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Sir Albert Howard (1945)

“The birthright of all living things is health.  
This law is true for soil, plant, animal and 
man: the health of these four is in a 
connected chain. Any weakness or defect in 
the health of any earlier link in the chain is 
carried on to the next and succeeding links, 
until it reaches the last, mainly man.”



What makes a quality food?

Lack of disease-causing organisms 
Lack of pesticide residues 
Lack of by-products of irradiation, GE
Lack of naturally-occurring chemicals that 
cause health problem
Nutritional and antioxidants characteristics
Taste



Outline
Food safety

preservation and handling- microbial contamination, 
bioterrorism
Toxins from irradiation and genetic engineering
naturally-occurring toxins
pesticides and other toxics
The fermented foods: to prevent spoilage

• Cheese 

Nutritional quality of organic produce
Vitamins, minerals, antioxidants

Taste and other qualities of organic
Intro to terroir, pronounced terro-oar, TH



Safety: impacted by food system
As food production becomes more separated 

from the consumer, this is more of an issue

Earthfriends 1995
“The Whole Story
of Food”

~whole system
based on trust



Are local and organic food 
systems an answer?

Backyard gardening the best with respect to 
security from bioterrorism and ecological 
soundness

Maria, Mies, The Subsistence Perspective

What is production capability? 



Food safety concerns: is their 
breakout a product of problems in 
the food system?

E. coli 0157:H7
Salmonella
“Mad cow”, Bovine spongiform 
encephalopathy (BSE)
SARS (Sudden Acute Respiratory 
Syndrome) 



Escherichia coli

Hemolytic diarrhea caused by strain of E. 
coli O157:H7 in hamburger meat
1993- 500 Jack-in-the-Box patrons
1998- 25 million pounds Hudson Co. 
hamburger recalled
Animals can have it without causing 
symptoms, problem when butchering, 
entering from fecal material



E.coli



Microbes in manure that might 
affect organic produce

Killed at 60°C in compost
No evidence that there is any E coli poisoning 
resulting from organically manured land (Soil 
Asso 2001)
“No evidence at present to support the assertion 
with organically grown produce is any more or 
less safe than conventionally grown”, recently 
tested and confirmed in UK with 3200 samples



Salmonella

Genus Salmonella includes 2400 pathogenic species 
causes diseases in chickens and turkeys and then 
consumers via poultry and eggs
50 billion eggs sold/year and 20 million infected 
with Salmonella
Mainly larger operations that have had a problem
New--pasteurization of  eggs 1 hr at 56°C (or 134° 
F)



Mad cow disease or Bovine 
Spongiform Encephalopathy

Caused by prion (proteinaceous infectious 
particle), discovered in 1982
Causes brain tissue to become “spongy”
1996 connection between BSE and human 
Creutzfeldt Jacob disease
Symptoms nervousness, bizarre behavior, 
memory loss, wobbly walk, lethargy, 
hunched posture and death



Caused by cannibalistic feeding in food chain, 
ie mammals eating mammals
Similar to kuru disease in New Guinea, scrapie
of sheep, wasting disease of elk and deer
Can survive heat, radiation and chemicals
No case of BSE in any animal grown 
organically from organic stock (Heaton, S.  
2001 Soil Association Report) 



Mad cow update: Found in WA Dec ’04
“Andrew Kimbrell, the director of the Center for Food 
Safety, a D.C.-based public interest group, writes, "Given 
what we know now, it is unconscionable that the CDC is not 
strictly monitoring these diseases."[89] Given the presence 
of Mad Cow disease in the U.S., we need to immediately 
enact uniform active CJD surveillance on a national level, 
provide adequate funding not only for autopsies but also for 
the shipment of bodies, and require mandatory reporting of 
the disease in all 50 states. In Britain, even feline 
spongiform encephalopathy, the cat version of Mad Cow 
disease, is an officially notifiable illness. "No one has 
looked for CJD systematically in the U.S.," notes NIH 
medical director Paul Brown. "Ever."[90]” –Greger, Jan 
2004   http://www.organicconsumers.org/madcow/



SARS- a food system disease?



Mortality rates (NYT)
Worldwide 55% people over 60 years of age, 
13% under (still controversial)
Compared to pandemic of influenza in 1918 
mortality rate was 1%

Constrained in Vietnam and Singapore, still 
growing in Taiwan and China

Wuhan China, NYT 7 May 2003



Caused by coronavirus, 
resembles chicken and rodent viruses, 
symptoms are pneumonia-like

Known for fast mutation
Appears to have come from Guangzhou China, 
area known for “exotic cuisine with freshly killed 
beasts”(NYT April 27, 2003)
Higher percentage of chefs and food handlers 
(5%) than normal pneumonia (1%)



Preserving foods for storage 
or transport: salt, cold, heat or 
culture

Alcamo, 2003 Microbes and Society, 
Jones and Bartlett



Botulism

Often caused
by improper 
canning



Our friends the microbes!

Culturing with microbes is a way to 
preserve food, as well as develop new tastes
The microbe that is inoculated, arrives first 
repelling other colonizers
Bacteria and fungi are the microbes 
involved



Products of fermentation

Also coffee, chocolate, tea (except green), olives, sausages, bread



Yeasts, a type of 
fungi, used in 
fermentation



Cheese
Unripened cheese 

cottage cheese and ricotta
Ripened cheese

Swiss cheese: curds washed and inoculated with 
cultures of 2 bacteria- Lactobacillus and 
Proprionibacterium
Carbon dioxide produces holes

Mold-ripened cheeses 
Roqueforte (Penicillium roqueforti) 
Camembert (Penicillium camemberti)



Cheese making

Microbes work on milk 
protein and added 
enzymes to curdle 
milk

Form curds and whey
Whey used to make 

ricotta or feed pigs



Yogurt

Easy to make: 1qt milk to 170 ° F, 1 c 
powdered milk, 1/3 cup culture, let sit at 
130°F for 6-8 hrs
Uses bacterial cultures

Streptococcus thermophilus, S. acidophilus
Lactobacillus bifidus, S. lactis



Olives and soy
sauce

Soy, rice, wheat fermented 
Aspergillus oryzae, later 
bacteria complete the 
aging process

Black fermented on tree, green soaked
in lye and then fermented anaerobically



Pesticides and toxins in foods
Only 3% organic foods with detectable pesticide 
residues, vs. 48% in conventional (SA, 2001), 
FDA 2003 figures –50% produce have 
detectable residues
Some 53-95% residues remain after washing
Can be multiple residues
Study of pre-school children’s urine shows that 
organic diet decreased organophosphorous
pesticides 6x-9x vs. conventional, also 6x less in 
blood

Curl, CL et al. 2002 Env. Health Perspectives. Oct.



Sperm count of organic consuming men (Soil 
Asso p44)

0% diet organic-55-69 million/ml
>25% of diet- diet 99 million/ml

>50% of diet- 127 million/ml
20 million/ml for impregnation (WHO)
Other lifestyle effects could enter in city vs. 
country etc.

Not just consumers but farmworkers effected by 
pesticides- lowered sperm counts, motility

New report: Env. Health Persp. Nov 11 2002









Top 10 foods with 
pesticide residues



Food irradiation produces unique 
compounds

FDA first regulated in 1958
Legalized in 1997, irradiated beef on sale at 5000 
locations, 2003 allowed in school lunch
New toxicity studies by EU and Center for Food 
Safety/Public Citizen
All three types of beef tested positive for 2-ACBs (2-
alkylcyclobutanones) formed when fats exposed to 
gamma radiation
unique to radiation exposure 



colon tumor promoter, genetic damage in rats, 
cellular damage in human and rat cells
can be reduced by cooking in some tests
FDA considering legalizing irradiation of other 
foods that contain some fats: red meats, poultry, 
shellfish (crab, oysters, shrimp), fruit (many 
types), vegetables, ready-to-eat foods (37% of US 
diet)
other studies found in beef increased trans- fats



Explosive Monsanto Documents 
Reveal Serious Hazards Of 
Genetically Engineered Corn
“A May 22, 2005 headline news story in the London 
Independent has rocked Monsanto and the biotech industry 
and fueled the controversy over the safety of genetically 
engineered food. The story reveals that internal Monsanto 
documents, reviewed by EU scientists, show serious health 
damage to laboratory animals fed Monsanto's new 
genetically engineered "rootworm-resistant" corn. Rats 
who consumed the mutant corn developed smaller 
kidneys and exhibited blood abnormalities. Scientists 
say these are "red flags" for immune system damage and/or 
cancer tumor promotion. Although the EU will now likely ban 
Monsanto's new GMO corn, this same rootworm-resistant 
corn is already being grown and consumed on a major scale 
in the United States. Monsanto has denied that the corn can 
harm humans, but nonetheless refuses to turn over its data 
to the media, claiming that the lab studies are "Confidential 
Business Information." Learn more and take action: 
http://www.organicconsumers.org/monlink.htm”
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Naturally occurring toxins in 
foods

Oxalic acid in spinach, 
chard, beet greens, 
rhubarb leaves- can be 
problematic if have 
propensity to kidney 
stones
Glycoalkaloids in 
potatoes.  Green 
contain solanine -- just 
peel 1/8”



Nutrition

Whether organic is higher than conventional still 
somewhat controversial 
Many cite evidence as inconclusive
Confounded with the effect of the industrialized 
food system  and whether local or not (Diver, 
www.ATTRA.gov)
New solid evidence in last few years confirming 
higher antioxidant levels in organic than 
conventional

http://www.attra.gov/


Comparison of studies chosen according to strict 
standards from From a review of over 400 papers 
and reanalysis according to strict guidelines by: 
Heaton, Shane. 2001: Organic farming, food quality and human 
health: a review of the evidence, Soil Association England

Higher mineral contents in 7 studies, 
inconsistent in 6 and 1 higher in non-organic 
but rotated and manured
Higher vitamin C content in 7 studies, but 
inconsistent in 6, none higher in non-organic
Higher dry matter content in organically grown 
crops in 10 studies, inconsistent in 8, higher in 
non-organic in 1 (bananas)



Nutritional superiority

Vitamins are higher in some studies 
(Benbrook, 2005)



Average changes in the mineral content 
of some conventionally grown fruits and 
vegetables* from 1963-1992 [Bergner]

Mineral Average % Change:
Calcium: -29.82
Iron: -32.00
Magnesium: -21.08
Phosphorus: -11.09
Potassium: -6.48
* Fruits and vegetables measured in USDA data under 
conventional production: oranges, apples, bananas, carrots, 
potatoes, corn, tomatoes, celery, romaine lettuce, broccoli, iceberg 
lettuce, collard greens, and chard
The Healing Power of Minerals: Special Nutrients and Trace Elements.  1997.
Paul Bergner. 



Dilution effect? 
Due to increasing lack of minerals in the 
soil over last 30 years?
Varieties?



Nutritional deficiencies lead to 
aggression in children

Univ. of S. CA study, www.newstarget.com..
Children with certain nutritional deficiencies 
demonstrated a 41% increase in aggression at 8 
yrs and at 17 years demonstrated 51% increase in 
violent and antisocial behavior
Zinc, Iron, B vitamins and plant proteins
80% of ppn is deficient in Zn, impairs immune 
system 
B vitamins important in nervous system 
development

http://www.newstarget.com/


Plant secondary compounds: antioxidants [stop 
oxidation by free radicals]

High in blueberry, plums, broccoli, strawberries and 
red cabbage
Important in protection of plant from insect pests and 
diseases
Study of corn, strawberries and marion berries found 
that more antioxidants in organic than conventional 
Pesticides suppress but fertilizers increase. 

(Mitchell, Feb 26 2003, J of Ag and Food Chem). 
Found highest in “sustainably produced” fertilized but 
no pesticides-- fertilizers provide building blocks for 
these compounds?



Sustainably produced corn 58.8% higher than 
conventional corn
Organic and sustainably produced marionberries 50% 
higher than conventional
Organic and sustainably produced strawberries 19% 
higher than conventional

Recent review 10-50% more of these compounds 
in organic (Brandt and Molgaard in Soil Asso)
More recent review of 7 papers found org. with 
higher level in 15 of 17 cases--A few percent 
higher in organic to 300% (Benbrook, 2005) 
Mechanism:

when a insect nibbles plant it induces these plant 
protecting secondary compounds
Innate defense and wound-healing mechanisms
Induced by stress



Management makes a difference

Compost 
Cover crops
Slow release nitrogen (Benbrook, Jan 2005)



Antioxidant: Phenolics (flavanoids, 
anthocyanins, tannins)

Found in brightly colored fruits and 
vegetables, soy, green tea, and red wine

anti-oxidants, anti-inflammatory, anti-
allergenic, anti-mutagenic, discourage growth 
of established tumors

Blueberries and strawberries highest 
anthocyanins-- highest antioxidant              
of any plant food (blueberry var.       
‘Rubel’ 2x higher than most)



Raloff,J.  2005. “Food Colorings”.
Science News Jan 8.



Antioxidants:
Carotenoids

Accessory fat soluble 
pigments involved in 
photosynthesis
Yellow and orange
Found in tomatoes and 
carrots, many 
vegetables

Raloff, 2005. “Food Colorings”.
Science News Jan 8.



terpenes (lycopene, steroids)
Organic ketchup has 90% more lycopene
than conventional (lycopene helps prevent 
prostate cancer in men) ARS, Albany CA



Alkaloids (nicotine, caffeine etc.)

Glycoalkaloids found in potatoes
At levels normal in diet have been able to 
reduce mortality from lethal doses of 
Salmonella in mice (SA)



Sulphur-containing
Antioxidant

Allicin from garlic and onions
Aid detoxification, heavy metal removal, 
general connective tissue repair, reduce risk 
of heart disease and spread of cancer



Sulphur-containing compounds 

Glucosinolates found in cabbage, 
cauliflower, broccoli, Brussel sprouts
Interfere with iodine and thyroid, if too little 
in diet
Best proven cancer-
preventing component                                   
in vegetables



Dietary Recommendations
Buying produce locally grown and and fresh, ripe 
produce, and not removing skins to get more 
antioxidants
Minimal cooking and food preparation tends to 
preserve most of antioxidants (Benbrook 2005)
New food pyramid- recommendations for 
vegetables and fruits go from 5 to 11 servings per 
day!
“Select a variety of brightly colored fruits and 
vegetables” (Raloff, J. Jan 8, 2005 Science News)



Meats and dairy
Organic cattle have a more favorable fat profile, 
i.e lower ratio of saturated to unsaturated 
Conjugated linoleic acids (CLA) a natural fat in 
beef, poultry and eggs that prevents cancer, 
reduces heart disease and helps weight control.  
CLA levels increase if there is a higher content of 
grass, hay or silage (organic stds require 60% of 
diet vs. less in conventionally raised cattle)



•Eggs from free-range hens contain up to 30% 
more vitamin E, 50% more folic acid and 30% 
more vitamin B-12 than factory eggs, while 
the yolk holds higher levels of antioxidant 
carotenes.

•Beef from cattle raised in feedlots on growth 
hormones and high-grain diets has lower 
levels of vitamins E, A, D and betacarotene
and twice as much fat as grass-fed beef.

Source: 
http://www.organicconsumers.org/foodsafety/
lessnutritious032205.cfm

•

http://www.organicconsumers.org/foodsafety/lessnutritious032205.cfm
http://www.organicconsumers.org/foodsafety/lessnutritious032205.cfm
http://www.organicconsumers.org/foodsafety/lessnutritious032205.cfm


Animal health and preference

Copenhagen zoo animals prefer organic 
produce when given the choice-- tapir eats 
organic bananas with skin, but peels the 
conventional!

Woese 1997. Clear animal preference for 
organic



Strong indications in the increase in animal health 
(growth, reproductive parameters) in rabbits, mice, 
rats, chickens (Soil Association p 49)

Sperm motility in bulls
Greater number of eggs and higher fertility rate

Rats fed organic diet were slimmer, slept better 
and had stronger immune systems in Danish study 

(OCA from the Scotsman. Feb 18 2005)



Taste

Hardest to get good data on partly because 
subjective
43% organic consumers thought that better 
taste is their reason to purchase (Soil 
Association)
Some 67% of cooks surveyed sought out 
(OTA website)



Why?
Water content lower in general so have a better 
flavor.  Usually lower nitrate, which tends to hold 
water.  Nitrates are major components of 
conventional fertilizers.  

Conventionally grown plants get bigger but 
concentration of nutritional components less, so need to 
eat more calories in order to get the nutrition

Higher sugar content
Varieties are different



‘Fameuse’: Available circa 1900
Mendelson, 2001 in Freyfogel

Beach, S.A.  1903.  Apples of New York II. 
New York Agricultural Experiment Station



Jon Rowley, Experiment at 
InterBay P-Patch

Interested in ag practice and flavor
Followed for three years with raised beds
Found three factors correlated with flavor as 
determined by Brix

Soil organic matter
Plant spacing and watering
Foliar feeding



Brix scale

Measured by hand refractometer
Refraction (Brix scale) is a function of sugars, 
minerals and other dissolved compounds in 
the sap

water status important
varieties can be different
different plants and plant parts are different



Terroir:

A term for snobbery, 
or an
An excuse to increase 
price or
“A taste of place”?



In summary
Evidence that organic (and/or local) increase food 
quality
Food safety

Preservation and handling- microbial contamination, 
local less bio-terrorism
Less pesticides and other toxics

Nutritional and antioxidant quality of organic 
produce
Taste



“The general failure in the last three links (plant 
animal and human) is attributed to the failure in 
the first link, the soil: The undernourishment of 
the soil is the root of all.  The failure to maintain a 
healthy agriculture has largely cancelled out all 
the advantages that we have gained from 
improvements in hygiene, in housing and medical 
discoveries.”
“To retrace our steps is not really difficult once we 
set our minds to the problem.  If we are unwilling 
to conform to natural law, we shall rapidly reap 
the the reward not only in a flourishing 
agriculture, but in the immense asset of an 
abounding health in ourselves and our children’s 
children.” Sir Albert Howard (1945)



Useful references and websites
Organic Consumers Organization 
www.organicconsumers.org..
Pesticide Action Network 
www.pesticideinfo.org..
Environmental Working Group 
www.ewg.org…
Benbrook, The Organic Center for 
Education and Promotion.  www.organic-
center.org..
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