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Genetically Modified Coffee: Benefits and Costs

Abstract:  Coffee is one of the most traded commodities on the market today, and steps are being taken in order to produce coffee that is genetically modified in such a way that the plant does not synthesize caffeine.  Current methods of decaffeination involve the use of solvents that abstract the compound from the coffee bean.  This method does affect the taste and questions still remain as to its safety in consumption.  By genetically engineering coffee beans that do not synthesize caffeine, such a problem is circumvented.  However, there are many possible drawbacks to such an approach.  Farmers in third world countries are only most interested in increasing their yield, not in providing a better product.  Caffeine is also a defense mechanism in plants, and there could be unforeseen consequences in removing them from the plant.  Distribution in developing countries also is a real problem.  As a result, GM coffee is not the wisest endeavor in which to direct our energies.

Since the 1600s, coffee has been venerated for its therapeutic effects on the human mind.  Today, coffee is one of the most consumed beverages worldwide, with over 80% of adults in the US consuming coffee or tea daily (Spiller, 1998).  With these levels of consumption, it is not surprising that coffee is one of the most traded commodities in the world.  For many developing countries, coffee can comprise up to 80% of its trade gain (ico.org).  Coffee is also big business in industrialized countries.  Sara Lee’s profit margin on coffee runs at about 17%, which is relatively high compared to other food industries (Oxfam.org).  Such a profitable industry will naturally draw the attention of scientists.  Any breakthroughs for a product in such high demand will easily translate to increased revenues for the coffee companies and greater profit for the biotech companies. The most recent development in the modification of coffee is the use of GM to remove caffeine, instead of more traditional methods, which involve the use of chemical solvents (Ogita et al, 2003).

  Caffeine is the world’s most used stimulant.  It is, for all intents and purposes, a recreational drug that changes the ways the brain and body both function.  Those familiar with the drug know full well its effects.  Responses which average coffee drinkers are familiar with include speeding up the heart rate, constricting of the blood vessels, acting as a diuretic, and allows some kinds of muscles to contract more easily (Braun, 1996).  Caffeine can improve muscle endurance.  This improvement is marked enough that the International Olympic Committee has banned the consumption of large amounts of caffeine (Spiller, 1998).  Psychologically, caffeine has been linked to almost every emotion.  It has been shown to increase alertness, reaction time, depression, anxiety, stress, anger and aggression, and an overall increase in general feelings of well being (Braun, 1996).

Caffeine belongs to the class of substances called alkaloids, which are compounds containing a basic nitrogen, in addition to hydrogen, nitrogen, and oxygen.  It is related to such as morphine, nicotine, cocaine, and strychnine, which are all known for their adverse health effects.  Caffeine is a trimethylated version of the molecule xanthine.  Its half-life in the average adult is around five or six hours (Braun, 1996).  The body finally rids itself of caffeine by initiating a cascade in which methyl groups are plucked off of caffeine, eventually returning it to xanthine, where it is finally broken down and eliminated (Ashihara and Crozier, 2001).  These precursors all have various effects on the body as well.  The initial precursor, theobromine (a dimethylated xanthine), has a similar biological effect on the body as caffeine, just at a much lower potency
.


Figure 1.  Structures of Caffeine and its intermediates (Ashihara and Crozier, 2001).

Caffeine is a very common compound present in most plants (Braun, 1996).  Plants synthesize caffeine in a similar mechanism to the human body’s catabolism of it.  Purine nucleotides are converted to xanthosine, which is then methylated over many steps and converted into caffeine (Ashihara, 2001).  These methylation steps are accomplished via the enzymes CaXMT1, CaMXMT1, and caffeine synthase (Ogita et al., 2003). The particular role that caffeine plays in the plant is still undetermined, but one hypothesis is that caffeine acts as a natural insecticide.  In 1984, Nathanson describes his testing of caffeine as a natural pesticide.  By feeding tobacco hookworms varying concentrations of coffee and tea in conjunction with liquid medium, he found that the presence of caffeine stunted growth, and eventually killed the larvae.  When pure caffeine was added to the medium, the same effect was seen.   To extend this work, other methylxanthines (including caffeine) were found to inhibit larvael growth when added to tomato leaves.  Nathanson found that caffeine in fact works in conjunction with regular pesticides to augment the effect of both.  It suppresses enzymes in the nervous system and causes death (Nathanson, 1984).  
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Figure 2.  Proposed pathway in which xanthosine is converted into caffeine (Ashihara and Crozier, 2001).

So far, caffeine seems to produce somewhat beneficial effects on the human body, and one hypothesis regarding its natural role suggests that it wards off possible pests.  However, caffeine can also have an adverse effect on the body.  This is especially true in infants.  While the average adult can metabolize half its caffeine in about five or six hours, the half-life in a newborn infant is around 80 hours.  Such a slow breakdown causes caffeine to build up very quickly in newborns and fetuses.  One mother, a heavy coffee drinker, found that her habit gave her fetus an irregular heartbeat.  When doctors realized she was consuming over a quart and a half of coffee a day, they urged her to stop consuming caffeine, and the infant’s heartbeat returned to normal.  So far, there are no conclusive findings that caffeine is detrimental to an infant, but it is clear from animal testing that caffeine is a teratogen.  For this reason, doctors still urge breast-feeding mothers to not binge on caffeine (Braun, 1996).

Caffeine can also adversely affect adults as well.  According to the Surgeon General, if a compound has a psychoactive effect, can induce substance dependence, and allows the body to become tolerant of it, it is legally classified as addictive.  Caffeine fits all of these criteria, and while it cannot be abused to the degree that alcohol or other drugs can, it is easy to become addicted to caffeine.  Such addiction is typical, with symptoms of withdrawal when the supply of caffeine is removed.  Caffeine can augment existing physical disorders.  So, caffeine can cause increased anxiety attacks, or can cause insomnia.  It is for these reasons such as these that some people prefer their coffee decaffeinated (Spiller, 1998). 

Before delving into the actual process of decaffeination, we need to define exactly what decaffeinated coffee is.  According to the International Coffee Organization (ICO), decaffeinated coffee consists of less than 0.1% caffeine when weighed dry.  Practically speaking, 0.1% of an 8 oz cup is about 3 mg (ico.org).  Because decaffeination affects the taste of coffee, generally more robustly flavored coffees are used for decaffeination.  During the process itself, the beans are steamed to make the caffeine readily available.  The beans are then washed using a solvent that abstracts the caffeine and many other compounds (robbing the coffee of much of its flavor).  Filtering the caffeine out and returning the liquid to the coffee beans restores some of the flavor (Spiller, 1998).  The solvent then evaporates, completing the process. Common solvents include methylene chloride, carbon dioxide, ethyl acetate, and acetone.   There are some fears that methylene chloride might be a carcinogen, which could be a concern, but this evidence is unsubstantiated (Braun, 1996).  However, the common complaint regarding decaffeinated coffee is that it simply doesn’t taste as good.  Also, decaffeination simply requires an investment of additional time and money (Castle, 2001).
Such a situation beckons to be experimented within the realm of genetic modification.  The basic idea behind GM coffee is preventing the coffee plants from ever synthesizing caffeine in the first place.  By doing so, coffee makers would save a bundle on decaffeination, essentially because the coffee plants would do the work for free.  Because no solvent is being used, the coffee would taste the same as if it were a wild-type plant.  Ogita et al. have targeted the gene CaMXMT1, or theobromine synthase in the caffeine synthesis cascade.  Using a method called RNA silencing, they have managed to curtail the production of theobromine synthase (Ogita et al, 2003).

The basic idea behind RNA silencing involves the use of long double stranded RNAs (dsRNAs).  These can be produced in a variety of ways.  On example is to insert a gene for both an RNA transcript and its antisense complement.  These dsRNAs are then cleaved into smaller RNA fragments about 20 to 25 nucleotides in length.  In this particular instance, Ogita et al. simply inserted the shortened strands of nucleotides.  These shortened strands of RNA can then do a variety of tasks.  Essentially, they can enter the nucleus and methylate DNA, rendering it inactive, or it can remain outside the nucleus and bind to complementary mRNA, preventing translation of the protein (Matzke et al., 2001).


Ogita et al. used this method of RNA silencing to silence the theobromine synthase gene in the C. arabica plant.  By inhibiting the theobromine synthase gene, the caffeine synthesis cascade is stopped cold (Ashihara and Crozier, 2001). By using the green fluorescent protein as a control, the scientists were able to easily distinguish between those plants with the silenced RNA and those without.  Their results were encouraging, and showed that the inhibition of theobromine synthase resulted in levels of caffeine up to about 70% lower than the wild type plant (Ogita et al, 2003).  


However, there are still many unknowns in this equation.  After Ogita’s published letter in Nature, Baker responded soon thereafter with some valid points regarding the use of GM coffee.  Citing Nathanson’s work, he reiterates that caffeine acts as a natural pesticide in plants.  He cites additional evidence that C. robusta, another coffee strain, is a much hardier plant to insect and disease.  Its caffeine content is about twice that of C. arabica.  So, by eliminating the synthesis of caffeine in a plant, Baker asserts that one is essentially removing the plant’s natural defense against insects.  Removing a plant’s defenses against pests could possibly make these plants more susceptible to attack by pests.  This is not encouraging news for a coffee farmer who lives in the developing world (Baker, 2003).


This reason alone seems to not bode well for the implementation of GM coffee.  By depriving plants of their natural defense, it seems natural to assume yields would suffer.  For most farmers in the developing world, a high yield is a top priority.  A study on golden rice in the Philippines found that most farmers were indifferent to the use of the crop, due to its noneffect on yield.  Chong states, “Farmer leaders are first and foremost concerned about bread and butter issues, such as producing enough rice to meet material needs, whereas less tangible considerations…are of secondary concern” (Chong, 2003).  The scenario involving GM coffee then should be no different.  Third world farmers would be apprehensive about utilizing a crop that has no enhancing effect on yield (Baker, 2003).  The third world coffee farmer is already in an economically precarious situation.  

Even though coffee is in high demand and coffee companies turn a large profit, the opposite holds true for the coffee farmer.  Social justice groups such as ActionAid and Oxfam are up in arms about the mistreatment of coffee farmers.  According to an Oxfam report, far too much coffee is currently on the market, driving down prices and impoverishing those who depend on coffee for their livelihood.  The Executive Director of the International Coffee Organization acknowledges this same problem.  “The urgency of the coffee crisis cannot be overstated. 25 million coffee farmers are dependant on governments, companies, coffee cooperatives, trade unions and NGOs coming together to solve the problem of price collapse” (Oxfam).

A second caveat is that the coffee plant requires three years to mature and be harvested.  So, it is not as if farmers will be able to switch crops back and forth at will.  Once a farmer has committed himself to growing transgenic coffee, he will be stuck with that brand of coffee for the medium term (Baker, 2003).  With the coffee market in such a collapsed state, the integration of a new, risky coffee product that could take up to three years to see any kind of return is a risky endeavor.

The distribution of the coffee does not make the situation any easier.  In his book Lords of the Harvest, Daniel Charles writes about Bruno de la Luz, a Mexican subsistence farmer.  He describes his dealings with Monsanto, and the author points out that Monsanto’s efforts to break into the small time farmers in Mexico is a rather futile endeavor given that it is simply a huge drain on resources to do so without any real gain in profit.  The author decides that the benefits do not outweigh the costs, and that Monsanto cannot simply afford to enter the small market farms.  He concludes that the “majority of the world’s farmers lie beyond the limits of the commercially viable seed trade” (Charles, 2001).  Because of the lack of solid infrastructure with which to deliver seeds, and because farmers are much more obsessed with yield, there does not seem to be any indication that GM coffee could be effectively implemented (Charles, 2001).
One only need look at the AIDS pandemic in Africa to realize the logistical nightmare that is distribution in a developing country.  In this case, we see unanimous support from both the developed and the developing world.  The governments of affected countries are providing free antiviral medication (made possible the research of developed countries), and yet the act of distribution remains a problem.  Simply getting the drugs to every affected person in a timely fashion is a tremendous challenge.  In this situation, there is multilateral support for the distribution of free drugs to all affected individuals.  With a common cause, the battle against the AIDS virus still continues to claim the lives of many each day (BBC, 2004).

Unlike the AIDS crisis, with GM coffee, we are faced with an impoverished people who won’t see any of the benefit of their GM crop (Oxfam, 2001).  Even a nutritionally beneficial GM crop would spark some motivation on the part of farmers.  The crop’s distribution will likely not be free, with biotech companies ultimately concerned with their own bottom lines.  How will distribution here go any better than with AIDS treatment, especially without the intervention of governments to subsidize costs? Simply put, farmers in developing countries will have absolutely no motivation to pursue such a goal.

The pursuit of genetically modified decaf coffee certainly seems like a good idea on paper.  It is a sound economic decision simply based on the market share that coffee commands.  The benefit of the product is tangible enough, after all, who wouldn’t want a great tasting decaffeinated coffee?  However, most proponents of genetically modified organisms point to either one of two motivations for the continued use of GMOs: either increased output or increased nutrition (Conko and Prakash, 2004).  Either of these reasons gives some sort of benefit to farmers everywhere, whether they are in the US or in Latin America.  GM coffee does neither of these, and in fact, will most likely be detrimental to the well being of small time coffee growers.  If the general public does not have a problem with the ethics of this issue, social justice organizations certainly will.  It is certainly not good PR to be confronted by such questions.

Even if the general public was accepting of GM coffee, distribution of the coffee is still a nightmare.  There would simply be no way to motivate these small time farmers to hop on board with the biotech companies.  With the risk of decreased yield, and about three years of sunk cost before any sot of revenue comes in, there is not any motivation for these farmers to grow GM coffee.  Finally, the industry itself proposes it does not really need fixing.  Dr. Max Fabian, CEO of an Italian coffee company that decaffeinates using the chemical process, has expressed some disdain for the research going into GM coffee.  "I want to remind the industry that any genetically modified product has to go through some rather strict testing before it enters the marketplace: it has to be checked in its safety, and at this point it is not necessarily known to be safe…” (Castles, 2001).

Fabian raises some critical points.  He acknowledges that GM coffee simply has too many question marks attached to it to be a viable alternative to the conventional process.  The current method of decaffeination, while not completely ideal, is generally safe and well accepted.  It does not further exacerbate the situation of the small time farmer, and it does not introduce more questions than it solves.  For GM coffee, the numerous potential issues seem to far outweigh any potential benefits.
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