Lecture 6: Nutrition for Pregnancy

Ovum – (fertilization)  zygote – (cell division 5 days)  blastocyst – (implantation and development of placenta)  embryo (2-8 weeks post conception)  fetus (8 weeks to terms)

Prenatal Development
1. Ovulation releases an egg from the woman’s ovary
2. Fertilization occurs in the oviduct 12-24 hours after ovulation
3. [image: ]About 30 hours after fertilization, the fertilized egg has completed its first cell division
4. About 3-4 days after fertilization, the developing embryo is a ball of about 100 cells
5. About 6 days after fertilization, the developing embryo begins to implant itself in the uterine lining. Implantation is complete by 14 days after fertilization
6. During the embryonic stage of development (2-8 weeks), cells differentiate and arrange themselves in the proper locations to form the major organ systems. The embryo shown here is about 5-6 weeks old and less than 3cm long
7. [bookmark: _GoBack]During the fetal stage of development (9 weeks until birth), the fetus grows, and internal and external body structures continue to develop. This fetus is about 16 weeks old and about 16cm long

The Placenta
· In pregnancy the placenta develops in the uterus and it is an interweaving of the maternal and fetal blood vessels
· The placenta delivers oxygen and nutrients to the fetal blood and carries away fetal waste

Critical Periods
· Time of intense development and rapid cell division. Certain cellular activities must occur during these times
· An organ or tissue is most vulnerable to deficiencies or toxins during its critical development period
· Different critical periods are the reason why there are different nutrient recommendations/requirements through pregnancy

Summary – growth and development
· An ovum is fertilized, undergoes cell division and implants in the uterus
· The embryonic stage is from 2-8 weeks
· Fetal stage is 8 weeks to term
· The placenta delivers oxygen and nutrients and carries away fetal waste
· Critical periods are times of rapid cell division and tissue is most vulnerable during this period

Consequences of failure of neural tube to close
· Anencephaly: absence or malformation of the brain – we cannot survive, failure of neural tube to close
· Spinal bifida: mild may have no symptoms, partial paralysis, curvature of the spine, mental handicaps, muscle weakness, sensory losses

Factors that increase likelihood of neural tube defect
· Personal or family history of pregnancy affected by neural tube defects
· Maternal diabetes
· Maternal use of certain anti-seizure medications
· Mutations in folate related enzymes
· Maternal obesity
*folate supplementation reduces the risk, folate deficiencies increase the risk
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Structure of Folate
· In foods, folate naturally occurs as polyglutamate (folate occurs as monoglutamate in fortified foods and supplements
· In the intestine, digestion breaks glutamates off…and adds a methyl group. Folate is absorbed and delivered to cells
· In the cells, folate is trapped in its inactive form
· To activate folate, vit B12 removes and keeps the methyl group, which activates vit B12
· Both the folate coenzyme and the vit B12 coenzymes are now active and available for DNA synthesis

Folate and DNA replication
· Folate is critical to replication
· Rapidly dividing cells significantly affected: intestines, skin, and during prenatal development
DNA methylation
· Involved in binding of methyl groups to DNA. Methylation of DNA is important in turning on and off of genes – very important during pregnancy because at different times certain genes need to be turned on or off

[image: ]Role of folate in neural tube closure





Epigenetics and Fetal Programming
· Epigenetics: the area of study that examines how environmental factors influence gene expression without changing the DNA
· Fetal programming: the influence of substances during fetal growth on the development of diseases later in life
· Maternal nutrition can impact fetal gene expression and influence future disease risk

How to calculate Dietary folate equivalents (DFE)
· Synthetic folate from supplements and fortified food is absorbed at 1.7 x rate of naturally occurring folate
· To calculate the DFE multiply the amount of synthetic folate by 1.7 and then add the natural source folate
· Example:
· Fortified cereal 100 micrograms
· Fortified bread 40 micrograms
· Fortified pasta 60 micrograms
· 90 grams from non fortified NATURAL source
· 100 + 40 + 60 = 200 x 1.7 = 340 + 90 (from natural source) = 430 microgram DFE

Folate Recommendations
· All women of childbearing age who are capable of becoming pregnant should consume 400 micrograms folate daily
· During pregnancy 600 micrograms DFE
· Previously had infant with neural tube defect? Can be prescribed to consume 10x that amount – 4 milligrams daily (prescription required because this dose can mask vit B12 deficiency)

Folate Deficiency and Macrocytic Anemia











[image: ]Folate Research
· Link between maternal folate status and NTD first identified in the 1970s
· Later studies confirmed ability of 400 micrograms to prevent first NTD

Folate Timeline
· 1970s – low first trimester RBC folate in women who gave birth to NTD infants
· 1980s and 1990s RCTs confirm link between folate supplements and NTD prevention
· Risks and benefits of fortification weighed and mandatory fortification of certain foods begins in Canada 1998
Folate intake in Canada – too little or too much?
· 1st concern: maybe folate fortification had something to do with the cancer rate. When there are precancerous cells the folate could encourage and accelerate their division (just a theory). Without precancerous cells you would not see this same risk
· 2nd concern: high folate intake might mask B12 deficiency symptoms
· Normally B12 deficiency results in anemia due to insufficient activation of folate, however, if folate dose high enough, this bypasses the need for B12 dependent activation of folate. Anemia, which is an easy way to identify B12 deficiency won’t develop and B12 deficiency may go undetected
· If deficient, neurological symptoms develop

Results of Folate Supplementation
· Since the implementation of folate fortification, the incidence of neural tube defects has been decreased in the US and decreased in Canada

Folate/neural tube Summary
· Failure of the neural tube to close results in anecephally or spina bifida
· Folate supplementation reduces the risk
· The role of folate in DNA methylation is thought to play a mechanistic role
· Women of child bearing age – take 400microgram/day supplement
· Research has resulted in the decision to mandate folate fortification
· Neural tube defect incidence has decreased post fortification

Maternal Weight Gain
· Birth weight is a very important indicator of infact health
· Birth weight is influenced by maternal weight during pregnancy

Maternal Weight
· Underweight – risk of low birth weight infant
· Overweight and obesity – 1/3 of all pregnant women in the US are obese
· Increased risk of: hypertension, gestational diabetes, postpartum infections, birth weight over 9lbs

Weight Loss after Pregnancy
· Some lost directly with delivery
· Continued loss as blood volume and fluids return to normal
· Typically retain some weight. >7lbs retention associated with greater future health risk

Exercise During Pregnancy
· Dos
· Begin to exercise gradually
· Exercise regularly
· Warm-up for 5-10 min at light intensity
· 30 min or more of moderate physical activity
· Cool down 5-10 min with gentle stretching
· Drink water before after and during exercise
· Eat enough to support need of pregnancy plus exercise
· Rest adequately
· Don’t 
· Exercise vigorously after long periods of inactivity
· Exercise in hot humid weather
· Exercise when lying on back after first trimester or stand still for long periods
· Exercise if you experience pain, discomfort or fatigue
· Participate in activities that may harm the abdomen or involve jerky, bouncy movements
· Scuba dive

Nutrition during Pregnancy
· How much extra energy is needed during pregnancy?
· During the first trimester: 0
· During the second trimester: 350kcal
· During the third trimester: 450kcal
· During lactation need about 500 extra, this is because the baby is growing faster when out of the belly

Maternal Weight Summary
· Both gaining too little and gaining too much weight is associated with negative maternal/fetal consequences
· In the second and third trimesters maternal energy needs are increased
· Weight retention post delivery can increase future health risk
· Exercise during pregnancy is generally recommended

Macro and micronutrient recommendations

Carbohydrates
· Ensures adequate supply for fetal nervous system
· Ensures that protein is used for growth and not energy
· Recommended intake increased by 45g/d in pregnancy to 175g/d, but this is still below a typical 300g/day intake
· Most women don’t need to consciously take in more carbohydrate, most will be taking in enough on a daily basis
Protein
· RDA is 25g/d higher for pregnant women in the 2nd and 3rd trimester
Fat
· Ensure adequate intake of linoleic and alpha-linolenic acid
· AI: linoleic acid g/day: 12; alpha linolenic acid g/day: 1.1
· DHA fatty acid derived from fish oil or synthesized from alpha-linolenic acid – functions in fetal brain and retina development
Water
· Needs increased modestly in pregnant women
· Increase about 250ml/day

Vitamin D and Calcium
· Vitamin D (aids in calcium absorption) – recommended intake not different from non-pregnant women. Sunlight and a diet including fortified milk are usually sufficient to meet needs; if not a supplement can be considered
· Calcium  - about 30g is transferred to fetus. Absorption and retention increase during pregnancy
· 1000mg per day of dietary calcium is recommended (same as non-pregnant women)

Vitamin C
· Needed for synthesis of collagen
· Skin, tendons, protein matrix of bones
· Vitamin C deficiency during pregnancy increases risk for premature birth and pre-ecclampsia
· RDA increased by 10mg/day during pregnancy (85mg/day)

Nutrients for Blood Production and Cell growth
· Rapid cell production in fetus
· Maternal red blood cell mass expansion
· Folate – recommended to be obtained from supplements (400microgram/day), fortified foods and diet (RDA 600 micrograms)
· B12 – diet intake usually sufficient if eat milk, fish, eggs or milk products. Vegans may need to supplement or eat fortified foods (RDA 2.6 micrograms/day) (up to 2.4)
· Iron – supplement recommended (RDA 27mg/day; up from 18mg/day)
· Zinc – supplements not generally recommended (RDA 11mg/day, up from 8mg/day)

Prenatal Vitamins
· With careful food choices can meet most nutrient needs (iron may be an exception)
· Prenatal vitamins routinely recommended
· Contain higher amounts of folate, iron, calcium than regular multivitamin/mineral supplements
· Supplement use typically recommended prior to pregnancy

Vegan diets during pregnancy and lactation
· May require supplementation of (or ingestion of foods fortified with):
· B12 – deficiency can result in spinal cord damage and psychomotor problems
· Calcium

Nutrient Needs Summary
· Carbohydrate and protein needs are increased
· It is important to meet the AI for essential fatty acids
· Water needs increase modestly
· Calcium and vit D recommendations not different in pregnancy
· Vit C, folate, B12, iron and zinc recommended intakes all increased during pregnancy

Nutrition related concerns
· Nausea
· Morning sickness can actually happen anytime
· Can range from mild to severe
· May result in dehydration or excessive weight loss
· Caused by hormonal fluctuations
· May be relieved by rest and eating desired foods
· Constipation
· Caused by changes in muscle tone and crowding of intestines
· May be relieved by: high fiber foods, regular exercise, high fluid intake, prompt response
· Heartburn
· Caused by hormonally induced relaxation of digestive muscles and increased pressure on stomach
· May be relieved by: slow eating, small frequent meals, drinking fluid between meals, sitting up while eating, wait 3h after meal before lying down, wait 2h after meal before exercising
· Food cravings and aversions
· Non-food cravings

Risks of Pregnancy

Low infant Birth Weight
· Low birth weight = <5.5lbs or 2500mg
· Risk of low infant birth weight is increased with a high risk pregnancy
· Survival (and health) are compromised by low birth weight 
· Preterm infants:
· Size appropriate for gestational age
· Small for gestational age

Low Birth Weight
· Smoking
· Poor nutrition
· Stress
· Teen pregnancy
· Alcohol/drug abuse

Malnutrition and Pregnancy
· Decreases fertility
· Poor placental development and increased risk of low birth weight and physical and cognitive abnormalities
· Nutrient deficiencies impair development during critical periods

Diabetes
· Maternal diabetes – good glucose control reduces risks
· Gestational diabetes 1/25 pregnant women
· Risk factors: 
· Age 25+
· BMI > 25 or excessive weight gain
· Previous gestational diabetes or high birth weight infant
· Prediabetes or symptoms of diabetes
· Family history of diabetes
· Hispanic American, African American, native American, pacific islander, Asian American

Signs and Symptoms of Diabetes
· Excessive thirst (polydipsia)
· Frequent urination (polyuria)
· Unexplained weight loss
· Infections and cuts that are slow to heal
· Blurry vision
· Fatigue

Diabetes
· Gestational diabetes continued
· Increases risk of high birth weight infant
· Increases risk of maternal diabetes (especially if overweight)
· Increases risk of other birth defects including heart damage and neural tube defects
· May be controlled with diet and exercise but if glucose control not achieved insulin or other drugs may be necessary

Maternal Age
· 20-25 years is considered physically ideal
· Pregnancy in adolescents
· Still growing
· Less likely to seek prenatal care
· More likely to smoke

Maternal Age >35
· Hypertension and diabetes more common, which increases chances of needing a cesarean section. Cesarean section twice as common in women >35 years
· Higher rates of preterm births and low birth weight
· Risk of genetic abnormalities increased
· Fetal death – possibly due to inadequate uterine blood vessel development

Caffeine
· Adverse effects not entirely clear
· Heavy use (3+ cups per day) may be associated with increased risk of miscarriage
· Text – recommends to limit consumption to 200mg/day the equivalent of 2 cups of coffee

Fetal Alcohol Syndrome
· Alcohol crosses the placenta and can therefore enter the fetal blood supply, it also reduces placental blood flow decreasing delivery of oxygen and nutrients
· Fetal alcohol spectrum disorder – a range of physical behavioral and cognitive abnormalities caused by prenatal alcohol exposure – severity of symptoms depends on dose, timing and duration of exposure
· Alcohol related neurodevelopmental disorders – functional or mental impairments linked to prenatal alcohol exposure
· Fetal alcohol syndrome: a cluster of physical, behavioral and cognitive abnormalities associated with prenatal alcohol exposure

FAS – Developmental consequences
· Impaired prenatal and postnatal growth
· Impairment of the brain and central nervous system. Intellectual disability, poor motor skills and hyperactivity
· Abnormalities of the face and skull
· Increased frequency of major birth defects: cleft palate, heart defects

Recommendations
· Complete abstinence from alcohol is recommended during pregnancy and if trying to become pregnant
· Safe level of intake not known
· First 6-8 weeks of pregnancy are a critical period – often pregnancy not yet confirmed in this period

Environmental Contaminants
· Lead
· Low birth weight
· Delayed mental psychomotor development
· Lead exposure: paint chips and dust, leaching into water from pipes, soil, traditional pottery
· Mercury
· Methylmercury is the most harmful form and is produced from inorganic mercury by the metabolism of aquatic organisms
· The main target of methlymercury is the brain where division and migration of neuronal cells are inhibited
· Can result in widespread lesions in the fetal brain

Maternal Risk in Canada
· Maternal death rate in Canada 5.5/100 000

Risks of Pregnancy Summary
· Several factors related to maternal nutrition including weight gain, nutrient deficiencies, and diabetes can increase maternal and fetal risk
· Adolescent pregnancies or pregnancies in women over the age of 35 are associated with greater risk
· Cigarette smoking, alcohol consumption, caffeine consumption and exposure to environmental contaminants can negatively impact fetal growth and development
· Maternal risk is low in canada but not equally distributed. The CPNP aims to help women who are at greater risk

Nutrition during Lactation

Lactation
· Follows pregnancy
· Lactation – production and secretion of breast milk by the mammary glands
· Under hormonal control
· Prolactin – stimulates milk production
· Oxytocin – stimulates milk release

Breastfeeding
· Health ramifications
· Cultural issues
· Other issues
Breastfeeding recommendations
· Health Canada:
· Exclusive breastfeeding for first 6 months
· Breastfeeding with complementary foods for at least 12 months
· However, iron fortified formula, which imitates the nutrient composition of breast milk is an acceptable alternative

Infant Energy Needs
· Energy recommendations during the first 6 months are based on the average intakes of healthy, full-term infants fed breast milk
· Infants need 100kcal/kg body weight per day. This could be >7000 kcals for an adult
· Weight can triple in the first year
· Newborns require feeding every 1-3hrs because of high energy requirement and small stomach
Composition of Breast Milk
· 6% protein
· 54% fat
· 40% carbohydrate
· Differs significantly from adult recommendations
· Vitamins – content ample with exception of vitamin D
· Minerals – high in calcium
· Needs for supplements/fortified foods – typically vitamin D, iron and fluoride, single dose vitamin K

Immunological Protection
· Colostrum: milk like secretion from the breast during the first few days after delivery
· Contains antibodies and helps to protect the newborn from infections against which the mother has developed immunity
· Maternal antibodies: in breast milk inactive disease causing bacteria in infant digestive tract
· Bifidus factors: foster “good” gut bacterium lactobacillus bifidus
· Oligosaccharides: that prevent the binding of pathogens to the intestinal cells
· Lactoferrin: aids in iron absorption and keeps it away from bacteria
· Lactadherin: binds to and inhibits replication of the virus that causes most infant diarrhea

Formula
· 9% protein
· 49% fat
· 42% carbohydrate
· Made to emulate the human milk taken from well-nourished mothers during the first on second month of lactation when the infant’s growth rate is high
Addition of solid food
· Introduce single-ingredient foods one at a time, in small portions, waiting 3-5 days before introducing the next new food
· For allergies – easy to recognize allergies

Maternal Energy Requirements during Lactation
· 25oz of milk/day
· This requires 500+ kcal/day
· Recommended that energy intake is 330kcal/day above normal and that remaining energy comes from stored fat
Maternal Nutrient intake during lactation
· Nutritional inadequacies will impact the quantity of breast milk produced more than the quality
· Maternal stores of vitamins and minerals will decline if dietary intake is inadequate
· AI for total water is 3.8L/day, total beverages should be 3.1L

Breastfeeding and maternal health
· Colds – OK
· Tuberculosis – not OK
· HIV – not OK
· Diabetes – careful monitoring, good glucose control important
Practices incompatible with lactation
· Alcohol – may reduce feeding. An occasional alcoholic beverage may be safe, but breastfeeding should be delayed for 2h
· Medication – some are contraindicated
· Smoking – reduces milk volume, and milk will contain nicotine
· Mercury – recommendations as for pregnancy
· Caffeine – may make infant irritable and wakeful. No more than 2 cups coffee/day

Nutrition during Lactation Summary
· Breastfeeding is recommended for the first 12 months of life
· Infants need 100kcal/kg/day
· Breast milk is composed of 6% protein, 54% fat, and 40% carbs
· Breast milk contains several factors that facilitate infant immunity and health
· Maternal energy requirement and requirements for several micronutrients are increased during lactation
· Some factors, including maternal disease may make formula feeding a better option than breast feeding





Lecture 7 – Nutrition during Infancy through Adolescence

Infant Energy Needs
· Energy recommendations during the first 6 mos are based on the average intakes of healthy, full –term infants fed breast milk
· Infants need 100 kcal/kg body weight per day .  This could be >7000 kcals for an adult!!
· Weight can triple in the first year (e.g. 7 lbs-21 lbs)
· Newborns require feeding every 1-3h

Composition of Breast Milk
· 6% protein ( much alpha-lactalbumin)
· 54% fat (linoleic and linolenic acid as arachidonic acid and DHA)
· 40% carbohydrate  (lactose)
· Differs significantly from adult recommendations!
· Vitamins – content ample with exception of vitamin D
· Minerals- high in calcium

Formula
· 9% protein
· 49% fat
· 42% carbohydrate
· “Made to emulate the human milk taken from well-nourished mothers during the first on second month of lactation when the infant’s growth rate is high” – AAP; text
· Increased risk of contamination

Water Needs
· High dehydration risk
· -large surface area to volume ratio
· - high urine loss due to low water reabsorption in kidney
· - cannot communicate thirst
· Exclusively breast fed? No additional fluid requirement
· AI – 0.7 L/day for 0-6mos and 0.8 L for 7-12mos 

Immunological Protection
· Colostrum: milk like secretion from the breast during the first few days (2-4) after delivery.
· Contains antibodies  and helps to protect the newborn from infections against which the mother has developed immunity.
· Maternal antibodies in breast milk inactivate disease causing bacteria in infant digestive tract
· oligosaccharides that prevent the binding of pathogens to the intestinal cells
· Bifidus factors – foster “good” gut bacterium lactobacillus bifidus
· Lactoferrin – aids in iron absorption and keeps it away from bacteria
· Lactadherin – binds to and inhibits replication of the virus that causes most infant diarrhea
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Secretory Immunoglobulin A
· Primary immunoglobulin in the gut
· Works by blocking adherence of pathogens to the intestinal epithelium
· This can occur by IgA  binding to a specific site on the antigen that interacts with the epithelium
· Can function as an intestinal epithelium ‘decoy’ such that the pathogen binds to sIgA rather than the epithelium (non specific)
· Can also entrap the pathogen in mucous

Probiotics are promising but we need to know more about it and the mechanisms behind it

How do we know nutrient needs are being met?

Feeding Infants
· At 6mos semisolid and solid foods can be added to the diet
Recommendations for added foods
· Iron containing rice cereal, cooked egg yolks, fish, meats, well cooked legumes and tofu
· Pureed vegetables or fruits
· Milk products, cheese and yogurt (fluid milk at 1yr due to low iron and digestion concerns)
Honey
· Honey avoided until 1yr due to potential for ingestion of spores of clostridium botulinum
· If spores germinate it can prevent nerve transmission

Addition of solid food
· Introduce single-ingredient foods on at a time, in small portions, waiting 3-5 days before introducing the next new food
· Allergies


Food Allergies in Infants
· Immature digestive tract allows absorption of incompletely digested proteins, causing an immune system reaction
· Allergen – A substance, usually a protein that stimulates an immune response
· 2nd exposure can result in vomiting, diarrhea, asthma, hives, runny nose swelling
· Wheat, peanuts, eggs, milk, nuts, fish, shellfish, soy

Allergies vs. Intolerance
· Allergy – immune response
· Intolerance - digestion problem
· Lactose intolerance (gas and bloating following consumption of milk products) is a result of inadequate lactase

Food Allergies
· Prevalence 3.5% (US)
· 3.9% of US children with prevalence increasing 18% from 1997-2007
· Peanut allergy prevalence (US and UK) estimated at 1% 

IgE Allergic Reaction
· Immune system T lymphocytes recognize allergen  (pollen, food protein)
· T cell differentiates to Th2 cell
· Th2 cell stimulates B lymphocyte to make allergen specific immunoglobulin E (IgE) antibodies
· IgE antibodies bind to mast cells 
· If IgE antibodies recognize allergen, they will stimulate the mast cell to de-granulate and release histamine, prostaglandins and leukotrines – these are what cause the symptoms
· These substances cause symptoms
· Epitope - a specific peptide domain with a protein responsible for the allergic potential (binds to IgE and causes degranulation)
· Sequential (linear)- amino acids in sequence.  Allergic potential remains after heating
· Conformational - amino acids brought together by the folding of the protein.  No longer in proximity when protein is denatured.
· Symptoms- urticaria, angioderma, swelling of the throat, itchy throat, eyes skin
· Occur shortly after ingestion
· May be life threatening – anaphylaxis

Infant Needs Summary
· Infants need 100kcal/kg/day
· Breast milk is composed of 6% protein, 54%fat and 40% carbohydrate; formula emulates this composition
· Breastfed infants may be at risk for iron, vitamin D and vitamin K deficiency
· Growth charts are used to assess adequate nourishment
· Breast milk contains several factors that facilitate infant immunity and health
· Addition of solid food begins at 6mos and should be done systematically to reduce allergy associated risk

Nutrient needs of Children
· Amount of energy and protein required per kg declines, but total requirement increases as children get bigger

Summary, AMDR by age
	Age
	Carbohydrate
	Total fat
	Protein

	1-3
	45-65
	30-40
	5-20

	4-18
	45-65
	25-35
	10-30

	>19
	45-65
	20-35
	10-35



Feeding Children
· Offer a variety of foods
· Nutrient density is particularly important due to:
· - small energy needs
· -small appetite
· -large nutrient needs

45 studies from 1950 -2008
“overall, evidence suggests that breakfast consumption has generally positive effects on cognitive performance in comparison with breakfast omission”

Calcium and Vitamin D
· [image: ]Adequate calcium intake is critical to reach peak bone mass
· Vitamin D assists in absorption because it increases expression of genes that code for intestinal calcium transport proteins

Calcium intake, blood calcium regulation and BMD
[image: 11.008]








Changes in Bone Density Across the Lifespan in Females
- Women at greater risk because of their lower peak bone mass and the accelerated decline post menopause

Osteoporosis
· Can be defined as an abnormal decalcification of bones causing loss of bone mineral density (BMD)
· With osteoporosis the bones are porous and fragile and break with a smaller stress than would occur in healthy (dense) bones.  

Bone Metabolism
· Osteoblasts: make new bone
· Osteoclasts: reabsorb bone in their vicinity by releasing acids that dissolve the calcium and enzymes that break down the organic matrix
· Influenced by several factors
· Estrogen (decreases bone resorption)
· Calcium availability and adequate nutrient intake
· Physical activity (bone responds to mechanical loading by building bone) – for PA to be beneficial must have adequate calcium and nutrient intake
Consequences of Osteoporosis
· Kyphotic spine
· Fractures to vertebrae, femoral neck (hip) and wrists
· Silent disease – fracture may be first symptom and may not occur until there has been a 30% loss of BMD

Key risk factors for fracture
· Low bone mineral density (BMD) 
· Prior fragility (low-trauma) fracture 
· Long-term (more than 3 months continuously) use of glucocorticoid therapy such as prednisone 
· Age – the risk of fracture increases with age 
· Family history of osteoporotic fracture 

1.4 million Canadians have osteoporosis
Surgical options for hip fractures
Femoral neck fractures
· Metal screws:  internal fixation. 
· Replacement of part of the femur: hemiarthroplasty. 
· Total hip replacement
Hip Fractures and Morbidity and Mortality
· 60% have difficulty with at least one essential activity of daily living (i.e. dressing, bathing)
· 80% are restricted in other activities (i.e. driving, grocery shopping). 
·  50% will be unable to walk without assistance
·  25% will require long-term domiciliary care. 
·  10%-20% will die in the subsequent 6 months, and 21-36% in the subsequent year
Vertebral Fractures and Morbidity and Mortality
· Cause significant disability due to pain and thoracic kyphosis. 
· Thoracic spine fractures are more symptomatic and disabling than those in the lumbar spine. 
·  Quality of life studies have shown an increasing impact on quality of life with an increasing number of vertebral fractures.

Anorexia Nervosa and Osteoporosis
· Define diagnostic criteria
· Describe the animal hyperactivity model that provides evidence of a physiological basis for hyperactivity in AN
· Describe the relationship between AN and osteoporosis
Anorexia Nervosa
•  Refusal to maintain body weight at or above 85% of normal weight for age and height.
•  intense fear of gaining weight or becoming fat, even though underweight.
•  Disturbance in the way body weight or shape is experienced, or denial of the seriousness of the current low body weight.
•  In women, absence of at least three consecutive menstrual cycless without other known cause.
· Restricting type: During the current episode of anorexia nervosa, the person does not regularly engage in binge-eating or purging behavior (i.e., self-induced vomiting or the misuse of laxatives, diuretics, or enemas).
· Binge-eating type or purging type: During the current episode of anorexia nervosa, the person regularly engages in binge-eating or purging behavior (i.e., self-induced vomiting or the misuse of laxatives, diuretics, or enemas).

Prevalence of AN
· AN reported to have highest mortality rate of any psychiatric illness
· US Prevalence:
· Women 
· AN 0.9%; BN 1.5%; BED 3.5%
· Men
· AN 0.3%; BN 0.5%; BED 2%
· Hudson et al., Biol Psych. 2007 61(3): 348-358
AN and Excessive Exercise
· Purely psychological origin?
· AN is associated with dietary restriction and excessive, compulsive exercise
· Animal model that could provide insight?

Semi-starvation induced hyperactivity (SIH)
Why does SIH occur?
· Foraging behavior
· Supported by a cessation of hyperactivity upon resumption of ad libitum access to food
· Thermoregulatory behavior

AN, Excessive exercise and SIH
· Animal SIH suggests that there may be a physiological (rather than solely psychological or cognitive) mechanism underlying AN hyperactivity

AN and Bone Mineral Density/osteoporosis

Prevalence of low BMD in AN?
PATIENTS: 
130 women with anorexia nervosa.
RESULTS: 
Bone mineral density (BMD) was reduced by at least 1.0 SD at one or more skeletal sites in 92% of patients and by at least 2.5 SD in 38% of patients. Weight was the most consistent predictor of BMD at all skeletal sites. 

Multifactorial origin of osteoporosis in AN
· Low body mass: means less mechanical loading of bone and therefore decreased stimulation of bone building
· Low estrogen: means less inhibition of bone resorption – why low estrogen levels?
· Low calcium or Vit D intake: means less calcium available to build bone and bone may be stimulated to release calcium to regulate blood calcium levels

Anorexia and Ammenorrhea











[image: ]Does adolescent anorexia result in long-term lower BMD post recovery?
· Recovered anorexics vs. age and weight matched healthy controls
· Mean AN duration 3 yrs
· At least 14 yrs post recovery
· Studies have shown increases in AN patients who regain weight and resume menses however full recovery to normal BMD may not occur 
Summary – AN and BMD
· Several factors contribute to osteoporosis in AN
· Bone density is also lower in amenhorreic athletes although wt. bearing provides some protection
· Recovery from AN may not ensure complete BMD recovery

School Programs – to promote less screen time and being healthy
· Comprehensive School Health
· Coordinated School Health
· Health promoting Schools
· “An integrated school-based health promotion framework that goes beyond classroom-based health education models to a more integrated approach involving education the whole school environment”  Fung et al., 2012
· Evidence of effectiveness?
· family inclusion and education
universal breakfast programs
healthy menu choices with increased offerings of fruit and vegetables
increased access to equipment & physical activity opportunities before school, at recess and lunch
· after school physical activity programming
· non traditional physical activities
professional development for staff

Summary – School Intervention Programs
· Growing evidence of effectiveness of comprehensive program
· Transferability – having success in one area and having it expected to be successful in all other areas
· Limitations of assessment  - self report

Adolescence – Special Concerns
· Appearance and eating disorders
· Competitive  athletics
· Smoking
· Up to 13% of Canadian teens (2008)
· Influence on hunger
· Influence on vitamin C needs

Adolescent Nutrient Needs
· Vitamins – needs greater, vitamin B needs  and vitamin A needs not met by all Canadian youth
· Iron – 12% of  Canadian adolescent girls not meeting iron requirements
· 70% of girls and 30% of boys in Canada  not meeting calcium requirements
· 15-20% of Canadian girls may not be meeting requirements for zinc
· Linked to low intakes of vegetables, fruits whole grains and milk and milk alternatives

Lecture 8 – Nutrition for older adults

What is aging?
“The inevitable accumulation of changes with time that are associated with and responsible for an ever increasing susceptibility to disease and death”
				
Loss of cell number and function eventually results in an appreciable decline in organism function once the reserve capacity is exceeded

Age related terms
· Young Old
· 65-74
· Old Old
· 75-85
· Oldest Old
· 85+

· Physiological age
· Age estimated from body health and probable life expectancy
· Chronological age
· Age in years from birth
Physiological age can be younger or older than chronological age
· Life expectancy- The average length of life for a population of individuals
· Life span – the maximum number of years of life attainable by a member of a species
· Dogs 20 yrs
· Mice 3 yrs
· Humans 120 yrs
· longevity- Long duration of life

What causes aging?
· Programmed cell death (apoptosis)
· Aging occurs because cell death is trigged when genes that disrupt cell function are activated.  This causes selective, organized death of cells.
· Support?- Lab grown cells divide only a certain number of times before they die
· Wear and tear
· Aging occurs due to an accumulation of cellular damage, e.g. errors in DNA synthesis, damage by free radicals
· Could be both – not necessarily mutually exclusive

Questions related to aging?
· To what extent is aging inevitable, and can it be slowed through changes in lifestyle and environment?
· What role does nutrition play in the aging process and what role can it play in slowing aging?
· Difficulty in aging research is identifying ‘healthy aging’ i.e. separating changes that are due to aging alone and changes that are due to disease, poor lifestyle, environment etc.
· Aging can be a risk factor for disease

Factors influencing physiological age
1. Eating a balanced diet that includes fruits and veggies
2. Engaging in regular physical activity
3. Not smoking
4. Using alcohol in moderation or not at all
5. Maintaining a healthy body weight
6. Sleeping regularly and adequately

Can manipulation of diet influence longevity

· In animals energy restriction (eating a nutrient adequate diet with 30-45% fewer calories than would typically be consumed)  has been shown to increase longevity
· Rodents, worms, insects
· May be due to a reduction in oxidative stress secondary to a reduction in oxygen consumption
· Via ETC – ATP production

Benefits of Exercise
· In general
· On cognitive function (study review)
· On Energy Intake

Cognitive Function
· dementia– a deterioration of mental state resulting in impaired memory, thinking, and/or judgment
· Strokes
· Alcoholism
· Medication side effects
· Alzheimer’s disease
· Nutrient deficiency?
Exercise intervention – supervised
· Aerobic group: 75-85% Heart rate reserve, 45-60 min/d, 4 d/wk for 6 months
· Stretching group- Same time schedule, heart rate at or below 50% Heart rate reserve

Study Conclusions/results summary
· Fitness improved after 6mos of aerobic exercise.  Insulin sensitivity improved in women
· Aerobic exercise improved performance on tasks that assess executive function, especially in women
· Sex differences may be due in part to the differences in changes in glucose metabolism

Benefits of exercise
· Increasing physical activity increases energy needs
· This will make it easier to meet nutrient requirements
· Often in older individuals they have low energy requirements yet high nutrient requirements – thus a benefit with PA

Energy and Nutrient Needs
· DRIs are broken into 4 age categories:
· 19-30
· 31-50
· 51-70
· >70

Energy Needs
· Energy needs typically decreased in elderly
· Decreased BMR
· Decreased TEF
Estimating Energy Requirements
· Take energy requirement for 30 yr old
·  Women, subtract 7 kcal /day for each year over 30
· Men, subtract 10 kcal/day  for year over 30
Decreased physical activity will also decrease energy needs

Estimating Energy Requirements
· 62 kg sedentary 30 yr old woman , 1.7 m tall 
· 1963 kcal/day
· Estimate energy expenditure for a 70 yr old woman who is sedentary, 62 kg and 1.7 m tall
90kg, low active 30 yr old man, 1.9m tall
· 3078 kcal/day
· Estimate energy expenditure for a 90 yr old man who is low active, 90kg and 1.9m tall

Protein
· Tissue repair
· Still recommended at 0.8 g/kg body weight
Fat
· Recommendations same as younger adults (20-35% of diet)
Carbohydrate
· Same recommendation as for younger people (45-65%)
· Important to spare protein
· Fiber AI: Women 21 g/day, Men 30g/day (down from 25 and 38, reflecting lower energy intake)

Water
· Recommended intake not different from young people
· May be less likely to meet this intake
· Thirst
· Mobility
· Medication
· Depression
· incontinence

Vitamins
· B12- Same RDA as younger adults.  
· Absorption may be lower due to atrophic gastritis
· Recommended to meet the RDA by eating fortified foods or taking supplements because these sources have increased bioavailability
· Supplement/fortified foods do not bind to proteins – easily absorbed
Atrophic Gastritis
· Inflammation of the stomach lining
· 10-30% of population over 50; 40% over 80
· Causes decreased secretion of stomach aid and in severe cases secretion of intrinsic factor
· Less B12 released from proteins in food
· Low acid secretion also permits excess microbial growth in stomach and small intestine.  Microbes compete with intrinsic factor for B12 binding and further reduce absorption

B12 deficiency
· Anemia due to secondary folate deficiency
· Neurological symptoms
· Numbness
· tingling
· Abnormalities in gait
· Memory loss
· Disorientation
· Due to myelin degeneration
· B12 is required to synthesize a derivative of the AA methionine, which is needed for the transfer of methyl groups to make the myelin sheath.

Vitamins
· Vitamin D
· Skin has a decreased ability to produce it
· Less time outdoors
· Kidney has a decreased ability to activate it
· Intake may be low due to low milk intake
· Recommended that people over 50 consume a supplement of 10micrograms/day
Minerals
· Calcium
· Increased RDA to 1200 mg/day (from 1000)
· If lactose intolerant may need fortified juice
· Iron- needs of women decreased due to decreased loss post menopause  
· Iron deficiency
·  blood loss
· Poor absorption due to low stomach acid
· Antacid use
· Atrophic gastritis

Energy and Nutrient Needs Summary
· Energy needs reduced
· Overall nutrient needs not drastically different from younger adults, but there may be greater challenges associated with meeting those needs in the elderly

Hunger and Appetite
· Weight loss  decreased hunger/appetite  increased CCK and leptin, decreased ghrelin, decreased motility

Gastrointestinal Tract
1. Slowed motility– decreased strength and elasticity
2. Atrophic gastritis 
· Bacterial overgrowth
· Less stomach acid
· Decreased intrinsic factor – B12 deficiency
3. Tooth loss (decay may be increased by decreased saliva production)
4. Presbyphagia and dysphagia

Swallowing
· Aerodigestive tract – 40 muscles bilaterally activated by 6 cranial nerves
· Reflex initiated by pressure on pharynx 
· Sends afferent impulses to the swallowing center in the medulla oblongata
· Swallowing center sends efferent signal to muscles in the pharynx, esophagus and respiratory muscles
· Must shut off airflow, protect airway and direct fluid, food and medication into upper digestive tract 

Presbyphagia
· Healthy aging is associated with changes in swallowing (Presbyphagia)
· Reduced functional reserve 
· Decreased maximal lingual pressure generation
· Same lingual pressure during swallowing (submax)
· Pressure generated more slowly
· Slower initiation of automatic swallowing response following voluntary initiation
· Xerostomia– decreased salivary reserve due to fewer saliva producing cells (dry mouth may hinder food flow)
· Sensory changes – reflex may not be triggered by same pharangeal pressure
· Sarcopenia of upper digestive tract
· Medications may cause xerostomia (more than 2000!) or changes in neuromuscular responses

Dysphagia
· Dysphagia- Difficulty in swallowing
· 40% of Americans over 60yrs
Consequences of dysphagia 
· Social isolation
· Weight loss and nutrient deficiencies
· Choking
· Pneumonitis
· Dehydration
Disease associated with dysphagia
· Alzheimer’s
· Parkinsons
· Cancer
· Stroke
· Head/neck surgery
· Indwelling nasogastric tubes
· Airway intubation
Treatment of dysphagia
· Postural adjustment (eat sitting at 90 degrees)
· Eat slowly with intention
· Do not eat when rushed or tired
· Avoid mixing food and liquid.  Alternate.
· Specially designed cups and utensils to direct food to esophagus
· Eliminate thin liquids (more easily aspirated)
· Rehabilitation – strength exercises
· Percutaneous Endoscopic Gastrostomy (PEG) tubes
· Risks:
· Infection
· Bleeding
· Tube occlusion
· Gastrointestinal complication

Other nutrition related physiological concerns
· Cataracts
· The aging Brain
· Already discussed cardiovascular disease and diabetes
Nutrition related concerns
· Cataracts
· Age related clouding of lens of eye
· Oxidative stress believed to be important

The aging brain
· Decreased blood flow and # of neurons.  Cognitive impairment is a significant concern
· Nutrition and Cognitive function
· Nutrients needed as precursors
· E.g. tryptophan for serotonin production
· Vitamins and minerals needed for enzyme function in neurotransmitter production
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Food Insecurity
· Limited, inadequate, or insecure access of individuals and households to sufficient, safe, nutritious, and personally acceptable food to meet their dietary requirements for a productive and healthy life
· Estimated that 2.5%of Canadians (2007-2008) over the age of 65 experience food insecurity (~100 000seniors)

Dependent Living
· Increased risk for malnutrition
· Increased likelihood of medical conditions that compromise nutrition status (incl dementia, 50% have some disorientation or confusion)
· Dependence 
· Provision
· consumption
Programs in Canada
· No comprehensive program targeting older adults
· Local programs – congregate dinners, meal delivery
· SCREEN – used to identify elderly people who may need nutrition assistance

Nutrient-Drug interaction
· Drugs can alter food intake and the absorption, metabolism and excretion of nutrients.
· Foods and nutrients can alter the absorption, metabolism and excretion of drugs
· Combinations can be toxic
· Drugs can alter food intake
· Appetite- amphetamines suppress, corticosteroids increase
· Nausea or vomiting– digoxin, codeine
· Dry mouth– antidepressants, blood pressure meds
· Drugs alter nutrient absorption
· Changing acidity of digestive tract – antacids
· Damaging mucosal cells – antiretroviral drugs, NSAIDS
· bindingto nutrients – tetracycline binds to calcium
· Diets alter Drug Absorption or metabolism
· Calcium binding to antibiotics will also reduce drug absorption
· Lipitor metabolism blocked by a compound in grapefruit and consumption of fruit or juice may result in drug toxicity






Lecture 9 – Food Safety

What is ‘Food Safety’?
· The degree of risk (or lack there of) of becoming ill due to the consumption of food
· the condition which ensures that foods will not cause harm to the consumer when prepared and/or eaten according to their intended use
· Influenced by many things:
· Additives
· Storage
· Preparation

Food Safety vs. Quality
· The World Health Organization (WHO) defines the relationship as follows: “Food safety refers to all those hazards, whether chronic or acute, that may make food injurious to the health of the consumer…... Quality includes all other attributes that influence a product’s value to the consumer.” 

Foodborne Illness
· An illness caused by consumption of food containing a toxin or disease-causing microorganism
· Pathogens- bacteria, viruses, molds and parasites
· Toxins produced by above
· Chemical and physical contaminants
· How does food become contaminated?
· Infected animals – e.g. chicken and eggs
· Agricultural runoff, sewage and industrial toxin leaks/dumping
· Mould – wet conditions
· Processing
· Cross-contamination- equipment
· Will you get sick if exposed?
· Potency and amount/dose consumed
· Frequency of consumption
· Body size and nutritional status (e.g. lead absorption decreased if diet high in calcium and iron)
· Metabolism of substances – stored or excreted?
Food Safety – who’s Responsible?
· Internationally- WHO and Food and Agriculture Organization of the United Nations
· Share knowledge re food safety and influence policy
Canadian Food Inspection Agency (CFIA) in cooperation with Health Canada, the Public Health Agency of Canada and provincial and municipal public health agencies

Roles of the CFIA
1. Enforcement of the standards set by Health Canada on the safety and nutritional quality of food
2. Inspection of food-processing facilities to ensure that safe procedures are followed
3. Education of the consumer regarding safe food handling practices
4. Enforcement of the nutrition-labeling regulations
5. Coordination of food recalls
6. Risk assessment of diseases or pests that may threaten the food supply
7. Development of new regulations in response to changes in the food supply
8. Consumer protection from misleading food labeling
9. Certification of Canadian food exports
10. Regulation of biotechnology in co-operation with Health Canada
11. Prevention of the transmission of animal diseases to humans\Management of emergencies that may threaten the Canadian food supply

Tracking Foodborne Illness
· Rapid source identification can limit spread
· Canadian Public Health Agency maintains a database that can compare DNA of micro-organisms from the US and Canada
· Organisms found in people can be matched to the suspected contamination source
· "Class I" is a situation in which there is a reasonable probability that the use of, or exposure to, a violative product will cause serious adverse health consequences or death.
· "Class II" is a situation in which the use of, or exposure to, a violative product may cause temporary adverse health consequences or where the probability of serious adverse health consequences is remote.
· "Class III" is a situation in which the use of, or exposure to, a violative product is not likely to cause any adverse health consequences.

Hazard Analysis Critical Control Point – Principles
1. Conduct a hazard analysis- identify hazards and prevention tactics
2. Identify critical control points- when can hazard be prevented, controlled or eliminated- cooking, cooling, packaging?
3. Establish control limits- e.g. cooking time and temperature
4. Establish monitoring procedures- monitor critical limbs- e.g. how will temperature be monitored?
5. Establish corrective actions- What will be done if a critical limit is not met?
6. Establish verification procedures- is the HACCP plan effective? Do temp and time recording devices provide accurate readings?
7. Establish record-keeping and documentation procedures- record hazards and solutions and document research supporting effectiveness of control limits – e.g. studies showing that a specific temperature kills certain bacteria

Food Safety Technology
· Pasteurization
· Irradiation
· Packaging
Pasteurization
· Raises product to a set temperature for a fixed period of time.
· Goal is to kill pathogenic bacteria
Irradiation
· Controls mould in grain
· Sterilizes spices and teas (allowing room temp storage)
· Controlling insects
· Inhibiting sprouts
· Delaying ripening
· Destroying bacteria in fresh and frozen beef, poultry, lamb and pork
Approved Irradiation in Canada
· Contaminants in spices; to prevent insect infestation in flour and spices; to increase the shelf life of potatoes; to control insects in fruits, vegetables, and grains; and to slow the ripening and spoilage of some produce
· To eliminate pathogens in Red meat and poultry and pork

Packaging
· Modified atmosphere packaging
· Impermeable to oxygen
· Air inside vacuumed out to remove oxygen
· Prevents aerobic bacterial growth, and slows down oxidation reactions that discolor fruits and vegetables

Foodbourne Illness – Specific Bacteria
· Salmonella
· Signs of Infection: Abdominal pain and diarrhea
· Found in animal feces and infects food through water or improper handling
· ____________most common sources- close proximity
· Handling to reduce risk: refrigerate, wash contact surfaces, cook thoroughly
· Escherichia coli
· Sign of infection- depends on strain – diarrhea, vomiting , kidney failure, death
· Found in animal feces and contamination occurs via water or unsanitary food handling
· Escherichia coli
· Cooking to ______________________F both the bacteria and toxin are destroyed
· In ground meat, the bacteria is __________ ______________, bacteria ______________will survive if not _________________.
· Grinders may also be contaminated
· Clostridium botulinum
· Produce most deadly foodborne toxin
· Blocks nerve function
· Abdominal pain, vomiting, double vision, dizziness and paralysis causing respiratory failure
· Sources – improperly canned foods (discard can if bulging)
· Infant botulism – spores (dormant state of bacteria) germinate in infant GI tract and make toxin.  Cause weakness, paralysis and respiratory problems
· Sources- Unpasteurized honey – do not feed to infants under 1yr

Foodborne Illness – Viruses
· Do not reproduce in food, but can contaminate food and infect consumer
· Noroviruses
· Gastroenteritis – “the stomach flu”
· Person to person
· Person to food to person
· Water (polluted with human or animal feces) to food to person
· _________________may be infected!
· Cooking destroys the virus

Viral Infection
· Ingest food containing virus  virus attaches to cells lining intestine  viral genetic material transferred to intestinal cell  virus invades nucleus and cell begins to produce new virus  infected intestinal cells die and release virus copies which infect more cells

Foodborne Illness – Moulds
· _____________- toxins produced by moulds
· Most often found in cereal grains and corn
· E.g. Ergot – contaminates rye, hallucinogen 
· Common processing removes component of grain infected by the mould
· Cooking and freezing __________but ___________toxins

Foodborne Illness – Parasites
· Parasites – organisms that live at the expense of others
· Killed through cooking
· Transmitted through consumption of contaminated food and water e.g. Giardia lamblia 
· Trichinella spiralis Transmitted through consumption of raw or undercooked pork and game meats – Trichinosis - worms invade muscles causing weakness, flu-like symptoms and fever  
Foodborne Illness – Prions
· Prion – proteinaceous infectious particle
· Folded differently than normal proteins.  Corrupt neighboring proteins by similarly altering their structure.  
· Accumulate into plaques
· Not eradicated by heating
· Cause of bovine spongiform encephalopathy (BSE) (Mad Cow Disease) (form of transmissible SE (TSE))
· Human form: vCJD – variant Creutzfeldt-Jakob Disease
· Neural damage progresses to dementia and death
· Diagnosed by microscopic evaluation of tissue from brain after death

How could the Canadian agencies responsible for food safety reduce this risk?
· surveillance program (1992) in which the brains of high-risk cattle are tested for the disease.
· (1997) banned the feeding of ________________________from ruminant animals (cattle, sheep, goats, bison, elk or deer) to other ruminants.
· (1990) any suspect case of BSE must be reported to a federal veterinarian.
· Canadian Cattle Identification Program in (2001) -possible to trace individual animal movements from the herd of origin to slaughter.
· Controlling the importation of products that are assessed to have a high risk of introducing BSE into Canada. 
· (2000) suspended importation of rendered animal material of any species from any country that Canada did not recognize as free of BSE.
· Canada requires the _________________________________ _______________________________, from all animals slaughtered for human consumption. In diseased animals, the infective agent is concentrated in certain tissues ____________ _____________________

Safe food Handling
· In the store: Select food that looks and smells fresh and is in packaging that is not damaged
· Storage: Keep cold foods cold ___________keep hot foods hot __________
· Set freezer at -18
· Freeze fresh meats immediately if no plan to consume within 1-2 days.
· Avoid cross contamination
· Never re-use a dish or cutting board that had raw meat in it without cleaning
· If food that will not be cooked comes into contact with bacteria from the raw meat it will remain contaminated (i.e. not killed by cooking)
· Wash hands countertops cutting boards and utensils should be washed with warm, soapy water before each food preparation step.
CLEAN – SEPARATE – COOK – CHILL

Pesticides
· Purpose of application:
· Prevent plant	 diseases
· Prevent insect infestation
· Result – often higher yield crops that look more attractive (less insect damage)
· Containment – spread beyond intended crop.  Run off into water supply and soil.
· Regulation:
· Health Canada approval and registration
· How dangerous is it?
· How much residue is left on the crop?
· How much harm does the pesticide do to the environment?
· How necessary is it?
· What alternatives are there?
· Specific pesticides for specific crops at approved amounts
· Tolerance level on food set below level expected to cause harm
· Consider toxicity and predicted exposure that consumers will experience.
· Set Maximum residue limit- The maximum amount of pesticide residues that may legally remain on a food set by Health Canada
· Maximum residue limit is often several hundred times lower than level found to cause harm in test animals
· New pesticides
· Illegal pesticides
· Environment (soil, water way, wildlife workers)
· Not Everything tested

Food Additives
· Additives- substances that are added to food during preparation or storage and become part of the food or affect its characteristics
· Reduce foodborne illness risk 
· Enhance nutrient quality 
· Preservatives 
· Enhance texture- thickeners, emulsifiers
· Margin of Safety
· Risk determined experimentally
· Animals test fed at several concentrations throughout life
· The additive is typically permitted at levels 100x below that found to cause any harmful effects
Food Additives – hormones and antibiotics
· Intentional delivery to animal – presence in food not intended
· Animals treated when sick and can be given antibiotics to prevent disease and promote growth
· Health Canada regulates which drugs can be used and when they can be administered
· Residues remain in meat and may cause allergic reactions in humans
· Antibiotic resistant bacteria
· bST bovine somatotropin – a hormone that stimulates milk production in cows

Water
· Sources:
· Surface: lakes, rivers, reservoirs. 
· Contaminated due to acid rain and runoff from highways, urban areas agricultural areas and industrial areas
· Cities mostly supplied via this
· Ground: aquifers in rock formations. Rural supply.  Contamination slower, but longer lasting.  Contaminated by Hazardous waste sites, landfills, underground storage of chemicals
· Only 1% of the earth’s water is potable
· Treatment
· Chlorine- kill bacteria
· Reduced waterborne disease
· Bottled vs. Tap?
· Quality depends on source
· Fluoride 


Lecture 10 – Food Sources and The Environment

Sustainable
Able to continue indefinitely; using resources at such a rate that the Earth can keep on replacing them and producing pollutants at a rate with which the environment and human cleanup efforts can keep pace, so that no net accumulation of pollution occurs
Sustainable agriculture: Ability to produce food indefinitely, with little or no harm to the environment
Pillars: Environmental, economic and social impacts

Global challenge to sustainability:
· Population growth and associated growing demand for food

The global population and the food supply
· Estimated that world agricultural production must increase by 50% by 2030 to meet demands
· Problems:
· Cannot simply open up more land
· Fresh water available per person is decreasing (fourfold in last 60 years) and 70% of that is already used for agriculture
· Result?  Increased food production must take place on the same land, using less water
We would need 4 more earths if all the population on the planet consumed as much as us, we are already using a lot of the land

Inadequate food supple  environmental damage done while trying to produce enough food  damaged environment results in less food production  start again (cyclic)

Why does agriculture cause environmental damage?
Polutions- make ill our animals, injure aquatic animals (ending up in water supplies)
-by clearing the land to plant all the plant we can also displace animals-decrease space available- lead to extinction = decreased biodiversity
Plants need water- directing lots of water that wouldn’t normally be there- diversion of water from elsewhere- deplete groundwater, change ecosystems
Irrigation – plants absorb the water but leave behind some minerals in water- increase salinity= saltier water
-we take the crop away and deliver it to grocery stores- drive it all over the place- travels a long way (carbon footprint)

Agriculture and environmental damage: organic food
· Food produced without the use of:
· Most pesticides
· Fertilizers made with synthetic chemicals
· Genetically modified ingredients
· Irradiation
· Antibiotics
· Growth hormones
· Reduce farmer and consumer exposure to pesticides
· Does not guarantee reduced exposure to animal waste
· Conventional will use pesticides
· Organic- a few natural pesticides are allowed but most pesticides are forbidden- fertilizers made with chemicals forbidden, no genetically modified crops, no antibiotics or growth hormones, 
· -reduces farmer and consumer exposure to pesticides 
· -animal waste used as a fertilizer- organic food still subject to runoff from livestock waste- ecoli can be associated with that
· But none the less organic= less environmental damage

Organic Food
	Labeling term
	Meaning

	Organic
	Single ingredient or multi-ingredient products with an organic content greater than or equal to 95%.  May display logo

	X% organic ingredients
	Multi-ingredient products with an organic content greater than 70% and less than 95%.  NO LOGO

	Organic product in list of ingredients
	Multi-ingredient products with less than 70% organic content may not be labeled as organic, but organic may appear in ingredient list



Agriculture and environmental damage: energy utilization
· In industrialized nations food production accounts for 17% of energy use
· Farm machinery (use gas to be fueled)
· Fertilizer and pesticide production
· Food processing, packaging, transport, refrigeration, storage and preparation
Food Transportation
· Considerations re: food transportation
· Energy cost
· Social injustice
· Economic factors
· Food Safety issues
Water utilization
· Farming responsible for 70% of pollution of US rivers and streams (EPA)
· Irrigation depletes groundwater

Grain for the animal side of things can be used to feed animals directly or grow other animals that are then fed to the bigger animals
1 pound gain= 1 pound bread
3 pounds = 1 pound pork
8 pounds grain = beef (highest demand here)
Agricultural land used for growth of food for animals could be used to produce human food 
CAN ALSO LOOK AT WATER DEMAND
1 serving lettuce= 6 gallons
 
1 serving stead = 2600 gallons of water
(demanding it terms of agricultural demands and also water demands)- animals have to drink and we have to water their foods

Farming and environmental damage: livestock
· ‘Global Herd’ > 3 billion
· Land – extensive (rangelands), intensive (feedlot)
· Competing with land needed for housing and human consumption crops
· Deforestation
· Emissions
· Water
· Pollution – nitrogen and phosphate and pathogens
· Density and protection of waterways
· Huge number of animals – uses an extensive amount of land
· Different ways of raising animals
· -there are cattle that will graze- and then there is intensive farming or feedlot farming (large amount of animals and small amount of space)
· FEEDLOTS- increased waste material= increased risk of running into rivers and streams

Agriculture and environmental damage: rainforest deforestation

Rainforest Deforestation
Recent estimates (2006) by the National Institute for Space Research (INPE) show that almost 71 million hectares of Amazonian forest – an area larger than that of France, Belgium, the Netherlands and Israel combined – have already been destroyed.” 
· Cattle raising is responsible for ~80% of the deforestation in the amazon rain forest
· Loss of biodiversity
· Trees keep land on time
· -may not sustain grazing land- grass wont continue to grow to support the cattle- more land may need to be continued to be cleared

Sustainable agriculture: Ability to produce food indefinitely, with little or no harm to the environment

Sustainable Farming
· Crop rotation and soil quality
· Soil erosion management
· Minimal pesticide use
· Livestock
· Genetically engineered crops

Eco-efficiency
· Eco-efficiency related to both ecology and economy.
· Concerned with the efficient and sustainable use of resources in farm production and land management
· Increased when a certain production level is achieved using fewer resources, less losses to the environment  without sacrificing the productive potential of the land or economic success
Crop Rotation
· Planting the same crop year in year out depletes the soil of nutrients and/or increases specific soil borne pathogens
· Crop rotation -Farming different plants each year or different plants in parts of the year
· Rotating in grass or legumes improves soil nitrogen and carbon content and decreases erosion
· PLANTS NEED NITROGEN TO GROW- LEGUMES HELPS TO FIX THAT NITROGEN IN SOIL THEREFORE INCERASE YIELD
· When one crop is planted the residue from the previous crop is often left and precision planters deposit seeds and fertilizers
· Leaving the crop residue decreases tilling and erosion and may improve soil quality via the maintenance of that organic material but can result in soil that harbors harmful pests and bacteria
· Rotating in an new, non-vulnerable crop may increase yield
· PICTURE OF PLANT MATERIAL LEFT AFTER HARVEST- residue from previous crops can be left onto field- new plants amongst previously harvested crop residue- will decrease tilling and erosion and may also increase soil- biological material may help keep nutrients in soil
· IF YOU don’t want residue then your going to till- that increases the risk of erosion
· BUT if you don’t remove that residue then there will still be harmful pests and bacteria – so if your doing crop rotation you might not leave residue 
· Some issues with respect to crop rotation
· Plant that gets rotated in matters
· EX. this was a study where they looked at growing MAZE- grew it and measured yield in particular area – removed it and then either planted grass or legumes as plant rotated in and then went back to planting the MAZE
· After 2 years of grass yeild was much less
· -so planting legumes as plant rotating in it caused an increase yieild- helped to increase N available in the soil to help the desired target crop (the growth of MAZE)

Soil Quality – Green manuring
Desired crop (whatever that may be)
Want to rotate- to prevent bacteria that would decrease yield
So you could take away crop but that would increase erosion
So instead we can till in a filler crop into field (may help improve soil quality and space out the demand that’s placed on the soil by the desired crop-allow bacteria to recede –increase soil quality (biological material in soil)- decrease erosion)
Benefit of planting this filler crop be worth it – because there is a cost of planting the filler crop (although you will get increased yield of target crop)-weigh pros and cons

Crop and Livestock Rotation
Put animals there- will help fertilize field with their maneur
-has to be a proper density- cant have too many or else animals will pick it clean =erosion
But too much maneur = not good either
-still putting in filler crop but one animal can graze on 
MIXED type of farming scenario- both plant and animal
-Mixed farms not that common- they are usually focused on either one or another

Crop and Livestock – mixed farms
Reasons for low adoption:
· Price of moving manure may be more than buying fertilizer (within your own far moving it)
· Increased management complexity (so theres a lot of complexity associated with growing crops, animal farming and now you have to deal with expertise and problems associated with both
· Potential for poor financial return(as a result of that increased complexity)
· Increased fertilizer cost and restrictions to applications may be an incentive
· Point 3:but provides different options- improve soil quality and if maneur used as fertilizer properly may be better for the environment- so if one wanted to have increased adoption of this mixed farm model things to achieve that would be increasing chemical fertilizer costs or if there were restrictions to chemical fertilizers so then again may be an incentive to adopting this mixed farm model)

Terracing on Slopes and erosion
· Farming on slopes picture 
· So terracing slopes can help prevent runoff of water and soil erosion

Sustainable Animal Farming
· Perennial forage crops decrease erosion (if not overgrazed)
· Dense root systems serve as filters to remove water contaminants
· Deep root systems improve water and air movement and may enhance rooting of subsequent crops.
· Organic components of grazing animal waste can increase soil quality
· Yeilds of subsequent plant crops may improve

Sustainable water use
· Water for the fields – cuba
· Crop selection in India

Sustainability: Genetically Modified Foods

[image: ]Biotechnology more precise- desired gene can be picked out on its own and placed into recipient plant
-in traditional plant breeding- only specific types could be bred, while with biotechnology we can take any gene from anywhere

Potential goals of genetic modification
· Increased shelf life
· Nutrient Composition
· Biofortification – golden rice (greater vit A content)
· Herbicide resistance – soybeans
· Plant pesticides
· Genetic modification has decreased US pesticide use

How prevalent is genetic modification of foods?
· 2008
· 30 GM crops on 300 million acres in 25 countries
· By 2015 expected to be greater than 120 crops

Plant Pesticide Example
· Corn and cotton engineered to produce proteins from the soil bacteria Bacillus thuringiensis (Bt) that kill some caterpillar and beetle pests.  
· Since 1996; now > 50 mil ha
· Little or no harm to non-target organisms
· Helpful for pests that bore into plant
· 8% reduction in insecticide use in US
· $$
· Environment
· Biodiversity
· Refuges and resistance

Produced in every cell of the plant instead of only being on the surface- BT 
-thought to be beneficial because there are specific pests that are succeptable to this protein- thought to have little effect on other organisms
-for worms that go right into the plant, also better because still exposed and killed by BT toxin
BT cotton and BT corn- 8% reduction in sprayed insecticide use
	-may have an impact on biodiversity because if eveyrone is choosing to use these plants-> may lead to distinction of other plants because they are not being used
-pesticide resistant pests will survive and pass on the trait- so you may have to switch pesticides and potentially move to more toxic pesticides
-one of the things that’s being done to decrease the rate resistance develops is to plant refuges of corn and cotton that don’t have this BT producing gene (areas with “vulnerable corn”- so that it provides an area for pests who are not resistant to thrive)- creating a stock of pests that will still be maintaining succeptable to the pesticide (they won’t die off because we are providing them with a little area)

Plant Herbicide Example
· Glycophosphate – Round-up
· Blocks and enzyme that is required for plant, but not animal production of tryptophan
· Low toxicity
· Plants have been engineered to be resistant to glycophosphate
· Advantage to ‘conventional’ growers
· Displaces use of more toxic chemicals
· Allows low till and no till agriculture
· Genetically modified to be resistant to Glycophosphate- weeds not genetically modified will die when sprayed with this
· Low toxicity- does compared to other herbacides and so planting plants that are then resistant to the herbicides holds an advantage

GMO – possibilities related to sustainability
· Vitamin a enhanced rice
· Plants with salt tolerance
· Plants that are drought/flood resistant
· Increase shelf life
· Increase yield sparing land and carbon emissions 

Regulation of GM foods
· CFIA
· Assesses environmental impact
· Will plant cross-breed with a weed?
· Field testing
· Health Canada must provide approval before a food can enter food supply
· GM foods classified as foods with novel traits (this category also includes plants bred traditionally that do not have a history of safe use as food)
· Safety based on characteristics of food, not method of production
· New or increased allergenic risk? Increased toxin level? New substance not currently in food supply? Nutritional differences?  

GMO – Pros and Cons
[image: ]
Cons: decreases robustness of overall earth to environment (ie. Is disastor occurs some species will be more vulnerable and die out but others will still be around and survive)


Potential GM issues continued
· Superbugs - Bugs that are resistant to a particular pesticide (produced from a GM plant or sprayed) will be more successful
· Superweeds - GM plants survive better than others outside of the field? Cross-breed with nearby weeds?  Depends on species similarity and advantage conferred
· biodiversity- preferred crops – either engineered or not could limit biodiversity

Biodiversity

Preserving biodiversity – The GLOBAL SEED VAULT
· Picture of the entrance to the vault- the entrace of the Global Seed Vaukt- ip in the mountains, international effort- the seeds- peas from Nigeria, corn from Mexico- reside in this glazed 
· mILLIOns of seeds stored here
· -made to withstand bomb blasts and earthquakes- seeds will be preserved, temperature controlled 
· -international effort in terms of who funds this vault
· Global effort to maintain biodiversity

Sustainability and Aquaculture
· We don’t only grow crops but we also take food from the sea- sustainability of food we get from our waterways as well
· Some ways motivated just by economics
· Can be done to improve sustainability- cultivating fish within a penned in area within an existing waterway- fed and taken care of and used for human consumption
· -global production by region 
· -ASIA dominating the market- have been doing it the longest

What can YOU do?
· Food choices
· Recycling container
· Dishes, cutlery, storage and clean-up
· Being aware of water use and chemicals used to clean your dishes
· Gardening and composting


Lecture 11 – Hunger

Food Insecurity
· Food Insecurity- A situation in which people lack adequate physical, social or economic access to sufficient, safe, nutritious food that meets their dietary needs and food preferences for an active and healthy life
3 million Canadians experience food insecurity

Food Insecurity in Isolated Northern Communities
· Shift towards dependence on store bought food
· Lack of year round road access necessitates air transport and increases cost
· Available food may be of poor quality, particularly for perishable items
· Difficult to ship parishable items to northern canada = decreased availability and INCREASED COST
[image: ]

Combating food insecurity/hunger
· Food assistance programs
· Meals on Wheels
· Canada’s Prenatal Nutrition Program (CPNP)
· Canadian income supports
· Charitable organizations
· Estimated that more than 865 000 Canadians visited a food bank in March 2010  (HungerCount survey, conducted by Food Banks Canada)
· Sustainable solutions?
· Fix the root of problem? Or just band-aid

· Food Recovery Programs/ strategies
· Field gleaning – FARM food deemed waste (not good enough to sell can be looked over)
· Perishable food rescue or salvage
· Prepared food rescue – take foods left over from restaurants/bakeries, and bringing them to food banks, etc.
· Non perishable food collection

Kingston food bank facts
· About 789 people came as new clients in 2009. 
· Almost six thousand (6000) unique individuals use the food bank every year; almost half are children under age 18.
· 30% of Food Bank users are single parents.
·  On average, Partners in Mission Food Bank helps 800 households a month. 
· Approximately 22,000 lbs. of food is donated on a regular basis to area soup kitchens, shelters and hot meal programs.

The loving spoonful
· Reclaims food and delivers to local emergency food providers
· Shelters
· Hot meal programs
[image: ]
World Hunger: Causes
Causes: 
· Unrest 
· Political turbulence
· Armed conflicts
· Natural disasters
· Overpopulation for resources
· Poverty

Malnutrition
· Iron
· Iodine
· Vitamin A
· Protein

Iron Deficiency
· 2 billion people have iron deficiency anemia
· Maternal deaths
· Premature births
· Low birth weight (^ health risk)
· Decreased physical and  mental productivity

[image: ]Iodine Deficiency
· 1.9 billion globally have inadequate intake
· Increases risk of Stillbirths
· Irreversible mental handicaps in 37 million each year
· In Canada and the US salt is fortified with iodine (iodized salt) and iodine deficiency is very rare
· Iodine is primarily stored in the thyroid gland due to its key role in thyroid hormone production

[image: ]Vitamin A deficiency
· More than 250 million children
· Blindness – 250 000 – 500 000 children go blind each year
· Impaired growth
· Poor resistance to infections (e.g. measles) 
· Maintaining mucus membranes (nose, lungs, stomache) – mucus encapsulates the pathogens and they can be removed from our system

Vitamin A
· Retinoids and carotenoids in the diet are bound to proteins and must be released by protein digesting enzymes to be absorbed
· In the small intestine released retionol and carotenoids are incorporated into micelles for absorption.  
· Preformed vitamin A is more readily absorbed than provitamin carotenoids
· More than from plants! ??
· Once absorbed carotenoids are converted to retinoids
· PLANT-BASED DIET leads to higher risk for vitamin A deficiency !! Limited bio-availability in plant based foods
· Absorbed vitamin A is transported from the intestine in chylomicrons and delivered to body tissues
· Ability to see in the darkness – vitamin A contributes to vision
· -- light hits retina at back of eye, encountering RHODOPSIN (formed by opsin and retinal complex) – light hits and stimulates the retinal to switch from cis to trans formation, TRIGGERS NERVE SIGNAL TO BRAIN … see light
· -- after, dissociation of retinal and opsin, some RETINAL is LOST from the cycle – with adequate vitamin A stuatus, it REPLACES retinal easily
· [image: ch09.05]-- low vitamin A status makes it HARDER TO replenish rhodopsin complement = delayed perception of light after flashes of light AKA poor night vision!!














Vitamin A and Maintenance of Epithelial Tissue
· Lines internal cavities and tubes
· In Vit A deficiency epithelial cells differentiate abnormally because vit A is not available to turn on or turn off the production of specific proteins
· Mucus secreting epithelial cells die (nose, eyes).  New replacements cells may differentiate improperly to keratin secreting cells
· Keratinization
· Membranes become hard and dry, and therfore less resistant to INFECTION

Vitamin A – Keratinization of the eye












[image: ]Protein Energy Malnutrition
· Deprivation of protein, energy or both
· ¼ children world wide
· Acute PEM- underweight for height
· Chronic PEM- short for age
· Impaired immunity leading to infections
· Most prevalent in Africa, Central America, South America and east and Southeast Asia.

Maramus
· From Greek word “dying away”
· Chronic PEM – protein energy malnutrition
· Inadequate energy and protein
· Devastating in growth period (infants and children)
· Digestion and absorption also impaired

Kwashiorkor
· Ghanaian word referring to birth order and used to describe the illness a child develops when the next child is born
· 18 months -2 yrs – post breast feeding switch to low protein cereal diet (calories may be adequate)
· Fatty liver and low liver enzyme levels
· Edema of limbs and abdomen
· Impaired immunity
· Impaired absorption

Cycle of Malnutrition
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Results of Poverty, meals and academic achievement
· Those in the most poor group consumed fewer meals than those in the poor and less poor groups 
· Poverty contributes to meal intake
· Those in the most poor group performed worse academically than those in the poor and less poor groups
· Achievement was significantly associated with consumption of breakfast and a midday meal
Conclusion
· “Simply alleviating this hunger in schoolchildren through school feeding may help buffer the effects of the recurrent famine, and assist the children in taking full advantage of the education offered to them”
· “The definite link observed between regular meals and children's academic achievement suggests a need for policy-makers to re-consider the issue of school feeding, especially in the rural areas and among the ‘most poor’ households.”
· Institutionally providing meals might allow children to make the most advantage of their educational environment

Nutrition Transition
[image: ]
· Behavioural – not making the most healthy choices in our diet – this happens simultaneously in some underdeveloped countries – dual-problem households where over and under nutrition are occuring 

Opposing nutrition issues
· Worldwide, about the same number of people are overweight/obese as undernourished

Combating world hunger
· Short term emergency aid
· Prevent starving, not a long term solution for future hunger
· Long term solution must balance the number of people with sustainable food production
· Controlling population growth – education
· Agricultural technology to increase production
· International trade
· Sustainable agriculture
· Elimination of poverty
· Nutritional adequacy – not just the amount of food
· Biotechnology, fortification, supplementation
· Education
· Adequacy – culturally appropriate, nutritionally appropriate… 

Final Exam
· ~150 questions
· Multiple choice
· Multiple choice Answer sheets (same as midterm)
· Cumulative – all lectures and readings
CULMULATIVE – 
· Three hour duration – 
· ---- if performance on final is BETTER on the final, she will keep that mark INSTEAD ! SO I’MA KILL IT –
**** bring a calculator !!!!! 
* Focus of material is on everything!!! In case this IS OUR MARK ! Reps all equally 
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