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This month’s issue features combatting malnutrition with certain milk sugars, increasing breast milk production with
herbs, suggestions from the recent edition of the Dietary Guidelines for Americans, and how trans fats from dairy may be
healthier than other sources of trans fats.

Dairy Industry’s Opportunity to Combat Malnutrition with Milk Sugars
•
•
•

•
•
•

Sugars found in breast milk are known to serve as prebiotics and help establish gut microbiota in infants.
A new study finds that specific milk sugars that are sialylated are present at lower concentrations in the
breast milk of mothers of undernourished children compared with mothers of healthy children.
The researchers transferred gut microbes from the undernourished infants into germ-free mice and pigs
and then fed these animals a diet supplemented with sialylated sugars extracted from cow’s milk by the
Hilmar Cheese Company.
The mice and pigs that received sialylated milk sugars showed microbiota-dependent improvements in
growth and many metabolic processes.
Unlike the milk sugars, the plant-based fiber, inulin, did not rescue the effects of malnutrition.
The results indicate that sialylated milk sugars could be a valuable food supplement to help combat
malnutrition, and suggest an opportunity for the dairy industry to produce such sugars.

Childhood malnutrition is a major global problem that can lead to severe growth stunting and causes more than 3 million
deaths every year [1]. Efforts to develop therapeutic foods to counteract the effects of malnutrition have had limited
success.
A new study, conducted by David Mills at the University of California at Davis and
Jeffrey Gordon at Washington University School of Medicine and others, finds that
diets supplemented with specific milk sugars helped to promote growth and
metabolic processes in germ-free animals that were transplanted with microbes from
malnourished children [2]. The growth improvements appeared to be mediated by
the effects of sialylated sugars on gut microbiota.
Sialylated sugars are abundant in breast milk, and they have been associated with
the development of gut microbiota and prevention of intestinal infections. The new
study used sialylated sugars extracted from cow’s milk, where they are found at
much lower concentrations, and the researchers suggest that this provides an
opportunity for the dairy industry to produce these sugars.
“I think it’s a beautiful study that shows how milk components are key to growth, and
also shows why breast feeding is so critical,” says Mills. “That also creates
opportunities because you can use those same fractions to try to help kids that can’t
get human milk,” he says. “It also shows that the microbiota of the developing child
is critical to that growth as well, so it’s not just milk, it’s milk and the microbiota,” says
Mills.
A crucial step will be to replicate the findings in humans. “Most importantly, we need to repeat these studies and move it
to a human clinical trial,” says Mills. “What we need to do is try to get these into foods, into clinical trials, first for healthy
kids, and then hopefully to help produce some durable changes in the kids who are malnourished,” he says.
Developing better foods for malnourished children
Previous studies have shown that the normal development of gut microbiota is disrupted in undernourished children [3].
Another new study led by Jeffrey Gordon also showed that impaired development of gut microbiota can have direct
impacts on growth in a germ-free mouse model [4].
Sugars found in breast milk, called human milk oligosaccharides (HMOs) are known to function as prebiotics and help
establish gut bacteria that provide various health benefits [5-9]. Mills had been working on milk oligosaccharides from both
humans and cows for about 15 years, when in 2010 he received a $100,000 grant from the Bill and Melinda Gates
Foundation to test whether oligosaccharides could help malnourished children.
Undernourished children are currently given therapeutic foods, “but they only work as long as the kids are eating the

food,” says Mills. The researchers hypothesized that the reason the effects didn’t last was that the children’s guts didn’t
have the appropriate microbes, perhaps because their foods didn’t contain key elements present in breast milk.
In the new study, the researchers analyzed the composition of breast milk from Malawian mothers who had either healthy
or undernourished children. “In general the oligosaccharides were lower in the milk of the mothers that nursed children
who became stunted, and in particular, sialylated oligosaccharides were lower,” says Mills.
To examine the effects of sialylated sugars, the researchers transferred a collection of microbes from the stunted infants
into germ-free mice that lacked pre-existing gut microbes. When these mice were fed a typical Malawian diet
supplemented with sialylated milk sugars “they had a dramatic increase in lean body mass,” says Mills. “Then we went on
to measure a variety of health measurements, bone and body size measurements, all of which were better just with this
simple addition to the Malawian diet,” he says. “That was amazing.”
The researchers also repeated the experiment in germ-free pigs, whose digestive tracts are much more similar to the
digestive tracts of humans. They found that the pigs experienced similar improvements in growth and metabolism when
their diets were supplemented with sialylated sugars.
Mice that were fed an unsupplemented diet or one supplemented with a common plant-based prebiotic called inulin did
not experience this growth effect. “As a matter of fact, not only did inulin not have that effect, but with inulin they gained fat
body mass,” says Mills.
Understanding the microbiota
The researchers found that the sialylated sugars appeared to promote growth through their effect on gut microbiota. The
primary gut bacteria that responded to the milk sugars turned out to be Bacteroides, which are known to feed on these
sugars.
“The only problem was, the way Bacteroides eats these sialylated milk oligosaccharides, is they sort of eat them outside
of the cell, because they only want to take in the parts that they care about, and then the other parts flow downstream,”
says Mills. “Therein lies the double-edged sword of this study,” he says.
“Because the oligosaccharides are being eaten by one population that’s leaving some crumbs behind, those are crossfeeding another population that wasn’t really involved in the health benefit,” says Mills. In the study, the leftover material
cross-fed an Escherichia coli population, and “you could imagine cross-feeding a not-so-nice population,” he says.
Cross-feeding bacteria that are pathogenic could end up causing more harm than good. “The lesson here is we have to
be very thoughtful when we come up with solutions like this, because you could end up hurting an unfortunate child if you
happen to cross-feed the wrong population,” says Mills. “You really need to understand the microbiota you’re feeding, or
you need to put organisms in that can consume these downstream products,” he says.
In follow-up work, Mills plans to examine ways to prevent cross-feeding. In the current study, the researchers did not put
the entire spectrum of microbiota from undernourished infants into germ-free animals. Instead they used a representative
cocktail consisting of microbes that could be cultured.
The resulting gut microbiome was missing Bifidobacterium longum subsp. infantis, bacteria, which completely consume
sialylated milk oligosaccharides. “It’s a big vacuum cleaner for those kinds of milk oligosaccharides,” says Mills. “I think
there would be no cross-feeding of E. coli if you had B. infantis,” says Mills.
An opportunity for the dairy industry
Plant-based oligosaccharides such as inulin are already added as prebiotics to formula, and sialylated milk sugars could
eventually play a similar role. Companies are looking at ways to produce synthetic oligosaccharides, but although
individual oligosaccharides can be chemically synthesized, the comprehensive mix of these oligosaccharides is really only
present in animal milk [10].
Using sugars extracted from cow milk could also have advantages when it comes to translating this research to humans.
“It could be that these oligosaccharides which are naturally found in bovine milk and concentrated by filtration could have
an easier regulatory path,” says co-author Daniela Barile at the University of California at Davis. Given that cow milk is
already widely consumed and used to make infant formula, one would expect sugars extracted from it to be safe for
human consumption.
Barile has been developing methods to extract milk oligosaccharides from cow milk, and specifically from whey, the liquid
part of milk that separates from the curd during cheese production. Large quantities of whey are currently produced as a
by-product of the cheese-making process, making it a useful source from which to purify milk sugars. Although milk
oligosaccharides are present in much smaller quantities in cow milk compared with human milk, the researchers have
been developing filtration techniques to increase the concentration of these sugars in whey [10].

Barile collaborated with the Hilmar Cheese Company to obtain the sialylated milk sugars used in the study. Given their
much lower concentrations in bovine milk, the researchers had to concentrate them from large quantities of cheese whey.
“It was really a big investment,” says Barile. “They produced on the order of 10 kilograms at a time, which is really
unheard of, because these molecules are low abundance in bovine milk,” she says. “I think the take-home message for
me is how low-abundance molecules in milk are very potent in their activity,” says Barile.
“Without the industry believing in this project, there would be no result,” says Barile. “Now more industries can read this
paper and start investing in the technology to isolate oligosaccharides from bovine dairy streams, so I think this research
is very meaningful and very timely,” she says.
“My hope is that this kind of very complicated study that clearly shows the benefit of this for kids in Malawi, would prompt
the dairy industry to realize that they should start figuring out how to make this stuff, and testing it in other children,” says
Mills. “If they have whey streams, even though this might be a very small percentage of a whey stream, if it’s very
valuable then it’s worth going after,” he says. “When I think of all the yoghurt, and all the cheese being made, and I think
of all those whey streams, I now start thinking ‘gee, I wonder how many oligosaccharides could we get from that, that are
probably being thrown away,’” says Mills.
Mills says there might be parallels with the rise in production of whey protein. “Thirty to forty years ago dairies used to pay
farmers to dump the whey protein on their fields,” he says. “Some academics pointed out to them that there’s a lot of good
protein in there, and at the time, folks were resistant to spend money to go capture it because it was so dilute,” says Mills.
“Of course now, some big companies make as much or more money on whey than they do on cheese,” he says. “So it’s a
very valuable byproduct, and I wonder if we’re looking at the same thing again,” says Mills.
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Herbs to Aid Breastfeeding
•
•
•

Herbal remedies known as galactogogues have been used for millennia with the intention of improving
the production of breast milk in women who struggle to produce enough.
Despite widespread use, there is limited reliable evidence on whether these herbal remedies work.
One recent double-blind clinical trial did, however, find persuasive evidence that tea containing fenugreek
seed increased the frequency of breastfeeding to the extent that, in one month, there was a significant
acceleration in infant girls’ weight gain and growth in head circumference.

The benefits of breastfeeding are well known, yet however hard some women try, they struggle to produce sufficient milk.

For millennia, herbal remedies have been thought to fix this problem. Even Hippocrates—from whose name comes the
“Hippocratic Oath”—is said to have advised, “If the milk should dry up give her to drink the fruit and roots of fennel” [1]. To
this day, however, there is limited reliable data on whether herbal supplements actually work.
The formal name for substances that aid with milk production is a mouthful, and implies, incorrectly, that they are rulers of
galaxies: they are called galactogogues. Many of the supposed herbal galactogogues can be found in a restaurant
kitchen. Aside from Hippocrates’ fennel seed, there’s caraway seed, dill seed, alfalfa herb, and fenugreek, which is a
spice often used in Indian and Middle Eastern cooking and also thought to aid digestion. Outside of the kitchen, the list
includes goat’s rue herb, torbangun, blessed thistle herb, and milk thistle seed. And it’s not just plants that are
galactogogues; in South Korea, many women who struggle with producing enough breastmilk eat pigs’ feet in an effort to
solve the problem.
Even though many cultures use herbal galactogogues, and there are
studies on their efficacy, it’s often hard to tell how reliable the findings are.
This is because getting good data typically requires randomization—
assigning some women in the study to taking an herb thought to act as a
galactogogue, and others to placebo. Without random assignment, it’s
easy to imagine that a mother who seeks information on an herbal
remedy, goes to the effort of buying it, and chooses to take it, might in
general be trying more things to increase her milk supply than a mother
who isn’t consuming the herbal remedy. So it’s difficult to tell whether the
causal effect implied by the results is due to the herb or to something
else.
The importance of randomization is illustrated by a study of Korean
women. Eighty-two percent of the women who said they consumed pigs’ feet to increase their breast milk volume also
said that they experienced an increase in their milk production entirely due to the pigs’ feet [2]. Is that real, or the power of
suggestion, or due to something else that these women are more likely to do than other women?
Of six studies identified in a recent review to have some degree of causal rigor, five trials found an increase in breast milk
production, although only one of the studies described a randomization procedure, and the review authors still pick holes
in its method [3]. But perhaps the best research so far comes from Iran. In 2015, Vida Ghasemi of Tehran University of
Medical Sciences, and her colleagues, published the results of a double-blind clinical trial. It tested whether herbal tea
containing fenugreek seed had any impact on breastfeeding sufficiency among mothers with infant girls, who were aged
between zero and four months [4]. Both the mothers in the group receiving the intervention and in the group receiving the
placebo drank the tea three times per day. The placebo tea had no fenegreek seed and was mostly herbal. It also
contained 3 g of black tea per serving to avoid a difference in taste from the intervention tea.
Before the trial started, these two groups of mothers and infants were statistically almost identical, although, by chance,
the women in the placebo group breastfed slightly more frequently. After a month of tea consumption, however, the
number of times that the women in the intervention group breastfed had increased from about 9 times per day to about
15. The women drinking placebo tea, meanwhile, saw no change; they breastfed about 11 times per day at both the
beginning and the end of the study. There were differences in the infant girls’ growth, too. The infants whose mothers
drank the fenugreek tea gained more weight over the course of the trial—and their head circumference also expanded
more—than the infants whose mothers drank the placebo tea.
These results imply not only that fenugreek seed increases the flow of milk but also that the mechanism by which it does
so is not—or at least not entirely—psychological. Difficulties with breastfeeding are often associated with anxiety. Some
studies such as one conducted in Perth, Australia, in which twenty breastfeeding women who use herbal galactagogues
were interviewed at length, conclude that one of the chief benefits of these herbal remedies is a boost confidence and
self-empowerment [5]. Thus, they imply that the effect of herbal remedies on milk flow may occur via the brain—by
decreasing anxiety, some herbal remedies somehow help women to produce more milk.
Ghasemi et al.’s study doesn’t offer any data on why the fenugreek tea works, but other researchers have shown that
fenugreek affects metabolism via the insulin pathway [6]. In dairy cows, these kinds of metabolic shifts increase milk
yields [7].
Whatever the case, far more high quality research into herbal galactogogues is needed. Almost every study in the field
repeats that call. More work is needed not just to measure and understand efficacy, but also to check safety. These pleas
are driven home by the following statistic: In the U.S., it is thought that 15% of breastfeeding women already use herbal
galactogogues [2].
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New Dietary Guidelines Emphasize Dairy for Better Health
•
•

•
•

The U.S. government just released the 2015-2020 Dietary Guidelines for Americans, including
recommended eating patterns to improve health and reduce the risk of diet-related chronic diseases.
Emphasizing that there are many paths to healthy eating, this year’s edition focuses on three different
diet patterns: Healthy U.S.-Style Eating Pattern, Healthy Mediterranean-Style Eating Pattern, and Healthy
Vegetarian Eating Pattern.
Dairy is a key component of each eating pattern, both because it is a nutrient-dense food and because it
has a unique combination of nutrients not available in other foods.
For adults, consuming the 3-cup per day recommended intake of dairy may be the only way to meet daily
requirements for essential nutrients such as calcium, vitamin D, zinc, and potassium.

Americans just received their dietary report card, and are doing below average in almost every category [1]. With one in
two American adults suffering from a preventable chronic disease [1], we must find ways to improve our marks in nutrition.
Every five years, the U.S. Department of Health and Human Services (HHS) and the U.S. Department of Agriculture
(USDA) provide help in a nutritional study guide, the Dietary Guidelines for Americans (DGA). The recently announced
2015-2020 DGA tackles many of the same dietary issues highlighted in previous editions (e.g., too much saturated fat, too
few vegetables, not enough calcium), but offers a new approach to reaching the recommended healthy diet. Rather than a
complete dietary overhaul, Americans are instead encouraged to think about making small shifts in their current diet
choices; high-calorie, low-nutritional-value foods and drinks should be substituted with those that are nutrient-dense.
Leading DGA’s list of nutrient-dense choices are low- and fat-free dairy foods, including milk, yogurt, and cheese. And
because dairy foods offer a set of nutrients (including calcium, protein, potassium, phosphorus, and zinc) not all together
found in any other recommended nutrient-dense food, meeting the daily-recommended intake for dairy may be the only
way to earn passing grades in all nutritional categories.
From the scientific literature to the dinner table
The goal of the DGA is to “help Americans make healthy choices for themselves and their families” [1]. To determine what
“healthy” is for Americans from age 1 to 100, the HHS and USDA enlist top researchers in the fields of nutrition, health,
and medicine to scour the scientific literature and make evidence-based recommendations. For example, the
recommended three cups per day of dairy for adults is not randomly selected, but grounded in support from
numerous studies, including dietary intervention studies with dairy foods (e.g., potential benefits from adding one serving
of dairy to bone health in children and adults) as well as those that evaluate at what level more servings would add no
additional benefit.
Because science never sleeps, a new edition of the DGA is produced every five years, with the most recent edition (20152020) released in December 2015. But not to worry if you have not yet read through the 146-page document to figure out
what you should (and should not) be eating. The intended audience is not the American public but nutritional policymakers
(e.g., USDA’s National School Breakfast and Lunch Programs) and health care professionals (e.g., pediatricians,
nutritionists, primary care physicians).
But in between the many facts and figures is one overarching theme that Americans can easily adopt into their own lives:
the need to think about healthy eating in terms of a dietary pattern rather than the inclusion of particular nutrients or foods.
After all, when was the last time you heard someone say “I’m really craving some potassium right now?” Although humans
have specific nutrient requirements, we consume nutrients in food, and foods as part of a meal, usually comprised of
many different food groups. By emphasizing patterns over nutrients, the DGA hopes to make healthy eating something
that people of all cultural backgrounds can attain without having to abandon to their current diet [1].
Time to make the shift

The 2015-2020 DGA proposes that there are many ways to reach a healthy diet, not simply a one-diet-fits-all mindset that
many Americans may find difficult to achieve. But even with dietary flexibility, the DGA emphasizes that all healthy diets
need to include fruits, vegetables, protein, dairy, grains, and oils while limiting sodium, added sugars, and saturated
and trans fats (for more on trans fats click here) [1]. The number of servings of each of these food types varies depending
on which healthy diet pattern you choose to follow. This edition offers three choices: Healthy U.S.-Style Eating Pattern,
Healthy Mediterranean-Style Eating Pattern, and Healthy Vegetarian Eating Pattern. The latter two are modifications of
the Healthy U.S.-Style Eating Pattern; the Mediterranean-style eating pattern contains more fruits and seafood and less
dairy, while the Vegetarian-style lacks meats, poultry, and seafood but includes more beans and peas, nuts and seeds,
whole grains, and soy products [1].
The DGA argues that these eating patterns are “attainable and relevant in the U.S. population” because they are based
off data on the types and proportions of foods that Americans are currently eating [1]. Thus, small modifications or shifts in
diet (as opposed to changing the diet as a whole) allow individuals to move closer to one of these patterns. The key is to
replace foods (and drinks) with little to no nutrition with those considered nutrient-dense. Nutrient-dense foods provide
vitamins, minerals, and other substances such as protein or healthy polyunsaturated fatty acids, but little or no solid fats or
added sugars and sodium. Examples include: lean meats, vegetables, fruits, nuts and seeds, and low- and fat-free dairy
products.
Dairy foods and healthy eating patterns
Lest you think the DGA aren’t intended for you, here is a startling fact:
75% of the U.S. population currently has an eating pattern that is low in
vegetables, fruits, dairy, and oils and exceeds the recommended intake
of saturated fats, sugars, and sodium [1]. And if that statistic alone isn’t
enough to make you want to give up your fast food lunch, consider the
links between diet and health. Currently, 50% of all American adults
have one or more diet-related chronic disease, such as type 2 diabetes,
high blood pressure, or poor bone health [1]. But there is a silver lining to
all of this doom and gloom—these diseases are preventable and can be
improved with changes in diet and lifestyle.
For example, the scientific literature offers strong support for prevention
and improvement in insulin sensitivity, cardiovascular health, and bone
mineral density through dietary changes. Indeed, one food group – dairy – has been shown to have positive effects on
each of these health issues. One reason dairy is related to so many health improvements is because it is unique among
the nutrient-dense foods in the combination of nutrients it provides: calcium, phosphorus, zinc, potassium, riboflavin,
magnesium, selenium, choline, vitamin B12, vitamin A, vitamin D (if fortified), and high-quality protein [1]. In fact, it is such
a good source of calcium, potassium, and vitamin D that diet patterns that do not meet the recommended daily intake of
dairy are lacking in these essential nutrients [1]. Both the Healthy U.S.-Style Eating Pattern and the Healthy Vegetarian
Eating Pattern recommend three servings (cups) of low or fat-free dairy per day, but the Mediterranean diet only
recommends two. The guidelines acknowledge that those who follow the Mediterranean diet will have lower daily intakes
of calcium and vitamin D than currently recommended, leaving them vulnerable to deficiencies should they not get these
nutrients elsewhere (e.g. calcium from green leafy vegetables, vitamin D from sun exposure).
Improving our nutritional GPA
Right now, on the dietary report card, dairy consumption is one of America’s worst nutritional subjects. The DGA
estimates that 80% of Americans (age 9 and up) do not meet the recommended daily intake of three servings (serving = 1
cup) (In fact, the only other “subject” for which we have a lower grade is vegetable intake). So when the DGA talks about
making shifts, nearly all Americans will benefit from shifts that incorporate more low- or fat-free dairy products. Small
substitutions, such as a glass of low-fat milk instead of soda, have the potential of making big impacts on current health
and the prevention of chronic disease.
1. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015-2020 Dietary Guidelines for Americans. 8th Edition.
December 2015. Available at: http://health.gov/dietaryguidelines/2015/guidelines/
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Dairy’s Trans Fats Associated with Health Benefits
•
•
•

•

Trans fatty acids found in partially hydrogenated oils are associated with poor health outcomes,
particularly in cardiovascular health.
Dairy foods provide a source of natural trans fats, including vaccenic acid and conjugated linoleic acid.
Research in animal models suggest natural trans fats may have multiple health benefits, including
enhancing immune function, decreasing body fat mass, and preventing or slowing of tumor formation in
several types of cancer.
Human studies with natural trans fats from dairy foods are less conclusive than animal studies, but they
highlight the need to distinguish between natural and industrially produced trans fats when making
dietary recommendations.

In 2007, they were banned from all restaurants in New York City. In 2013, the Food and Drug Administration (FDA)
claimed that they were no longer “generally recognized as safe” for use in human food. And in 2015, the FDA went one
step further and gave the food industry three years to remove them from all human food products [1]. What are these evil
and soon to be illegal food items?—trans fatty acids (TFA).
Legislation about TFA stems from the poor health outcomes associated with their consumption, particularly in
cardiovascular health [2, 3]. It should come as no surprise, then, to learn that the recently released Dietary Guidelines for
Americans, 2015-2020 (DGA) recommends all Americans limit TFA intake [3]. But what this recommendation ignores is
the fact that not all TFA are created equally. Whereas industrially created TFA (commonly referred to as partially
hydrogenated oils) may increase cholesterol and plaque in the arteries, naturally occurring TFA found in dairy may
actually provide health benefits, from preventing tumor formation to decreasing body fat composition [2, 3, 5, 6].
Recommendations for avoiding all TFA may be throwing the potentially healthy baby out with the unhealthy bathwater.
Making a trans fat
Fatty acids are strings of carbon and hydrogen atoms. Precisely how the carbons and
hydrogens bond determines whether or not the fatty acid is classified as saturated or
unsaturated. Saturated fatty acids have single bonds between all of the carbons and
unsaturated fatty acids have at least one double bond between the carbon atoms (Figure 1).
Single-bonded carbon chains are “saturated” because they have the maximum number of
bonds (two) to hydrogen atoms. Adding a double bond between carbons removes one of the
hydrogen atoms, thus these fats are “unsaturated.”
These seemingly small differences in molecular arrangement are associated with large
differences in how the fatty acids are metabolized and how they function within the body [3].
After all, saturated fats have become known as the “bad” fats due to their association with
high cholesterol and cardiovascular disease whereas unsaturated fats, particularly
polyunsaturated fats (unsaturated fats with more than one double bond), are touted for their
health benefits. Differences in molecular structure also influence properties of the foods
these fats are found in. For example, saturated fats are packed together more tightly and as
a result have a higher melting point than unsaturated fats. Thus, foods high in saturated fat
are more likely to be solid at room temperature than those with unsaturated fats.
The term trans comes into play when an unsaturated fatty acid
loses one (or more) of its double bonds by the addition of
hydrogen atoms. The hydrogenation causes the molecule to twist so that the hydrogen atoms
end up on different sides of the carbon chain (Figure 2). The resulting Z-shaped fatty acid
molecule is referred to as trans because the hydrogen atoms are now across from one another
(as opposed to cis where the hydrogen atoms remain on the same side of the carbon chain).
Industrial (or artificial) TFA are made by partial hydrogenation of vegetable oils; hydrogen is
added to unsaturated fats, which in addition to changing the configuration of the carbon chain,
also makes the fatty acid more saturated by removing double bonds. Why would anyone go to
the trouble of doing this? TFA, like saturated fats, have a higher melting point and have the
advantage of being solid at room temperature. When they are added to prepared foods such as
baked goods, frozen pizza crusts, and crackers, they can significantly extend shelf life because
they take longer to go rancid than unsaturated fats in the cis configuration. They are also
regularly used in restaurants to fry foods because the oil requires less frequent replacement [4].
From a financial point of view, then, TFA offer significant cost savings on the part of the food
providers and manufacturers.
It turns out that bacteria that live in the first stomach chamber (or rumen) of ruminants (e.g., cows, sheep) can also
reconfigure an unsaturated fatty acid from the cis to trans structure. As polyunsaturated fats from the grass diet pass

through the first chamber, particular bacterial species metabolize some of these fats by adding hydrogen atoms. These
newly manufactured TFA eventually make their way into body fat stores and, in lactating females, to the milk. Thus, cuts
of meat or dairy products that contain fat will have a small proportion of natural (or ruminant) TFA, including vaccenic acid
(VA) and conjugated linoleic acid (CLA).
Banning the bad TFA
Using the umbrella term TFA to refer to both industrial and natural TFA can be problematic, as it suggests that TFA are
the same regardless of how they are made. The most recent edition of the DGA does distinguish between artificial and
natural (or ruminant) TFA, but only to indicate that TFA have two potential dietary sources. They recommend all
Americans limit dietary TFA, and advise people to “consum[e] fat-free or low-fat dairy products and lean meats and poultry
[to] reduce the intake of natural trans fats from these foods” [4]. Any consumer reading this would be led to believe that all
TFA cause adverse health effects.
However, TFA are not a homogenous group; those found in partially
hydrogenated oils have different metabolic effects in humans and other
animals than those produced by bacteria. Most significantly, artificial TFA
are associated with increasing the “bad” cholesterol (low density
lipoprotein, LDL) and total triglycerides. As such, these TFA increase the
risk of cardiovascular disease [2-4]. Concern for the heart health for
Americans led the FDA to deem TFA as unsafe for human consumption,
and prompted the World Health Organization (WHO) to call for a global
elimination of these fats from the food supply [7]. Even consumers who
do not know what a TFA is know they should not eat them; food labels
proudly stating “No Trans Fats!” clearly communicate that these types of
fats are unhealthy and should be avoided.
Can trans fats be healthy?
In stark contrast to global campaigns to eliminate artificial TFA from our diet are nearly 30 years of scientific research that
suggest natural TFA are associated with improvements in health in both animal and human models [2, 3, 6-8]. The first
health benefits of natural trans fats were identified in the mid 1980s by Michael Pariza and colleagues who found that an
extract from grass-fed ground beef actually had an anticarcinogenic effect [9]. This extract was later identified as CLA, a
unique fatty acid because the two double bonds are located on adjacent carbons (hence the name conjugated), as
opposed to being separated by one or more carbon atoms. One double bond remains in the usual cis position while the
other is trans. The location of the double bonds varies across CLA molecules, and the different positions of the double
bond are referred to as CLA isomers. There are almost 30 different CLA isomers, which may explain the diversity of
metabolic and physiological effects of this fatty acid [3, 6, 9, 10].
Since the original discovery by Pariza and colleagues, CLA isomers (which includes VA) have demonstrated numerous
anti-cancer effects in animal models, including inhibiting the development of tumors and preventing metastasis [reviewed
in 3, 6, 10]. There have been multiple explanations of the mechanisms of CLA that produce these outcomes, including
interfering with tumor cell signaling, inhibiting DNA synthesis, and enhancing tumor cell apoptosis (aka cellular suicide)
[3]. With these promising findings, it is disappointing that evidence for CLA anti-carcinogenic activity in humans is
inconclusive. For example, Park [3] cites one study that found a preventative effect of CLA on breast cancer risk only to
then discuss several more that failed to identify any correlation with breast cancer development.
The same discrepancy between animal and human studies is found when considering the effect of CLA on body mass. In
animal models, CLA has been found to positively effect body composition by decreasing fat mass and preserving or even
increasing lean body mass. CLA is believed to influence body fat by direct mechanisms (e.g. reduction of fat accumulation
in adipose stores) and possibly indirectly, by influencing hormones involved with lipid metabolism (e.g. leptin, adiponectin)
[3, 9]. Results of clinical trials with humans are mixed, but many support the role of CLA in decreasing fat mass [9].
However, the effect of CLA on human fat mass was not as strong as that identified in rodent models [3].
Why might CLA behave one way in animals and another in humans? One possible reason for the conflicting study results
is the variation in methodology utilized in each study. Rodent subjects are often fed diets with much higher proportions of
CLA than human subjects and are fed for much longer durations [3]. Dose and dose duration could significantly alter
results [9]. For example, in human studies on CLA and body fat mass, greater effects of CLA were identified when the
study period exceeded six months [3]. Subject differences also account for different results. Body fat mass reductions
were observed in rodent models during a period of growth (or positive energy balance), whereas most human studies
involved subjects on low energy (i.e. weight loss) diets. However, human subjects in positive energy balance responded
to CLA in the same manner as rodents, with a decrease in fat mass [3, 9].
To understand the role of natural TFA in human health necessitates comparing apples to apples, and that is nearly

impossible with much of the current literature. One topic that seems to show some consensus across studies, however, is
the potential role of CLA as an immune modulator. And importantly, the mechanism by which CLA influences immune
function could help elucidate its influence on cancer, body fat, and even cardiovascular health [3, 5]. Specifically, CLA
stimulates the production of anti-inflammatory chemical signals (called cytokines) while also decreasing the production of
signals for inflammation [5]. Importantly, this effect was identified in vitro, in animal models, and also in human subjects
[studies reviewed in 5]. For example, in both rats and humans dietary CLA supplementation was associated with
increased production of immunoglobulin A (IgA) and IgM (antibodies associated with an anti-inflammatory response) but
decreased production of the allergy-related (aka, inflammatory) IgE [5]. Driving the immune system in the direction of an
anti-inflammatory as compared with an inflammatory response can explain why CLA may play a role in cancer, weight
gain, and atherosclerosis, because each involves inflammation.
To eat or not to eat
There are several review articles on the influence of dietary CLA on health outcomes and each ends with the same
message: more research is needed in order to make conclusive statements about the benefits of natural TFA [3, 5, 8, 9].
Currently, the strongest evidence for their role in cancer, weight gain, or immunity comes from in vitro and animal studies.
These results should not be overlooked or discounted as they have provided an understanding of the mechanisms by
which natural TFA interact with immune, cancer, and numerous other types of cells and chemical signals in the body.
Indeed, this information is critical as it suggests natural TFA are metabolized very differently than their industrially
manufactured cousins.
While there may currently be insufficient evidence to recommend that humans consume more natural TFA in their diet, the
breadth of research on their health benefits suggests the need to distinguish them from industrial TFA by more than just
the use of “natural”. After all, people are accustomed to the idea of animal-derived fat providing a health benefit; simply
look at the shelves of fish oils in health food stores for evidence of this. It may be harder to convince consumers that not
all trans fats should be banned.
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