were carried out during the dry season of 2024 at Embrapa Beef Cattle, 
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Campo Grande, Mato Grosso do Sul, Brazil (20"27' S, 54°37' W; 530 m .. s.1.). The 

experimental site is located in a tropical savanna region, with markcd seasonality in rainfall 

distnbution. During the experimental period, avcrage monthly precipitation was 16 mm. All 

procedures involving animals followed the guidelines of the National Council for Animal 

Experimeotation Control (CONCEA) and were approved by the Anima1 Ethics Committee of 

Embrapa Beef Catt1e. 

In Experiment 1, 36 cross-bred Angus-Nellore buIls with an initial average body weight 

(BW) of 250 kg were used The experimental design was a randomiuxI block with three 

treatments (0.2, 0.4, and 0.8% BW of a protein-energy supplement, as-fed basis) and thrcc area 

replicares per tteMmenI (0.95-ha paddocks of Brachiaria brizantha cv. Marandu). The 

evaluation period lastcd 150 days, covering the c:otire dry scason. In Experiment 2, another 36 

cross-bred Angus-Nellore bu1ls were used, with an initial average BW of 325 kg. The design 

was also a randomiuxl block with three supplementation leveIs (0.2, 0.4, anel 0.8% BW of a 

protein-encrgy supplement) anel three arca replicatcs per treatment (l.5-ha paddocks of 

Brachiaria decumbens). The triallasted 110 days. Brachiaria brizantha cv Marandu and B. 

decumbens are some ofthe most popular pasture species in Brazilian cattle farming. 

The supplement offered in both experiments was a protein-energy mixture made of ground 

soybean grain (17.6%), groundcom grain (70.6%), feed-grade =a(6.1%), anda commeroial 

mineral mixture (5.7%). On a dry matter basis. the supplement contained 29% crude protein 

(CP), 9.9% neutral d_geol fiber (NDF), and 78.5% total digestible nutrieots (TDN). The cosI 

ofthe supplemeol, recoroed at the beginning ofthe experimental period, was sei at USS 0.231kg 

and used for the economic analysis. Supplement was offered oncc daily at 10:00 h. Quantities 

were adjusted every 28 days based on the mean BW of animaIs in each paddock. maintaining 

lhe target intake leveis (0.2, 0.4, or 0.8% BW). Feed troughs were inspectod daily to verify 

complete consumption. 

AnimaIs were managed under continuous grazing with variable stocking rate to maintain a 

re1ative1y constant forage allowance within treabnents. Stocking acljusbnents were made by 

adding or removing animaIs from the paddocks. ensuring that treatment differences were due 

to supplementation anel not confounded by forage restriction. Body weights were recorded at 

lhe start and eod of the experimeols, and at 2S.day intervals throughout, following a 16-h 

fasting period with access to water on1y. These measurements were used to calculate total BW 

gain and average daily gain (ADG) for each period and for the overall experimental duration. 

Stocking rate was calcu1ated as the product of mean BW and the number of animaIs per 

paddock, expressed in anima1 units per hectare (AU/ha), assuming I AU ~ 450 kg BW. Total 
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gain per hectare was calculatod by multiplying ADG by stocking rate. 

Data from both experiments werc ana1y~ scparately using a randomiuxI block design, in 

which blocks were de:fined according to the initial body weight of the animaIs. For each 

variable eva1uated (initial and final bndy wcigh~ average daily gain, total gain, stocking rate, 

and gain per hectare), the effect of supplementation leveI was assessed by regression ana1ysis 

to test for linear and quadratic trends in the responscs. Statistica1 significance was dcclared at 

P<0.05. 

Economic analysis was based on feed costs and carcass revenue. Gross revenue per animal 

was obtained by converting total BW gain into carcass equivalent, using a fixcd dressing 

percentage ofSOOIo. Carcass weight was expressed in arrobas (1 arroba = 1 S kg carcass weight) 

and multiplied by theprcvailing marketprice at the end of cach experiment (US$ 53.5l/arroba). 

Average supplement intake was estimatcd from mean BW ofthe animals in each treatment and 

the supplementation leveI (o/oBW). Net revenue was calculated as gross revenue minus 

supplementation cost, which was determined from estimated supplement intake and price per 

kilogram. 

Additionally, a deterministic simulation routine was run in a Microsoft Exce1 spreadsheet 

to evaluate the potential impact of supplementation leveIs, during the grazing stage, on the 

lcogth and cost of fuedlot. The simu1ation used the observed final body wcights from 

Experiments I and 2 as starting points for each treatment. From these values, the number of 

feedlot days required fur animals to reach a slaughter wcight of 580 kg was calcu1ated, 

assuming an ADG of 1.5 kg. Feedlot costs were estimated by assuming a daily dry matter 

intake equivalent to 2% ofbody weight and a total mixed ration pricc ofUSS 0.24/k:g on a DM 

basis. Profit margin was estimated by calcu1ating total wcight gain during lhe feedlot slage. 

This gain was converted into carcass equivalent using a tixed dressing percentage of50% and 

expressed in arrobas to determine gross revenue (USS 53.5l1arroba), which was then compared 

against the total feed costs, obtained from the sum ofpasture supplementation expenses at each 

leveI and the estimated feedlot costs. 

Results 

In both experiments, initial body weight did oot differ within treabnents, which was expected 

since animais had beco blocked by wcight at the beginning oflhe trials (fable I). In Experiment 

1, supplementation promoted a linear increase in average daily gain, from 0.33 k!ifday at 02% 

BW to 0.67 kg/day at 0.8"/0 BW, resu1ting in progressive1y higher final body wcights (301.7 to 

350.8 kg). Stocking rate also increased linearly from 235 to 2.73 AUIbs, indicating that as 
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concentrate supplementation increased, forage intake per animal was likeIy partial1y 

substituted by supplement intake. In Expenment 2, the same linear pattems were observed. 

Average dai1y gam increased from 0.41 to 0.74 kg/day,lcadiog to an increase in final body 

wcights Ihat ranged from 365.4 to 415.1 kg. Stockiog rate was also positivc1y affected by 

supplementation, varying linearly from 2.31 to 2.63 AU/ha. 

Table 1. Performanee and stoddD.g rue of beef eattle supplemented at differeat leveis 

durillg lhe dry ... soa, Compn Gnnde, MS, Bnzi1 (2024). 

Experiment 1 

Supplement leveI, % BW 0.2 0.4 0.8 Regression trend 

lnitial body weigb~ kg 250.04 249.79 249.5 Not significant 

Final body wcigb~ kg 301.67 328.83 350.75 Linear 

Average dai1y gam, kg/day 0.33 0.488 0.673 Linear 

Total wcight gain, kg 51.87 78.8 101.25 Linear 

Stock:ing rate, AU/ha1 2.35 2.56 2.73 Linear 

Experiment 2 

Supplement leveI % BW 0.2 0.4 0.8 Regression trend 

lnitial body weigb~ kg 320.08 319.79 333.7 Not significant 

Final body wcigb~ kg 365.37 386.08 415.12 Linear 

Average dai1y gam, kg/day 0.41 0.6 0.74 Linear 

Total wcight gain, kg 45.29 66.29 81.41 Linear 

Stock:ing rate, AU/ha1 2.31 2.45 2.63 Linear 

1 AU - anima1 unit, defined as 450 kg BW. 

However, the ana1yres ofthe marginal increments indicated that the gains were less than 

proportional to the increase in supplement leveI, as expected. In Experiment 1, the 

improvement in ADG per unit of supplement was nearly twice as high when supplementation 

increased from 02 to 0.4% BW compared with the interval from 0.4 to 0.8% BW, and the same 

patlem was observed fur tota1 wcigbt gain. In Experiment 2, ADG and total wcight gaID also 

increased at a faster rate in the lower supplementation interval, with smaller incrementaI 

benefits observed at the higher leveis. Taken together, these resuIts demonstrate that the 

biologica1 response followed a linear pattem, but the magnitude of the gains declined as 
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supplementation leveI increased, which is consistent with the reduced efficiency ofweight gain 

at higher growth rates, reflecting changes in the composition oftissue deposition, with a greater 

contribution of fat relative to lean tissue (Tedeschi et al., 2004). 

Consistent with these biological responses, the economic analysis showed that higher 

supplementation leveIs increased revenues but also raised feed costs. In Experiment 1 (Figure 

1), revenue per animal increased from US$ 92.52 at 0.2% BW to US$ 180.60 at 0.8% BW, 

while supplementation costs were US$ 19.03, 39.92, and 82.83, respectively, for the 

supplementation leveIs ofO.2, 0.4, and 0.8% BW. Consequently, profit margin improved from 

US$ 73.48 at the lowest supplementation leveI to a peak ofUS$ 100.63 at 0.4% BW, but then 

decreased slightly to US$ 97.76 at 0.8% BW. 
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Figure 1 - Economic impact 01 increasing supplementation leveis on Angus x Nellore bulls 

grazing Brachiaria brizantha cv. Marandu (Experiment 1). 

In turn, in Experiment 2, revenues ranged from US$ 80.78 at 0.2% BW to US$ 145.21 at 

0.8% BW (Figure 2). Total supplementation costs were lower than in Experiment 1 because 

the triallasted 40 days less, averaging US$ 17.34,35.72, and 75.78 per animal for the 0.2, 0.4, 

and 0.8% BW treatments, respectively. However, profit margin peaked at the intermediate 

supplementation leveI (0.4% BW, US$ 82.52) and dropped sharply at 0.8% BW (US$ 69.43), 

where additional revenue failed to compensate for the higher feed cost. This sharp decline 

appears to result from the interaction between high supplement intake and the heavy animaIs' 

reduced efficiency to put on additional weight. Since these were the heaviest cattle in this trial, 

their absolute intake at 0.8% BW was greater, but the incrementaI improvement in ADG 
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between 0.4 and 0.8% BW was proportionally smaller than that observed between 0.2 and 0.4% 

BW. This pattem likely reflects changes in the composition ofweight gain, as heavy animaIs 

tend to deposit more fat relative to lean tis sue when growing faster. Since fat deposition is less 

efficient than lean tissue from an energetic standpoint (Ferrell and Jenkins, 1998), feed 

conversion efficiency declined, so that higher supplementation costs at 0.8% BW were not 

matched by proportional carcass weight gains, leading to a pronounced reduction in profit 

margin compared with the intermediate levei. 
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Figure 2 - Economic impact 01 increasing supplementation leveIs on Angus x Nelore bulls 

grazing Brachiaria decumbens (Experiment 2). 

In our feedlot fmishing simulation, higher supplementation leveIs during grazing 

systematically shortened days on feed and reduced feedlot costs, despite slightly higher daily 

intakes (Table 2). In Experiment 1, days to slaughter decreased from 186 (0.2% BW) to 168 

(0.4% BW) and 153 (0.8% BW), while estimated daily intake increased modestly from 8.82 to 

9.31 kg DM, yielding total feedlot costs of US$ 393.58, 366.44, and 341.77 per head, 

respectively. Margins for the overall system (grazing + feedlot) averaged US$ 175.93, 182.62, 

and 164.90, with the best outcome at the intermediate supplementation leveI (0.4% BW). 

Similarly, in Experiment 2, finishing time decreased from 144 to 130 and 110 days as 

supplementation increased, while feedlot costs declined from US$ 326.72 to 301.42 and 262.71 
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per head, respectiveIy for 0.2, 0.4, and O.SOIo BW. System margins followed the same trend, 

peaking at 0.4% BW (USS 126.99) and dropping to 100.82 at 0.8% BW. Taken together, these 

results reinforce the superiority of the intermediate supplementation leveI, which combined 

lower feedlot costs with higher biological efficiency and superior margins. 

Table 2. Simulated feed10t outenm .. ofbeef .attle after graziDg tropical pastares with 

di:lJerent supplementation leveis. 

Experiment 1 Experiment 2 

LeveI of supplementation, % BW 0.2 0.4 0.8 0.2 0.4 0.8 

Days to slaughter 186 168 153 144 130 110 

Average daily intake, ktifday DM 8.82 9.09 9.31 9.45 9.66 9.95 

Feedlot cost, USS/head 393.6 366.4 341.8 326.7 301.4 262.7 

Total weight gaio, kgl 330.0 330.2 330.5 259.9 260.2 246.3 

Total revenue, US$/head1 588.5 589.0 589.5 463.6 464.1 439.3 

Total <xpense, USS/headl 412.6 406.4 424.6 344.1 337.1 338.5 

Total margin, USS/headl 175.9 182.6 164.9 119.6 127.0 100.8 

lConsidering pasture pIus feed10t values. 

Experiment 1 - animaIs grazing on Brachiaria brizantha cv. Marandu. 

Experiment 2 animaIs grazing on Brachiaria decumbens. 

It is worth noting that the increase in supplementation leveIs results in higher pasture 

stocking rates, which, in turn, require growing number of stockers. Thus, if we scale up to a 

300-ha pasture base (Figure 3), greater supplementation leveis would increase the number of 

animaIs going to the feedlot after the grazing phase. For instance, in Experiment I, the number 

of animaIs entering the feedlot would increase from 1,270 at 02% BW supplementation to 

1,384 at 0.4% BW anel 1,476 at O.SOIo BW. A similar pattern was observed in Experiment 2, 

where head counts wou1d rise from 961 to 1,019 anel 1,094 across the same supplementation 

leveIs. However, the lower system margin per head at 0.8% BW offset the advantage ofhigher 

throughput As a resulto total system margin per 300 ha was maximized at the intermediate 

suppleroentation leve~ roaching xpproximate1y USS 253,000 in Experiment 1 and USS 129,000 

in Experiment 2. In contrasto the highest supplementation leveI consistent1y generated lower 

overall profits despite the larger number of animaIs finished. Therefore, under the current 

assumptions, increasing supplementation from 0.4 to 0.8% BW increases the number of 
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animaIs fmished but does not maximize profitability in a complete fmishing system. 

Despite not being part of this study, a point of consideration is the indirect impact of a 

growing number of cattle, resulting from more intensive systems, in the cash flow and capital 

required to buy stockers in rearing-fmishing operations. 
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Figure 3. Economic outcomes olbeel cattle production systems combining grazing at 

different supplementation leveIs (300-ha scale) and leedlot finishing. 

Conclusions 

Supplementing grazing beef cattle at 0.4% BW during the dry season proved to be the most 

feasible and profitable approach, ensuring favorable individual performance, manageable feed 

costs, and the best overall economic returns. These fmdings provi de practical guidance for 

decision-making in tropical beef production systems aiming to optimize both productivity and 

profitability. 
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