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BASIC DETAILS

Review title

The effect of rumen-protected glucose on the production parameters of dairy cow - a systematic review and meta-analysis
Review objectives

Does feeding rumen-protected glucose to dairy cows improve energy balance and production parameters in early
lactation?

P: Dairy cows in early lactation

I: Rumen-protected glucose (RPG) supplementation

C: No RPG supplementation

O: Milk yield, milk composition, metabolic profile, health events
Context and rationale

In early lactation, dairy cows face high energy and nutrient demands as milk production peaks. Still, dry matter intake often
fails to meet these requirements, leading to negative energy balance and mobilization of body fat. Rumen-protected
glucose (RPG) is a commercially available feed additive that supplies energy directly post-ruminally, bypassing ruminal
degradation, which is crucial given ruminants’ unique carbohydrate metabolism that limits glucose absorption in the rumen.
Protecting additives against ruminal breakdown ensures glucose reaches the small intestine for efficient utilization,
promoting dairy health and production in early postpartum cows. Recent studies from 2020-2025 show RPG
supplementation at 450 g/day linearly increases milk yield, energy-corrected milk, body weight, and milk-to-feed ratio while
elevating blood glucose and reducing nonesterified fatty acid and B-hydroxybutyrate concentrations, indicating improved
energy balance and lower while elevating blood glucose and reducing nonesterified fatty acid and p-hydroxybutyrate
concentrations, indicating improved energy balance and lower ketosis risk. These consistent positive effects on production
parameters highlight the need for meta-analysis to quantify efficiency.
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SEARCHING AND SCREENING

Searches

We will perform searches in MEDLINE (via PubMed), Scopus, Web of Science, Google Scholar, and CABI. The reference
lists of eligible articles will be hand-searched to identify other potential studies. If necessary, we will search relevant
manufacturers’ websites for study information.

Study design
Only randomized study types will be included.

Included
Randomized controlled trials, controlled clinical trials

Excluded
Non-randomized studies

Case reports

Case series
Cross-sectional studies
Cohort studies
Case-control studies

Non-peer-reviewed publications in journals, conference abstracts, extension papers, webpages, PhD or MSc theses
Date of search: ide majd beirjuk a felt6ltés utani napot

Filters and restrictions: none



Link to search strategy
A full search strategy is not available.

ELIGIBILITY CRITERIA

Disease modelled

Negative energy balance postpartum and linked disorders

Animals/Population

Included
Dairy cows (Bos taurus) in early postpartum (0-100 days in milk)

Hybrids with other species will also be considered

Excluded
Other related species (Bos indicus, buffalo, yak, etc.),

Beef cattle breeds,

Dual-purpose breeds,
Calves, steers,

Mid- or late lactation cows

Intervention(s) or exposure(s)

Included
Administration: rumen-protected glucose supplement added to the daily ration

Supplementation timing: early postpartum / dry or transition period
Supplementation duration: at least 14 days of supplementation

Rumen protection level of the supplementing agent: known

Excluded
Supplementation duration: Less than 14 days of supplementation

Rumen protection level of the supplement: unknown / not reported

Comparator(s) or control(s)

Included
Comparator groups would include isocaloric/isonitrogenous control diets, a different dose of RPG supplementation, RPG

supplementation only with a rumen-protective carrier (“placebo”) and no supplementation, respectively.

Excluded
Comparators other than those listed in the inclusion criteria

Other selection criteria or limitations applied
Included
Language: English, Chinese, Spanish, Portuguese, Italian, German, Hungarian

Date: All publication dates

Excluded
Language: other than included

OUTCOMES TO BE ANALYSED
Outcome measure(s)

Included
Inclusion criteria: milk yield, milk composition, energy and protein metabolism-related parameters, immune and endocrine
status parameters, rumen fluid parameters, health events, body condition score, body weight, or reproduction parameters
reported

Excluded
Exclusion criteria: no relevant outcomes reported



DATA COLLECTION PROCESS

Study selection and data extraction

Procedure for study selection

The pool of articles retrieved from the advanced search will be downloaded into EndNote X (Clarivate Analytics,
Philadelphia, PA, USA). Duplicates will be removed first automatically and then manually. Selection will be made by two
independent review authors, based first on title and abstract, and subsequently on full-text content using Rayyan (Ouzzani
et al., 2016). A third independent reviewer will resolve disagreements. All potentially eligible full texts will be screened for
inclusion/exclusion criteria and for eligible data.

Cohen’s Kappa coefficient (k) will be calculated to evaluate inter-rater agreement during the selection process with the
following significance: k < 0 - no agreement; k=0.10-0.20 - none or slight agreement; k = 0.21-0.4 - fair agreement; k =
0.41-0.60 - moderate agreement; k = 0.61-0.80 - substantial agreement; k = 0.81-1.00 - almost perfect. Disagreements will
be resolved by a third, independent investigator at each step of the selection process.

Prioritise the exclusion criteria
1) The species does not match the inclusion criteria

2) The purpose does not match the inclusion criteria
3) The sex / age / lactation phase does not match the inclusion criteria
4) RPG supplementation details do not match the inclusion criteria

5) The reported outcomes do not match the inclusion criteria

Methods for data extraction
Data will be extracted independently using the standardized data collection form by at least two people, with an additional
independent reviewer to resolve disagreements.

Data will be extracted from the main text and the supplementary material, respectively, including textual content and
figures.

Corresponding authors will be asked to provide any required data not available or not clearly reported in published reports
via email. (In the absence of a response, a second and last enquiry will be sent 14 days later.)

We will create a standardized data-collection Excel spreadsheet based on the consensus of methodological and clinical
experts. We will extract the following data from the eligible articles: title, first author, DOI, year of publication,
country/center, study design, study period, demographics, and outcomes.

Data to be extracted: study design
Study design, study location, number of intervention and control groups, follow-up period, and sample sizes in intervention

and comparator groups.

Data to be extracted: animal model
Dairy cattle breed, parity, lactation phase (days in milk)

Data to be extracted: intervention of interest
Dose of rumen-protected glucose, level of rumen protection, starting time of supplementation (DIM), duration of
supplementation, carrier agent, method of supplementation (timing, frequency, way of administration).

Data to be extracted: primary outcome(s)
Milk yield: total milk yield (kg or 1), energy-corrected milk yield (kg or 1), fat-corrected milk yield (kg or I)

Milk composition: milk fat content (%), milk protein content (%), milk lactose content (%)

Data to be extracted: secondary outcome(s)
Secondary outcomes include: energy- and protein-metabolism-related parameters, immune and endocrine status

parameters, rumen fluid parameters, health events, body condition score, body weight, and reproduction parameters.

Study-specific reporting is expected to vary, and therefore, measurement units are not predefined. Conversion to the most
commonly used scale is planned, if possible.

Data to be extracted: other
Publication details - first author, year of publication, country of origin, Digital Object Identifier (DOI);

Risk of bias and/or quality assessment
By use of the SYRCLE's risk of bias tool (Hooijmans et al., 2014), adapted as follows:

Blinding is not applicable in studies with isocaloric/isonitrogenous diets as control (no placebo used, while supplementation
is top-dressed)



Housing randomly is not relevant, given that the cows are usually housed in groups in the same building

Method for risk of bias and/or quality assessment
Two independent authors will perform the risk-of-bias assessment. To resolve disagreements, a third author will make the

final decision.

(The quality assessment of the included studies will be performed with GRADE-Pro, based on the recommendation of the
Cochrane Collaboration )

PLANNED DATA SYNTHESIS

Strategy for data synthesis

Planned approach
A narrative synthesis is planned for all outcomes. Quantitative synthesis is planned when an outcome is reported on the
same or interconvertible measurement scales in at least 5 studies with aligning PICO frameworks.

Effect measure
The continuous outcomes include production and biochemical parameters, while health events are likely to be reported as
dichotomous outcomes.

For continuous outcomes, mean difference shall be used as an effect measure for outcomes reported as means with some
measure of spread, and when quantiles are reported sufficiently to estimate means and standard deviations. Median
difference shall be used as an effect measure for outcomes where only quantiles are reported.

For dichotomous outcomes, risk ratios are chosen as the effect measure.

Effect models
Random-effect meta-analysis models shall be applied.

Heterogeneity
Heterogeneity shall be assessed visually by comparing the individual study results with the pooled effect and also by I-
squared and tau statistics. The prediction intervals shall also be calculated for outcomes with at least 10 eligible studies.

Other
In cases with more intervention groups with identical control groups, multi-level meta-analysis models will be applied,

accounting for correlatedness via inclusion of covariance structure.
Analysis of subgroups or subsets

Subgroup analyses
Subgroup analysis is planned based on the nature and availability of data.

Proposed subgroups include: comparator type (e.g., isocaloric or placebo), breed, parity, duration of supplementation.

Sensitivity
Influence analysis - outlier detection, leave-one-out analysis, and visualizations - is planned, along with an analysis
including only low-risk studies.

Publication bias (small-study bias)

Funnel plots will be created if a forest plot has been made, regardless of the study number. Funnel plots shall be visually
inspected for symmetry. The Egger’s test or Peters’ test shall only be performed if the number of studies included in the
meta-analysis is at least 10.

Software

The R statistical environment shall be used, including ‘dmetar’, ‘meta’ or ‘metafor’ packages.
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