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Diet is an important factor in gastrointestinal health. A synbiotic food option 

utilizing prebiotic and probiotic ingredients may be beneficial for improving 

gastrointestinal health. To conduct a human subject study of synbiotic ice cream 

containing prebiotic (inulin) and two strains of probiotics (Lactobacillus casei KE99 and 

Bifidobacterium bifidum) to determine its  effectiveness as a carrier for a these 

ingredients and to identify any negative gastrointestinal side effects.  

The study started with baseline data collection including a food frequency, a three 

day food recall, and one stool sample. The study was a 12 week crossover design with 

three weeks consuming placebo or treatment ice cream then a three week washout period. 

After, participants would switch to the other ice cream. Fecal samples were collected to 

examine bacteria level changes. Participants kept a log book during the two treatment 

periods to track gastrointestinal symptoms and record amount of ice cream consumed.  

There was a not a significant difference in amount of ice cream consumed during 

placebo and treatment periods; t(11)= 0.31, p = 0.98. Change in reported flatulence level 

was not statistically significant; t(11)= -0.82, p = 0.43. There was no significant change 

in number of stools per day between treatment and control; t(11)= -2.09, p = 0.06. 

Change in Bristol scale values during placebo and treatment was not statistically 



 

 

 

 

significant; t(11)= -0.71, p = 0.49.There was not significant difference in the 

Bifidobacterium bifido values during treatment (M=47.13, SD=103.22) and control 

(M=24.11, SD=80.29); t(12)= 1.72, p = 0.11. Synbiotic ice cream could be an effective 

carrier for probiotics and prebiotics. Consumption did not cause an increase in 

gastrointestinal symptoms. The results of the bacteria level change were not significant. 

Further research is needed. 
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Gastrointestinal Health 

Gastrointestinal health is a very important part of overall health and can impact 

quality of life. In the United States colon cancer is the third most common cancer, and the 

risk of developing colon cancer is about one in 20, with nearly 50,000 deaths from colon 

cancer in the last year (1, 2). Approximately 22% of the population have chronic 

constipation, 5.6% have irritable bowel syndrome and over 2.2 million Americans have 

been diagnosed with diverticular diseases. As many as one in 10 Americans over the age 

of 40 have diverticulosis (3, 4). The health of the gastrointestinal tract is affected by 

many factors. These include pH, competition for nutrients, host conditions, metabolic 

interactions among bacteria and individual dietary intakes (5). Several of these factors are 

hard to influence with outside treatments that are non-invasive, and it is difficult to 

measure their effect. The main area that can be impacted with simple treatment is dietary 

intake. Two main categories have been reported in research literature and have measured 

the ability they have to improve gastrointestinal health. These are the consumption of 

prebiotic food ingredients, sometimes called functional foods (e.g. fructooligofructoses) 

and probiotic microorganisms such as Lactobacillus and Bifidobacterium). 

Gastrointestinal Tract and the Gut Microbiota 

The human gastrointestinal (GI) tract contains over 1014 microbial cells with more 

than 1,000 different bacterial type (6). At birth, the GI tract is sterile. The GI tract is 

initially colonized by facultative anaerobic bacteria. After these anaerobic bacteria 

remove any trace of oxygen from the environment colonizing bacteria are determined by 

the infant’s food sources. Breastfed infants receive a wide array of microbiota from their 

mothers including strains of Bifidobacterium (7). Once at adulthood most bacteria in the 
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guy are non-sporing anaerobes including Bifidobacterium spp. and Lactobacillus spp. 

These microorganisms through fermentation break down substrates from diet such as 

dietary fibers and endogenous secretions. Bacteria strains have differing metabolic 

activities and fermentation end products which result in them being categorized as either 

beneficial or potentially pathogenic. The benefits from having the good bacteria strains 

are many. These benefits include: preventing GI tract disorders (including irritable bowel 

disease), preventing metabolic syndrome, improving immune response, decreasing 

lactose intolerance, reducing risk of getting antibiotic-associated diarrhea (especially 

when caused by Clostridium difficile), and potentially decreasing risk of colon cancer (6, 

8, 9). The type and diversity of the microbiota in GI tract is also an environmental factor 

in obesity and the imbalance of the microbiota contribute to liver disease (8).  

Probiotics 

 Research related to the gut microbiota has focused mainly on how it can be 

improved through the addition of more of the beneficial bacteria. Supplements or foods 

that contain these microorganisms are called probiotics. Probiotics are defined as live 

microorganisms that confer a health benefit on the host when administered in adequate 

amounts (9-11). Probiotic supplements can be found in a variety of forms including: pill, 

powder, capsule, gummy, and chewable. Probiotics are also found naturally in certain 

foods, or can be added to foods.   

Taking probiotics can improve the immune response in several ways. Certain 

probiotics work by inhibiting adhesion and displacing pathogens for instance, Esherichia 

coli, Staphylococcus aureus, and Clostridium difficile which decreases risk of illness 

(12).  Studies have shown that taking probiotics during antibiotic treatment can be 



11 

 

 

 

beneficial to maintaining healthy gut microbiome and decreasing the risk of experiencing 

antibiotic-associated diarrhea (13). Probiotics supplements of Lactobacillus casei, 

Lactobacillus reuteri, or Bifidobacterium animalis BB12 can be used when a patient 

already has acute diarrhea to decrease duration of the illness. Probiotics can be used to as 

treatment for someone with irritable bowel disease, ulcerative colitis, Crohn’s disease and 

other GI disorders. Finally, probiotic usage has been linked to a decrease in serum 

cholesterol. Due to the benefits that probiotics have on overall health, consuming 

probiotics is a good choice when trying to improve overall health.  

Research has been done analyzing probiotic supplements and food products for 

bacterial content and label accuracy. The results of these studies showed that many 

products have labels that are inaccurate with respect to the number of bacteria species and 

type of bacteria species. A few examined products did not contain the bacteria species 

listed, and some contained the same strain but were named differently. Some of these 

studies reported supplements that did not contain viable bacteria (14-18). The safety and 

functionality of these products is impacted by the label accuracy and as such it is 

important to correctly identify not only the species but the strain of bacteria used (14).  

Bifidobacterium 

 Bifidobacterium bifidum is a bacterial species of the bifidobacterium genus and is 

one of the most common probiotic bacteria. This helpful bacteria can be found in 

mammals, including humans. It is a gram-positive rod shaped bacteria that is non-motile, 

anaerobic, and non-spore forming. It can be found living in clusters, pairs, or single units. 

The majority of B.bifidum population is found in the colon and lower small intestine, but 

it can also be found in breast milk and in the vagina. B.bifidum as part of the 
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gastrointestinal microflora helps the GI tract function better and reduces the chances of 

acute diarrhea and can help E.coli infections. Increasing the quantity of B.bifidum in the 

body can help boost immune function by decreasing the symptom severity and length of 

time a person is infected with the common cold (10). This bacteria works in the GI tract 

by breaking down both long and short chain simple sugars. Increasing B.bifidum in the GI 

tract can be achieved in a few ways. This bacteria can be transmitted through breast milk 

from the mother to the infant or it can be consumed in probiotic foods and supplements to 

help improve B.bifidum counts within the gut microbiota.  

In vitro studies demonstrated that fermentation and growth rates of bifidobacteria 

increase when short chain oligofructose is the carbon source and that the chain length 

affects the microflora composition and activity (19-22). Numerous human studies have 

been conducted that demonstrate the effect of consumption of bifidobacteria on 

increasing the colonic bifidobactera and subsequent return to baseline within days of 

discontinued consumption of bifidobateria (23-25).  

Lactobacillus 

 Lactobacillus paracasei subspecies paracasei is a heterofermentative lactic acid 

bacteria. Like Bifidobacterium, it is also a gram-positive rod shaped bacteria. This 

bacteria is commonly used in dairy product fermentation as well as probiotic 

supplements. Like Bifidobacterium, it is found in the human GI tract and found in the 

mouth. It is frequently used in commercial probiotic supplements or probiotic food 

products because it survives transit through the gastrointestinal tract well and retains 

functionality and viability well, especially in food products (26). L.Paracasei subs. 
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Paracasei is a beneficial bacteria that is desirable to have as part of the human gut 

microbiota.  

Prebiotics 

Numerous studies have focused on prebiotic ingredients as functional foods and 

how they impart a positive impact on the health of the gastrointestinal tract (9, 27-29). 

Prebiotics are defined as non-digestable food ingredients that positively affect the host by 

selectively stimulating the growth and/or activity of beneficial bacterial species (such as 

Bifidobacterium and Lactobacillus) in the colon, and thus improve host health (30). Non-

digestable fructooligofructoses are prebiotic ingredients that have been shown to have 

positive effect on host health, reducing the risk of gastrointestinal diseases such as 

diverticulosis, diverticulitis and colon cancer (31-34). Consuming prebiotics does come 

with a risk of certain side effects. The side effects from consuming prebiotics can result 

in a higher level of flatulence and possible constipation and/or diarrhea. These side 

effects usually last a short period of time while the body adjusts to the ingredient. Side 

effects can vary depending on the type of prebiotic (27).  

Fructooligofructoses are categorized by their degree of polymerization. 

Fructooligofructoses that have a degree of polymerization from 2-10 are named 

oligofructose (22, 35). Inulin is a generic term that covers all β (1←2) linear molecules 

with a degree of polymerization (DP) varying from 2 to ~60 units (22, 25). Inulin, as a 

type of fructooligofructose, acts as a growth substrate for gut microflora. The bacteria 

that ferment the inulin gain the energy needed to grow and multiply (21, 33, 35). One 

study found that inulin-type fructans with a longer DP have a better prebiotic effect. This 

included inulin having a higher butyrate and propionate production and better stimulation 
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of lactic acid-producing bacteria (such as Lactobacillus and Bifidobacterium) (36). 

Fructooligofructoses are digested by certain types of bacteria including Bifidobacterium 

and Lactobacillus. When Bifidobacteria is the predominant bacteria in the gut, such as 

the case when fructooligofructoses are ingested in the adequate amounts, the number of 

pathogenic bacteria such as E. coli and Clostridia are decreased by competitive inhibition 

(22, 25, 32). 

Bacteria ferment different varieties of fructooligofructoses at different speeds 

(21). This variation is due mainly to the difference in chain lengths as the shorter chain 

lengths can be broken down more quickly and the longer chains require a longer time. 

This variation in speed may also be correlated to location of fermentation, with longer 

chains being broken down in the more distal regions of the colon at a slower rate. These 

longer chains due to the slower rate and more distal location could lead to less side 

effects including less flatulence. A beneficial dose of 20g per day has been shown to be 

effective in producing an increase in bifidobacteria, although considerable individual 

variation existed (33).  

Mixed findings have been reported for the consumption of inulin or oligofructoses 

(33, 37-39). Results depend on the amount and type of fructooligofructose consumed, 

length of time consumed, and wash out periods between treatments. Side effects 

(abdominal pain, distention, flatulence, constipation or diarrhea) were dependent on these 

same factors. Kruse, et al. concluded that long term inulin supplementation was useful 

and can positively change bifidobacteria without major gastrointestinal discomfort (39). 

A project conducted by Dr. Hutkins at University of Nebraska - Lincoln focuses 

on assessing and enhancing stability of prebiotics in foods.  In this project, the focus is on 
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stability of oligosaccharides in food process; specifically heat processing (baking, 

pasteurization and extrusion) (40).   

A study was initiated by Mendlick to determine the effect of fructooligofructoses 

of different chain lengths on gastrointestinal parameters (41, 42). Nineteen healthy 

subjects aged 20-57 years old took part in a ten-week cross-over designed study. Subjects 

consumed either inulin or oligofructose for three weeks followed by a two-week washout 

period between treatments. Stool samples were collected five times (baseline, two 

treatments, two washout) and analyzed for bifidobacteria. Daily records were kept for 

stool frequency, stool consistency and flatulence frequency. Bifidobacteria counts 

(CFU/ml) were higher (trending toward significance) during inulin and oligofructose 

intakes and washout periods than baseline counts. Inulin and oligofructose treatment 

periods had a significant effect on stool consistency (watery/very hard) and flatulence 

frequency, but not stool frequency, when compared to baseline (P<0.05). Further research 

is needed to confirm these results due to small sample size and the need for a longer 

washout period between treatments. 

A recent study was conducted to determine what effect inulin has on pre-diabetics 

with regard to weight management and ectopic fat. It was an 18-week study broken into a 

nine week weight loss phase and nine week weight maintenance phase. Their findings 

showed that the inulin had two effects on diabetes risk. These effects were promoting 

weight loss and reducing intrahepatocellular and intremyocellular lipids in the subjects 

with prediabetes (43). This study illustrates that inulin could be beneficial for more than 

just improving gut microflora.  
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Synbiotics 

Research has been conducted to examine what happens when probiotic bacteria 

and prebiotics are supplemented together. These supplements and foods are categorized 

as synbiotic since the probiotics and prebiotics work together synergistically to improve 

gastrointestinal health (9). A study of similar design to Mendlick’s study was conducted 

to determine the microbiological effects of consuming a synbiotic containing 

Bifidobacterium bifidum, bifidobacterium lactis, and oligofructose in capsule form with 

elderly persons (41, 42, 44). The study was a double-blind randomized controlled trial 

with 18 participants and lasted for eight weeks consisting of three phases: a prefeeding 

period (1 week), the feeding period (4 weeks), and a postfeeding/washout period (3 

weeks). During the feeding phase, the synbiotic group received supplements of six g of 

Raftilose Synergy1™ (combination of inulin and oligofructose) and a gelatin capsule 

containing 100 mg of a Freeze-dried probiotic containing ∼3.5 × 1010 CFU each of B. 

bifidum strain BB-02 and B. lactis BL-01 (Rhodia). The placebo group received six g of 

maltooligosaccharides. All capsules were taken with a cold drink two times a day after 

meals. Fecal samples from weeks 1, 3, 4, 5, 6, and 8 were collected and analyzed. 

Throughout the feeding period both bifidobacteria species were detected in fecal samples 

from all subjects in the synbiotic group. Of these, at least one species remained detectable 

in fecal samples three weeks after feeding in subjects that had none of these species 

present during the control week. The results indicated that synbiotic consumption 

increased the size and diversity of protective fecal bifidobacterial populations, which are 

often reduced in older people. This study had a slightly longer washout period than the 

previous, and had positive results.  
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A study using yogurt by Palaria, et al. had a similar design. It was divided into 

five consecutive periods: a pre-feeding period (1 week), a feeding period (3 weeks), a 

washout period (4 weeks), a second feeding period (3 weeks), and a final washout period 

(4 weeks) (45). Fecal samples were collected at the start and at the end of the first week. 

During the first feeding period, the subjects daily consumed either 94 g of placebo, which 

consisted of milk acidified to pH 4.2 with lactic acid, or 94 g of a drinkable yogurt 

containing 109 to 1010 CFU of strain B. animalis subsp. lactis Bb-12 and 1 g of inulin per 

serving. The yogurt was prepared with skim milk and a standard yogurt starter blend 

consisting of Streptococcus thermophilus and Lactobacillus bulgaricus, together with 

the B. animalis subsp. lactis Bb-12 culture and had a final pH of 4.2. Fecal samples were 

collected at the end of each of the three (3) weeks. The subjects consumed neither the 

yogurt nor the placebo during the subsequent washout period. Single fecal samples were 

collected at the end of every two (2) weeks. A live/dead PCR procedure indicated that the 

Bb-12 microorganism was detected in the fecal samples was alive. A significant increase 

(P < 0.001) in the total bifidobacterial numbers was observed in both groups of subjects 

during the final washout period compared to the prefeeding period. This increase in total 

bifidobacteria corresponded with a significant decrease (P < 0.05) in numbers of 

clostridia but not enterobacteria.  

Prebiotic, Probiotic and Synbiotic Ice Cream  

Many studies have been conducted to determine if ice cream would be an 

effective carrier for prebiotics, probiotics, or synbiotics. These studies were conducted 

mostly to determine the palatability or sensory acceptability of these products as well as 

their ability to keep the bacteria viable (41, 46).  
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The Wood and Lum and Albrecht project objective was to determine consumer 

acceptability of ice cream with prebiotic ingredients. A commercial ice cream mix was 

made substituting 0%, 10%, 20%, or 30% of the sugar for either Fructooligosaccharides 

(FOS) or inulin. Participants rated the synbiotic ice cream for its sensory attributes of 

sweetness, smoothness, and vanilla flavor (47, 48). When 10% and 20% inulin ice cream 

were compared to the control (0%), no significant differences in sweetness, smoothness, 

vanilla flavor or overall acceptability were found (P < 0.05). The 30% inulin ice cream 

was significantly less sweet than the control and 10% and 20% inulin ice cream. The 30% 

inulin was less smooth and had less vanilla flavor than the control, and was less 

acceptable than both the control and the 10% inulin ice cream (P < 0.05). For 10% and 

20% FOS ice cream, no significant differences were found in sweetness, smoothness, 

vanilla flavor or overall acceptability compared to the control (P < 0.05). These results 

suggest that FOS and inulin may be acceptable ingredients in ice cream when substituted 

up to 20% of the sugar. 

 A few studies examined the use of just probiotics in ice cream to determine if it 

would be a viable probiotic carrier. The strains used in the first study 

included:  Lactobacillus acidophilus, Bifidobacterium bifidum. Sensory results were 

positive but the bacteria counts decreased throughout the 90-day storage, however did 

maintain their probiotic qualities (49). The second study illustrated that ice cream is not 

good at maintaining the viability of the bacteria. However, if the ice cream is made with a 

prebiotic such as FOS or inulin, these ingredients help to maintain the viability of the 

bacteria (50). In both studies, the ice cream was made by inoculating some of the milk 

and then adding it after cooling down the rest of the ingredients. Cruz and colleagues 
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reviewed the potential for ice cream to be a probiotic food carrier. Two studies with 

probiotics in ice cream reported that the bacteria survived the freezing process (51).  Only 

one study could be found where they actually tested a probiotic ice cream formula in a 

human trial to determine its effects. This study examined the impact of probiotic ice 

cream consumption on levels of Salivary Mutans Streptococci (SMS) during and after the 

trial. They found that the levels of the SMS decreased during treatment, but by six 

months post treatment, the SMS levels were similar to baseline (52). 

Several studies could be found which examined the effectiveness of prebiotics 

and probiotics used together synbiotically. One study examined the differences between 

prebiotic, probiotic and synbiotic ice cream. Their probiotic ice cream contained two 

Lactobacillus species (L. rhamnosus and L. casei). These were used independently within 

fruit or vanilla flavored ice cream. Inulin (2.5%, 5% or 10%) replaced part of the 

stabilizer for the prebiotic ice cream and the synbiotic ice cream used either 3 or 6% 

inulin with either of the probiotic organisms. All ice cream samples were effective at 

maintaining probiotic function (46).  

Two UCARE students (Lim and Mills) examined the sensory characteristics of a 

synbiotic ice cream in which 10 %, 20% or 30% of the sugar was substituted with either 

inulin or fructooligosaccharide (FOS) (53). The probiotic species, Lactobacillus casei 

KE99 (0.3g) and Bifidobacterium bifidum (0.3g), were formulated in the ice cream 

products to make a synbiotic ice cream. Both probiotics used were purchased as freeze 

dried cultures from ProbioFerm in Des Moines, Iowa (54). These probiotics were labeled 

as 100% pure and food grade. Their results reported that the 30% FOS negatively 

affected the flavor and texture. The addition of inulin did not affect the sweetness, 
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smoothness, flavor, texture, and overall acceptability of the ice cream treatments. The 

addition of the probiotics did not affect any of the sensory characteristics of the ice cream 

samples. Another UCARE student (Irby) then examined the viability of the probiotics 

during ice cream storage (55). The results of this study demonstrated that the probiotics, 

Lactobacillus casei KE99 (0.3 grams) and Bifidobacterium bifidum (0.3 grams) continued 

to be viable over a four month period (120 days), making these bacteria a good choice to 

use as a probiotic and the ice cream a good synbiotic carrier. These two strains were the 

same strains chosen for our research study.   

Recent studies examined the effectiveness of using microencapsulation (MEP) to 

determine the effect on bacteria survival within synbiotic ice cream. The results of all the 

studies have reported slower reduction in probiotic bacteria over storage time (56-59). 

The best results were reported when the MEP bacteria was incorporated into chocolate 

particles (57). Overall, all showed MEP to be an effective method for maintaining 

probiotic viability within ice cream. These studies were all published after our study 

design was set and underway. 
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CHAPTER 2 

Problem Statement 
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Based on the literature review and previous research conducted, the objectives of 

our study are to determine if there are any significant gastrointestinal side effects from 

consuming synbiotic ice cream as well as to examine how the bacteria counts change 

prior to eating the ice cream, during consumption, and post consumption. 
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Further Research 

 Based on the results and new research in publication continued research would be 

more efficacious with cultures that can be proven to be 100% pure. Future studies should 

try using microencapsulated probiotics to help the bacteria survive through the stomach. 

To have a better, the quantity of the probiotics and prebiotics added to the ice cream 

could be increased. A larger sample size would be beneficial in understanding the impact 

of the synbiotic on the participants. Lastly, instead of examining the changing level of the 

strains added, examining, the change in the overall microbiome could provide a clearer 

image of the impact this product has on imparting health benefits on the consumer. 
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Appendix 8. 

 

Weekly schedule for study with fecal collection days highlighted in blue.  

Phase  Day of Study   

Prefeeding             0 

Feeding 

1 2 3 4 5 6 7 

8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

Washout 

22 23 24 25 26 27 28 

29 30 31 32 33 34 35 

36 37 38 39 40 41 42 

Feeding 

43 44 45 46 47 48 49 

50 51 52 53 54 55 56 

57 58 59 60 61 62 63 

Washout 

64 65 66 67 68 69 70 

71 72 73 74 75 76 77 

78 79 80 81 82 83 84 
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Appendix 9. USDA supertracker example section from multi-day report 

 

Nutrients Report  

Your plan is based on a default 2000 Calorie allowance. 

Nutrients Target Average Eaten Status 

Total Calories 2000 Calories 1712 Calories OK 

Protein (g)*** 46 g 79 g OK 

Protein (% Calories)*** 10 - 35% Calories 19% Calories OK 

Carbohydrate (g)*** 130 g 228 g OK 

Carbohydrate (% 

Calories)*** 

45 - 65% Calories 53% Calories OK 

Dietary Fiber 25 g 24 g Under 

Total Sugars No Daily Target or Limit 64 g No Daily Target 

or Limit 

Added Sugars No Daily Target or Limit 15 g No Daily Target 

or Limit 

Total Fat 20 - 35% Calories 30% Calories OK 

Saturated Fat < 10% Calories 7% Calories OK 

Polyunsaturated Fat No Daily Target or Limit 7% Calories No Daily Target 

or Limit 

Monounsaturated Fat No Daily Target or Limit 13% Calories No Daily Target 

or Limit 

Linoleic Acid (g)*** 12 g 12 g OK 

Linoleic Acid (% 

Calories)*** 

5 - 10% Calories 6% Calories OK 

α-Linolenic Acid (% 

Calories)*** 

0.6 - 1.2% Calories 0.3% Calories Under 

α-Linolenic Acid (g)*** 1.1 g 0.6 g Under 

Omega 3 - EPA No Daily Target or Limit 9 mg No Daily Target 

or Limit 

Omega 3 - DHA No Daily Target or Limit 34 mg No Daily Target 

or Limit 

Cholesterol < 300 mg 171 mg OK 
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Appendix 10. example page section from daily SuperTracker 
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Appendix 11 

 

Sequences for primers used: 

Forward: 5’-GAG TGT ACC TTT CGA ATA AGC-3’ 

Reverse: 5’-CCC TTT ACG AAT AAA TC-3’ 
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Appendix 12 dissociation curve results for 16s set 1 example image with boxed part 

being one of the samples that was thrown out for inaccuracy.  

 

 


