Calf Notes.com

Calf Note #236 — The BRIX Controversy

Introduction

The BRIX refractometer has become a widely used tool on dairy farms to estimate the IgG concentration of
colostrum and determine whether or not the colostrum is suitable (i.e., sufficient IgG) to feed to newborn
calves in the first day of life. We tell producers that colostrum with more than 21% or 22% BRIX generally
contains more IgG than colostrum with lower BRIX values. While this management approach is being
widely and successfully used in many parts of the world, a recent paper from the Journal of Animal Science
challenges the accuracy of the BRIX refractometer to estimate colostrum IgG. Based on this research, some

rofessionals are advising producers ‘““Whyv there is no such thing as colostrum quality”’ and that using the
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BRIX refractometer is a waste of time.
The Controversy

Recently, Schalich et al. (2021) challenged the value of using a BRIX refractometer on farms to estimate
colostrum IgG. These authors collected colostrum from cows and evaluated the relationship between BRIX
and IgG, measured using Western Blotting, a technique not typically used for measuring IgG in colostrum.
The researchers compared the relationship between BRIX and IgG and found no significant relationship. So,
they concluded that “Based on our results, the current classification of “good” and “poor”-quality colostrum as interpreted by
*Bxc values is unfounded; 1gG concentration is not reflected in *Bx values, and any extrapolation for on-farm management is
unsubstantiated.”. Wow! Strong words, particularly when considering that many other studies show a strong
relationship between BRIX and colostrum IgG.

A group of researchers expressed concern about the paper by Schalich et al. (2021). Their concern was that
published studies that question the use of BRIX to measure colostrum IgG might spread confusion in the
industry and farmers may not use the BRIX refractometer to manage colostrum feeding. So, they wrote a
letter to the editor (Lombatd et al., 2022) and concluded that the BRIX refractometer was indeed a valuable
on-farm tool. These authors (including myself) wrote: “The conclusion that the “classification of good- and poor-guality
colostrum as interpreted by °Bx values is unfounded ...” with a sample size of 27 high quality colostrum samples is not valid,
generates confusion, and its adoption conld be detrimental for dairy-calf health. We believe previous literature shows the utility of
the Brix refractometer in identifying poor quality colostrum and nrge producers to keep using this management tool until a better
tool becomes available or we have clear evidence that Brix refractometer values are not helpful in identifying poor quality
colostrum.”

Not to be deterred, the original researchers responded to the challenge by Lombard et al. (2022). Their
response to the letter (Schalich and Selvaraj, 2022) “doubled down” on their conclusion that colostral IgG
and BRIX were not meaningfully related. The authors wrote “Our conclusion that “"Bx values do not reasonably
indicate IgG concentration to serve as a measure of ‘colostrum quality’” (Schalich et al. 2021), is based on irrefutable
excperimental evidence. Through detailing the component-by-component basis of Brix® {sic} refractometer readings (*Bx), we
revealed the impact of an independent variable, that effectively invalidated strong conclusions drawn in prior studies regarding the
prediction of 1gG concentration from "Bx values of colostrum.”

So, what gives? Who’s correct in this debate of the value of the BRIX refractometer? Let’s take a deeper
dive into the science behind the debate and see if we can understand what’s going on. But, to begin, and to
help us understand the nature of this debate, I'll use an analogy of one of my favorite pastimes — marathon
running.


https://www.agproud.com/articles/54690-why-there-is-no-such-thing-as-colostrum-quality?v=preview

An analogy

Let’s say that we want to know what physical factors are associated with a runner’s finishing time in the
marathon. We notice that, while people with different body types (fat, thin, muscular, average, Figure 1) will
finish a marathon, most of the fastest finishers tend to be on the thinner part of our body mass spectrum. We
see that in a typical marathon, 9 of the top 10 finishers are thin runners (Figure 2) and there’s not so much
variation here. If we look at finishers in the later parts of the

marathon (Figure 3), we see more larger runners and more 6 = - 4
variation in those finishers. ] ” w w
So, we want to see if body fatness is related to the runner’s Figure 1. Body shapes of runners finishing a marathon
finishing time. Times to finish the marathon might range from ) ) ) )

a little more than 2 hours to about 8 hours, depending on the runner’s degree of training, experience, muscle
strength, endurance — and maybe body fat.

We want to know if there’s a relationship between

body fat and finishing times for a// marathoners, so P °® ® ® °

we find a representative subset of finishers — with ® o (] ® w [ ]
finishing times from less than 3 hours to more than w w w w w w

6 hours — and we see a representation of the body

types in Figure 4.
P & Figure 2. Top 10 finishers

Note that in Figure 4 we want to true representation

of all finishers — not just the fastest or slowest. And, we want a large enough number of finishers to capture
the total variability in body types — we may have some fat runners who are really fast, and some thin runners
who are pretty slow. We choose a large enough “sample size” to capture all of this variation. We also want
our sample to represent as many runners as possible — so we measure fast runners, slow runners, and those in
the middle. There are statistical “rules” that tell @

. . 4
us how many subjects we need to use, so we . w w -

follow these “rules” and end up measuring 250 oy
volunteers at the end of the race. Stinky work, - -
but done in the name of science! Figure 3. 1 /i//f/}(/: in latter half of the /;/gmf//(w. ” ”

For each runner, we record their marathon finishing time and their body fat percentage, using a handy device
called a skin-fold caliper. You simply squeeze a person’s waist and the caliper will estimate the person’s total
body fat percentage. It’s fast, easy, and cheap to estimate body fat percentage using skin-fold calipers.

So, we measure all the runners in our sample, put the data into the computer, do some “statistical magic”
and... voilal We see that there is indeed a relationship between body fat and finishing time (Figure 5)! We
see that, in general, thinner runners are
more likely to finish earlier and fatter ® o - B e =
. . °

runners are likely to finish later. The R2 w ‘n‘ w fn] ﬂ w ‘R w ‘n {n] w ln =
statistic tells us how close the - =2 — ’"‘
relationship is. An R2 = 1.0 is a perfect ‘ D "W w 9 ‘R
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no relationship. In our example, the R2 P % A ve
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= 0.67, which is a pretty reasonable Figure 4. All finishers of the marathon. ,’ "
value, and indicates that fatness indeed
influences finishing times. A runner with 10% body fat in our sample is likely to run about 3 hours while a
runner with 20% body fat will probably run about 6 hours. Of course, the relationship is not perfect, and we
know that other factors will affect finishing time. So, we’re happy that we’ve solved one of the mysteries of
the universe — success in the marathon is at least somewhat related to body fatness.

Back to the Controversy



Let’s also say that there’s another research group, who did a 100

similar type of evaluation — determining fat percentage in MRREC :
marathon runners. Unlike our study, these researchers used a
different — and more accurate — method to measure body fat

percentage. Their method involves injecting dye into a person’s
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vein and then collecting blood samples over a petiod of time. o *,
Obviously, not a lot of marathon runners are willing to get -

injected with dye and give blood right after finishing a marathon, o0 | - - - - g
so their sample is small — only about 25 volunteers. It also turns Body fa, 5%

Figure 5. Relationship between runner body fat % and finishing
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out that the group willing to be measured were the fastest runners, ,°

like those in Figure 2. They do their analysis and find no

relationship between body fat percentage and finishing times. The researchers conclude that their research is
correct and our research must be wrong, because we used skin-fold calipers, which aren’t as accurate as their
dye method. They don’t mention that their small number of measurements was only in elite runners, who are
all thin, and who are all fast. They write up the research proclaiming that the rest of the scientific literature is
wrong and they’re right and body fat is NOT related to finishing time.

Back to BRIX

So what does this analogy have to do with the “BRIX controversy”? A lot actually. Here are a few
considerations regarding IeG and BRIX.

IgG and BRIX measures in colostrum are highly correlated. 1've summarized a number of studies that
are available in the literature regarding measurement of colostrum IgG and BRIX in several mammalian
species (Table 1). The consistency of the relationship between IgG and BRIX is truly impressive. In 30 of
the 32 studies, the correlation was highly significant, indicating a strong relationship. In only two studies
(Gross et al., 2017 and Schalich et al., 2021) was the correlation not statistically significant. And in these two
studies, fewer than 30 samples were used in their respective analyses. Further, samples in these two studies
generally measured colostrum with high concentrations of IgG, which may not be representative of the actual
population being measured on modern dairy farms.

Schalich et al. (2021) measured a small number of colostrum samples (n = 28) and found that factors other
than IgG were related to BRIX. They concluded that other colostral components (e.g., fat, non-Ig proteins)
were highly related to BRIX. Their samples were all high in IgG and the range of their IgG concentrations
were dissimilar to ranges of IgG found in colostrum sampled in populations that were representative of
colostrum collected on modern dairy farms (e.g., Morrill et al., 2011). So, like measuring only the elite
athletes, these authors found no relationship between BRIX and IgG.

Refractometers don’t measure IgG. Schalich et al. (2021) argued that BRIX refractometers don’t measure
IgG. They concluded that BRIX is more highly correlated to solids. There is no epiphany here. Many other
studies in the literature have also reported that BRIX is more highly related to total solids concentration than
IgG per se. 1 summarized this relationship in Calf Note #39.

Let’s be clear — a refractometer doesn’t measure IgG. A refractometer only measures the bending of light as
it passes through a liquid. Dissolved particles interact with the light, causing it to bend as it passes through
the solution. More particles means more bending of the light. The change is linear, so we can assign values
to these changes. In colostrum, ALL the solutes will contribute to the bending of light, which we measure as
increases in the BRIX value. Therefore, colostrum with mote fat will increase the BRIX value. Proteins
other than IgG will increase the BRIX value. More lactose will increase the BRIX value. Thus, the idea that
BRIX accurately measures IgG is simply incorrect. Therefore, critics of BRIX refractometers are technically
correct that BRIX doesn’t measure IgG. A more accurate conclusion is that BRIX measures total solids in
colostrum.

IgG is related to colostral solids. TFortunately, there is a strong relationship between total solids and IgG in
colostrum, as has been reported by many authors (e.g., Quigley et al., 1994; Hue et al., 2021). In general,
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colostrum with greater density (more total solids) has more IgG. This is the reason that there is a relationship
between BRIX and IgG in colostrum. BRIX estimates solids and solids is related to IgG — as well as other
components of colostrum. However, if we look at the totality of colostrum likely to be produced on a farm,
there is good relationship between BRIX and IgG.

BRIX can reasonably exclude low IgG colostrum. In my marathon example, I mentioned that I might
find thin runners who are slow, but I’'m not likely to find may fat runners who are fast. The same situation
holds true for colostrum. With high BRIX colostrum, the high solids concentration could be due to large
amounts of fat, casein, or non-IgG whey proteins. It could also be due to high concentrations of IgG. And,
we know that, because solids and IgG are related, there is a reasonable likelihood that high BRIX colostrum is
likely to have higher IgG.

However, what about low BRIX colostrum? In this case, the probability of low BRIX colostrum having lots
of IgG is quite remote — like my analogy of fat runners completing a marathon in less than three hours. So,
in this case, the BRIX refractometer can be a reasonable tool to exclude colostrum that is unlikely to have
enough IgG to feed the calf while it can most efficiently absorb IgG. This simple management change can
effectively reduce the percentage of failure of passive immunity on the farm and reduce morbidity and
mortality.

BRIX is a reasonable on-farm estimate of IgG. A BRIX refractometer is simple, cheap, and fast. It can
give us a reasonable idea of the total solids content, and in most cases, the IgG concentration of colostrum.
It’s certainly not perfect! The correlation coefficients listed in the Table indicate the strength of the
relationship between BRIX and IgG. If we square the correlation coefficient, we calculate the statistic R2,
which tells us the proportion of variability accounted for by the two variables. Of course, other factors may
affect BRIX measures, but the degree of relationship between IgG and total solids suggests that we can
reasonably exclude the colostrum <20% BRIX that is much less likely to contain sufficient IgG.

BRIX and IgG may not be related in one study. The strength of the relationship between colostral BRIX
and IgG depends on sufficient variability within the dataset being tested. A small data set with limited
variability is much less likely to show a statistical relationship between BRIX and IgG, as reported by Schalich
et al. (2021). Therefore, it’s important to look at several studies with different populations of animals and
under different conditions to conclude if there truly is a relationship between BRIX and IgG. Table 1 shows
the high degree of relationship between BRIX and IgG in cows and other species. So, while one author may
report a lack a relationship, when we consider “the bigger picture”, we conclude that the relationship certainly
exists.

Conclusions should be based on representative sampling. To be applicable to the industry, the sample
of data (in this case, of colostrum) used a study should be representative of the population for which we want
to make conclusions. In many cases, a small sample limits the wide application of results. Sample sizes may
be small, or the variation within the study population may be too small to truly represent the entire
population of animals we see in the industry. In the case of small samples, it’s common for study authors to
conclude something like “within the context of our study” to warn the reader that other studies should be
considered before a conclusion can be reached regarding the entire population of cows in the industry.

Summary

The BRIX refractometer is an excellent tool to manage the colostrum we feed to calves. It can be used to
exclude colostrum that is likely to contain too little solids — and IgG — to be used as a first feeding for calves.
Calf raisers should continue to use this tool in their colostrum management programs. Those who advise
producers to ignore the BRIX refractometer are doing a disservice to the industry and to the farmers they
advise.
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Table 1. Published references comparing BRIX and IgG in colostrum from various mammalian species.

IgG Range (low-

Reference Species Breed IgG method No. samples ) Correl. Prob.

Molla, 1980 Dairy Cattle RID 0.89 0.001
Chigerwe, 2008 Dairy Cattle Holstein RID 171 0.64 0.001
Bielmann, 2010 Dairy cattle Holstein RID 288 22.4-196.9 0.71* 0.001
Morrill, 2012 Dairy cattle Varied RID 824 2-116 0.73f 0.001
Quigley, 2013 Dairy cattle Holstein RID 183 7.1-159.0 0.75 0.001
Bartier, 2015 Dairy cattle RID 569 8.3 —128.6 0.64 0.001
Morrill, 2015 Dairy cattle Jersey RID 58 12.8 — 154.3 0.79 0.001
Dunn, 2017 Dairy, Beef cattle Vatied e > i o o
Elsohaby, 2017 Dairy cattle Holstein RID 240 8.4-2324 0.72 0.001

Gross, 2017 Dairy cattle Holstein ELISA 28 40 — 395%* 0.18 NS
Stoji¢, 2017 Dairy cattle Holstein RID 16 65— 165 0.77 0.001
Silva-del-Rio, 2017 Dairy cattle Jersey RID 134 23.7-172.9 0.81 0.001
Pechova, 2019 Dairy cattle Varied RID 1,522 52-199.1 0.67 0.001
Lemberskiy-Kuzin, 2019 Dairy cattle Holstein ELISA 72 8—113 0.79 0.001
Johnsen, 2019 Dairy cattle Norw. Red RID 167 5-129 0.71 0.001
Gamsjiger, 2020 Beef cattle Varied RID 416 19.2 — 264.7 0.71 0.001
Fahim, 2021 Dairy cattle Montbeliard ELISA 132 6.0—114.8 0.68 0.001
Kessler, 2021 Dairy cattle ELISA 108 0.83 0.001

Schalich, 2021 Daity cattle Holstein Western blot 27 80 — 245%* 0.36 NS
Sockett, 2022° Dairy cattle RID 183 17 — 222 0.85 0.001
Vermeire, 2022° Dairy cattle Holstein fTIR* 441 1.2-63.8 0.70 0.001
Mila, 2015 Dogs ELISA 145 0.8-61.4 0.53 0.001
Giammarco, 2021 Buffalo ELISA 26 13-110 0.75 0.001
Harker, 1978 Sheep RID 0.79 0.001
Sjoberg, 20217 Sheep RID 40 0.6 —297.6 0.82 0.001
Kessler, 2021 Sheep ELISA 100 6.2-065.4 0.75 0.001
Castro, 2018 Goats Majorera ELISA 216 0.1-54.0 0.89 0.001
Buranakarl, 2021 Goats Varied ELISA 21 6.7—-16.2 0.59 0.005
Kessler, 2021 Goats ELISA 116 4.8 —75.0 0.83 0.001
Hasan, 2016 Swine Yorkshire x ELISA 153 12.8-130.3 0.64 0.001
Balzani, 2015 Swine RID 42 13.3 -35.0 0.56 0.001
Cash Equine RID 66 0-80 0.94 0.001

*Correlation coefficient for optical refractometer. Digital refractometer correlation = 0.73.

**Hstimated from graphical data.

tCorrelation of samples wherein BRIX was measured immediately and RID was measured in samples frozen once = 0.90 (n = 196).
HTIR = Fourier-transform infrared spectroscopy.
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