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Abstract

Objective—Many things can impact the reproducibility of results from laboratory to laboratory. 

For example food from various sources can vary markedly in composition. We examined the 

effects of two different food sources, the Teklad Global Soy Protein-Free Extruded Rodent Diet 

(irradiated diet) and the Teklad Sterilizable Rodent Diet (autoclaved diet), on central nervous 

system disease.

Research Methods & Procedures—Three preclinical models for human disease: two 

different experimental autoimmune encephalomyelitis (EAE) models (multiple sclerosis) and the 

Theiler’s murine encephalomyelitis virus (TMEV)-induced seizure model (epilepsy), were 

examined for the effects of two different food sources on disease.

Results—We found that mice fed the irradiated diet had more severe clinical disease and 

enhanced seizures compared to animals provided the autoclaved diet in both EAE models 

examined and in the TMEV-induced seizure model, respectively.

Conslusions—Therefore, just altering the source of food (lab chow) can have marked effects on 

disease severity and outcome.
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Introduction

The effects of food and nutrition on the initiation and pathogenesis of neurological diseases 

of the CNS have not been extensively examined. Such variables likely contribute to 

differences observed among laboratories using similar preclinical models of human disease. 
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Here we examine the effects of two different food sources on TMEV-induced seizures and 

two different EAE models.

TMEV, a non-enveloped, positive-sense, single-stranded RNA picornavirus, is a naturally 

occurring enteric pathogen of the mouse [1,2]. I.c. infection of C57BL/6 mice with the DA 

strain of TMEV induces acute behavioral seizures in about 50–80% of the mice [3,4]. The 

seizures occur at a frequency of one per mouse per 2 hour observation period and typically 

last 1–2 minutes [3,5]. Seizures start on day 3 p.i., peak on day 6 p.i. and resolve by day 10 

p.i. The severity of the seizures are typically observed to be a Racine scale seizure score 3 

(forelimb clonus) and above (score 4, rearing; score 5, rearing and falling) [3,6]. Following a 

latent period many of these animals go on to develop epilepsy [7]. The TMEV-induced 

seizure model is a new animal model [3] that is currently being examined by just a few labs 

[8–11]. Therefore, lab-to-lab variability has not been examined. However, we noticed 

variability in seizure susceptibility upon change of animal facilities in conjunction with a 

change in diet.

EAE is a commonly used animal model of MS (reviewed in [12]). EAE can be induced in 

SJL/J or C57BL/6 mice through inoculation with CNS myelin peptides, from PLP or MOG, 

emulsified in CFA. The clinical course of EAE varies depending on the particular myelin 

peptide and strain of mouse (reviewed in [12]). Weight loss, ataxia, incontinence and flaccid 

or spastic hind limb paralysis are common clinical signs of EAE [13]. Researchers have 

notice that variability in day of onset, severity and incidence of EAE can occur within an 

experimental group, from experiment to experiment, and from lab to lab even when using 

the same peptide and reagents in genetically identical mice [14–16]. The reasons for the 

variability are unknown, but differences in diet may be one factor accounting for some of the 

lab-to-lab variability.

We performed a TMEV-induced seizure experiment and two EAE experiments, where 

disease was induced with peptides from either PLP or MOG, to examine the effects of two 

different food sources, the Teklad Global Soy Protein-Free Extruded Rodent Diet (irradiated 

diet) and the Teklad Sterilizable Rodent Diet (autoclaved diet), on CNS disease.

Methods

Animals

Four-week-old, male C57BL/6 and female SJL/J mice were obtained from the Jackson 

Laboratory. All animal experiments were reviewed and approved by the University of Utah 

Institutional Animal Care and Use Committee and conducted in accordance with the 

guidelines prepared by the Committee on Care and Use of Laboratory Animals, Institute of 

Laboratory Animals Resources, National Research Council. Animals were maintained on a 

12 hour light/12 hour dark cycle at 72°F. All efforts were made to minimize suffering. For 

each of the three experiments, mice were randomly divided into two groups: one received 

Teklad Global Soy Protein-Free Extruded Rodent Diet (irradiated diet) (cat. #2920X; Harlan 

Laboratories) and the other received Teklad Sterilizable Rodent Diet (autoclaved diet) (cat. 

#8656; Harlan Laboratories). Food and water was available ad libitum. A comparison of the 

nutrient composition of the two varieties of food is given in Table 1. One physical difference 
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between the two types of food is that the irradiated diet is extruded whereas the autoclaved 

diet is a pellet.

TMEV infection

C57BL/6 mice were anesthetized with isoflurane by inhalation and infected i.c. with 3 × 

10 5 pfu of the DA strain of TMEV at a final volume of 20 µl per mouse. TMEV was 

propagated as described [17].

Seizure scoring

DA-infected C57BL/6 mice were weighed and monitored daily for seizures through day 21 

p.i. The monitoring of seizure activity was performed as described [18]. Briefly, mice were 

observed for 2 hours each day. Seizure activity was graded using the Racine scale: stage 1, 

mouth and facial movements; stage 2, head nodding; stage 3, forelimb clonus; stage 4, 

rearing; stage 5, rearing and falling [6,19].

EAE induction

SJL/J mice were injected subQ in the flanks with 200 µl of 1 mM PLP139–151 peptide (DNA/

Peptide Synthesis Core Facility, University of Utah) emulsified with reconstituted CFA, 

composed of Freund’s incomplete adjuvant (Pierce Biotechnology) containing 

Mycobacterium tuberculosis H37 Ra (2 mg/ml) (Difco Laboratories). Mice were i.v. injected 

with 100 µl BP toxin (List Biological Laboratories, Inc.) at 0.2 µg per mouse on days 0 and 2 

following sensitization. Mice developed a RR-EAE clinical course.

C57BL/6 mice were injected subQ in the flanks with 200 µl of 1 mM MOG35–55 peptide 

(DNA/Peptide Synthesis Core Facility) emulsified as above. Mice were injected i.v. with 100 

µl BP toxin as above. Mice developed a monophasic disease course.

EAE scoring

SJL/J mice injected with PLP139–151 and C57BL/6 mice injected with MOG35–55 were 

weighed and scored daily for clinical signs through day 48 p.s. Clinical scoring was: 0, no 

clinical disease; 1, loss of tail tonicity; 2, mild hind leg paralysis with no obvious gait 

disturbance; 3, mild leg paralysis with gait disturbance and paralysis; 4, hind limb paralysis; 

and 5, moribund or dead. If the mice were paralyzed to the point where they could not feed 

or groom themselves (moribund), or they lost 20% of their body weight, the mice were 

euthanized via inhaled anesthetic.

Histology

Mice were euthanized through an overdose of isoflurane, on day 21 p.i. for the seizure 

experiment and on day 48 p.s. for the EAE experiments, and perfused with PBS, followed by 

4% paraformaldehyde phosphate-buffered solution. For seizure mice, brains were harvested, 

divided into 5 coronal slabs, embedded in paraffin and cut into 4 µm thick tissue sections. To 

visualize neuronal loss and inflammation within the hippocampus, sections were stained 

with Luxol fast blue. Neuronal cell loss in the pyramidal cell layer of the hippocampus, from 

CA1 to CA3, was scored as follows: score 0, no damage; score 1, 10 to 29% cell loss (10 to 

29% of the pyramidal cell layer from CA1 to CA3 was missing); score 2, 30 to 59% cell 
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loss; and score 3, >60% cell loss [4,20]. An undamaged (intact) control brain was assigned a 

score of 0 with no cell loss (100% of the cells present). A score was given for each of the 

two hippocampi present in a brain, and then the scores were summed; the highest possible 

score for cell loss per brain was 6 (i.e., the sum of the highest score, 3, for each of two 

regions of the brain). PVC, comprised of infiltrating mononuclear cells, were enumerated 

over the entire brain section containing the hippocampus.

For EAE mice, spinal cords were harvested, divided into 12 transverse portions, embedded 

in paraffin and cut into 4 µm thick tissue sections. To visualize myelin, sections were stained 

with Luxol fast blue. For scoring of inflammation (PVC), meningitis and demyelination in 

spinal cord sections, each spinal cord segment was divided into four quadrants: the anterior 

and posterior funiculi, and each lateral funiculus. Any quadrant containing PVC, meningitis 

or demyelination was given a score of 1 in that pathologic class. The overall score was 

determined by giving a quadrant a score of 1 if the quadrant had any PVC, meningitis or 

demyelination within the quadrant. The total number of positive quadrants for each 

pathologic class and overall was determined, then divided by the total number of quadrants 

scored on the slide and multiplied by 100 to give the percent involvement for each 

pathologic score and overall.

Statistics

The program StatView (SAS Institute Inc.) was used for all statistical analyses performed. 

The Student’s t test was performed for pairwise comparison (clinical score, weight change). 

The Chi-Square test was utilized for nominal data (seizures: yes or no). ANOVA, followed 

by the Fisher’s PLSD post hoc test, was performed to determine group differences for 

continuous data (PVC). The unpaired two-group Mann-Whitney U test was performed for 

all nonparametric analyses (neuronal cell loss, pathology score).

Results

TMEV-induced seizures

The effects of diet on the severity and outcome of disease were compared using the TMEV-

induced seizure model. We found no significant difference in the number of mice 

experiencing seizures between DA-infected C57BL/6 mice maintained on the autoclaved 

diet compared to mice on the irradiated diet (Fig. 1). However, for mice that were 

experiencing seizures, a greater percentage of mice on the irradiated diet experienced Racine 

scale stage 5 seizures, compared to mice on the autoclaved diet (Table 2). Analysis of weight 

change in the two groups of animals, a general assessment of animal health, demonstrated 

that animals on the autoclaved diet had significantly greater weight loss for days 5–9 p.i., 

compared to animals on the irradiated diet (Fig. 2). Therefore animals on the irradiated diet 

did not display any significantly increased incidence of disease or increased weight loss in 

the seizure model; however, there was a shift to higher maximal seizure scores in these mice, 

suggesting more severe seizures.

The hippocampus of the brain has been shown to be targeted in mice that experience 

seizures [20]. Therefore, brains were examined for neuronal cell loss within the pyramidal 
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layer of the hippocampus and for the presence of PVC, an indication of inflammation. As 

expected, mice that experienced seizures had greater neuronal cell loss and more PVC 

compared to mice not experiencing seizures irrespective of the diet (Fig. 3). For neuronal 

cell loss, these differences reached significance (Fig. 3). For PVC, the only differences that 

reached significance were between mice on the irradiated diet that experienced seizures 

compared to mice not experiencing seizures irrespective of the diet (Fig. 3). There were no 

significant differences in the neuronal cell loss scores or PVC between mice that 

experienced seizures or between mice that did not experience seizures when comparing the 

autoclaved diet to the irradiated diet (Fig. 3). Therefore the animals on the irradiated diet are 

very similar to the animals on the autoclaved diet in terms of brain pathology in the seizure 

model. This was not unexpected as we previously determined that in mice that develop 

seizures, the pathologic changes in the mice are very similar [21].

PLP139–151-induced EAE

The effects of diet on disease were also compared using the SJL/J PLP139–151-induced EAE 

model. We found that the onset of disease occurred one day earlier in animals on the 

irradiated diet compared to animals on the autoclaved diet (Fig. 4). In addition the average 

clinical scores for mice on the irradiated diet were significantly higher on days 9–10, 21 and 

24 p.s. and significantly lower on day 14 p.s., compared to animals on the autoclaved diet 

(Fig. 4). The percentage of mice that were either found dead or were moribund and needed 

to be sacrificed was 2-fold greater for mice on the irradiated diet compared to mice on the 

autoclaved diet (Table 3). Also, animals on the irradiated diet had significantly greater 

weight loss on days 9–11 p.s. (Fig. 5). Additionally, although the differences did not reach 

significance for any other days, animals given the irradiated diet had greater weight loss over 

the entire time course of the experiment, compared to animals on the autoclaved diet (Fig. 

5). Therefore animals on the irradiated diet showed increased severity of disease in this EAE 

model. Despite this apparent increase in severity of disease, examination of spinal cord 

pathology: demyelination, PVC, meningitis and overall pathology, failed to demonstrate any 

significant differences between mice on the autoclaved diet and mice on the irradiated diet 

(Fig. 6). However, overall pathology was assessed at the end of the study when clinical 

disease was similar.

MOG35–55-induced EAE

Finally, the effects of diet on disease were compared using the C57BL/6 MOG35–55-induced 

EAE model. We found that the onset of disease occurred 2–3 days earlier in animals on the 

irradiated diet compared to animals on the autoclaved diet (Fig. 7). In addition the average 

clinical scores for mice given the irradiated diet were significantly higher on days 11–18, 

38–39 p.s., compared to animals fed the autoclaved diet (Fig. 7). Although the differences 

did not reach significance for any other days, animals given the irradiated diet had greater 

average clinical scores for most days of the time course, compared to animals fed the 

autoclaved diet (Fig. 7). The percentage of mice that were either found dead or were 

moribund and needed to be sacrificed was greater for the mice on the irradiated diet 

compared to the mice on the autoclaved diet; likewise, the percentage of mice that scored a 

maximum of 4 over the course of the disease was greater for the mice on the irradiated diet 

compared to the mice on the autoclaved diet (Table 3). Also, the percentage of mice that 
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scored a maximum of 1 over the course of the disease was 2-fold less for the mice on the 

irradiated diet compared to the mice on the autoclaved diet (Table 3). In terms of weight 

change, animals on the irradiated diet had a precipitous and significant loss in weight over 

days 12–16 p.s., after having had a significantly smaller loss in weight for day 5–10 p.s., 

compared to animals on the autoclaved diet (Fig. 8). Therefore animals on the irradiated diet 

showed increased severity of disease in the C57BL/6 MOG35–55-induced EAE model. 

However, similar to the other EAE model, despite this apparent increase in severity of 

disease, examination of spinal cord pathology: demyelination, PVC, meningitis and overall 

pathology, failed to demonstrate any significant differences between mice on the autoclaved 

diet and mice on the irradiated diet (Fig. 9). However, the spinal cord pathology was not 

performed until day 48 p.s. when the clinical signs were very similar.

Discussion

The lab-to-lab reproducibility of results obtained from identical experimental procedures can 

be impacted by many different factors, one of which is the composition of food. Two food 

sources, irradiated and autoclaved diet, are available to us. A comparison of the ingredients 

in these two food sources is tabulated in Table 1. The only ingredients found in both diets at 

the exact same concentrations are the minerals chloride and magnesium and the C 18:0 

stearic FA (Table 1). Of the ten macronutrients present in the two diets, they are evenly split 

with five at a higher concentration within the autoclaved diet (crude protein, crude fiber, 

neutral detergent fiber, ash, calories from protein) and five at a higher concentration within 

the irradiated diet (fat, carbohydrate, energy density, calories from fat, calories from 

carbohydrate). In the case of minerals, other than chloride and magnesium, all are present at 

a higher concentration within the autoclaved diet except iodine. Of the 18 amino acids, all 

are present at a higher concentration within the autoclaved diet except proline, leucine and 

methionine which are higher in the irradiated diet. The vitamins show the greatest difference 

in concentration of any of the ingredients and the concentration is higher within the 

autoclaved diet for all of the vitamins. For the FAs present in the two diets, other than C 18:0 

stearic, all are present at a higher concentration within the irradiated diet except C 16:0 

palmitic and total saturated FAs. Lastly, the autoclaved diet contains 50 mg/kg cholesterol, 

whereas the irradiated diet does not contain cholesterol. Any one of these differences in 

isolation or a certain combination of differences may be responsible for the effects of the 

change in diet on disease in the seizure and EAE models.

Studies examining the effects of dietary supplementation on EAE have been previously 

performed [22–26]. Dietary supplementation with C 18:2 linoleic FA was shown to suppress 

MBP-induced EAE in guinea pigs, based on clinical score, weight loss and histological 

changes in the CNS, but only when this FA was given during the time of clinical disease 

[22]. In addition, ex vivo MBP-specific reactivity of lymph node cells was reduced by 

linoleic acid supplementation [22]. In our two food sources, linoleic acid concentration is 

higher in the irradiated diet, however, the animals on the irradiated diet showed increased 

severity of disease in the two EAE models that we examined. This result is opposite to that 

found in MBP-induce EAE in guinea pigs. So either the EAE models are very different or 

other ingredients within the two diets have a greater effect on disease than any effect 

generated by the linoleic acid.
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The effects of elevated dietary trace metals, nickel and zinc, on EAE have also previously 

been examined using the syngeneic spinal cord homogenate-induced EAE model in SJL 

mice [23]. Dietary supplementation with nickel resulted in a lower incidence and a later 

onset of disease [23]. Nickel was not included in our two food sources so no comparison can 

be made with our experiments. Dietary supplementation with zinc resulted in a more 

widespread inflammatory CNS disease [23]. Zinc was included as an ingredient in our two 

food sources and its concentration was higher in the autoclaved diet (Table 1). Our 

experimental model closest to the syngeneic spinal cord homogenate-induced EAE model in 

SJL mice is the PLP139–151-induced EAE model in SJL mice. Here again we saw the 

opposite in that there was increased severity of disease with the irradiated diet (lower zinc 

concentration) compared to the autoclaved diet. Therefore, it is possible that the amount of 

zinc in both of the two food sources that we used, irradiated and autoclaved diets, was 

negligible compared to the zinc supplementation achieved in the previous study or, again, 

other ingredients within the two diets have a greater effect on disease.

Various vitamins have also been examined for their effects on EAE [24,25]. One study 

showed that vitamin D3 supplementation significantly inhibited the incidence and severity of 

MBP-induced EAE in female B10.PL mice, compared to unsupplemented female mice and 

male mice with or without supplementation, a difference thought to be due to a gender 

difference in vitamin D3 metabolism within the CNS [24]. In our study, vitamin D3 was 

present at a 2-fold higher concentration in the autoclaved diet compared to the irradiated 

diet. Also, female mice were used in the PLP139–151-induced EAE model. Consistent with 

the earlier vitamin D3 supplementation study, the female mice with PLP139–151-induced 

EAE on the autoclaved diet had less severe disease than mice on the irradiated diet. Another 

study found that a deficiency of vitamin B1 exacerbated disease, in terms of higher 

incidence, earlier onset, more severe clinical signs and weight loss and greater cellular 

infiltration into the CNS, in the MOG35–55-induced EAE model [25]. In our study, vitamin 

B1 was present at a 7-fold higher concentration in the autoclaved diet compared to the 

irradiated diet and our MOG35–55-induced EAE mice on the irradiated diet had more severe 

disease, consistent with the earlier deficiency study. Therefore, the lower concentrations of 

vitamin D3 and vitamin B1, as well as other vitamins as yet unexamined, in the irradiated 

diet as compared to the autoclaved diet may contribute to the increased severity of the 

disease in the various EAE animals on the irradiated diet.

Finally, it has recently been shown that a high fat diet exacerbates EAE [26]. Using the 

C57BL/6 MOG35–55-induced EAE model, these researchers demonstrated increased disease 

severity and increased immune cell infiltration, oxidative stress and pro-inflammatory 

cytokines within the CNS of animals on a high fat diet (21% fat), compared to a normal diet 

[26]. Although our two food sources both contain much less fat, the irradiated diet (6.5% fat) 

had a higher percentage of fat and calories from fat than the autoclaved diet (4.3% fat). The 

animals on the irradiated diet showed increased severity of disease for both EAE models 

examined. Therefore the higher fat content of the irradiated diet may contribute, wholly or in 

part, to the effect of the diet on the severity of the EAE disease.

In terms of seizures and epilepsy, the ketogenic diet has been found to be effective in 

controlling seizures (reviewed in [27]). The ketogenic diet is a high fat diet in which the 
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major source of calories is supplied in fat. This diet has also been shown to be effective in 

animal studies (reviewed in [27]). Neither of our two food sources is comparable to the 

ketogenic diet as both diets supply the majority of calories as carbohydrates (Table 1), 

therefore no comparison can be made with our experiments. Other than the ketogenic diet, 

we were unable to find other studies linking food and nutrition with seizures and epilepsy.

In conclusion, we found that animals treated identically can display different disease 

severities due to their diet. In general, it appears that the irradiated diet caused more severe 

disease than the autoclaved diet in both EAE models and caused more severe seizures in the 

seizure model. Therefore, differences in the composition of the animal’s diet may be one 

factor contributing to variability in results observed from lab-to-lab. Although this is a factor 

that may be difficult to control for, its presence should be taken into consideration when 

comparing results from different laboratories.
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Abbreviations

EAE experimental autoimmune encephalomyelitis

TMEV Theiler’s murine encephalomyelitis virus

CNS central nervous system

MS multiple sclerosis

i.c. intracerebral

DA Daniels

p.i. post infection

CFA complete Freund’s adjuvant

PLP myelin proteolipid protein

MOG myelin oligodendrocyte glycoprotein

MBP myelin basic protein
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pfu plaque forming unit

subQ subcutaneously

i.v. intravenously

BP Bordetella pertussis

RR relapsing-remitting

p.s. post sensitization

PBS phosphate-buffered saline

PVC perivascular cuffs

ANOVA analysis of variance

PLSD protected least significant difference

SEM standard error of the mean

Demyl. demyelination

Menin. Meningitis

FA fatty acid
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Highlights

• Varied sources of food can impact reproducibility of results from lab to lab.

• Teklad irradiated rodent diet enhanced seizures in a mouse model of disease.

• Mice fed the Teklad irradiated rodent diet had earlier onset of EAE.

• Teklad irradiated rodent diet enhanced clinical disease in 2 EAE models.
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Fig. 1. 
Seizure frequency (Racine scale stages 3–5) in mice maintained on either irradiated or 

autoclaved diet. DA-infected C57BL/6 mice were monitored for seizures through day 21 p.i. 

The total numbers of mice infected (N) is shown. The percentages of mice with seizures 

were calculated: (number of mice with seizures/total number of mice infected) × 100.
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Fig. 2. 
Weight change in DA-infected C57BL/6 mice maintained on irradiated or autoclaved diet. 

Data represents percent of daily weight compared to weight at day 0, given as mean ± SEM 

for groups of 20 (autoclaved) and 19 (irradiated) mice. *p<0.05, **p<0.01, t-test.
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Fig. 3. 
Brain pathology in DA-infected C57BL/6 mice maintained on irradiated or autoclaved diet. 

The food groups were divided into mice experiencing seizures and mice not experiencing 

seizures. The neuronal cell loss was scored as described in the methods. Data represents 

mean ± SEM. The total numbers of mice (N) is shown. *p<0.05, **p<0.01, §p<0.001, 

Mann-Whitney U (neuronal cell loss), ANOVA (PVC).
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Fig. 4. 
Clinical scores in PLP139–151-sensitized SJL/J mice maintained on irradiated or autoclaved 

diet. Mice were monitored for signs of disease through day 48 p.s. Data is given as the mean 

± SEM for groups of 24 (autoclaved) and 23 (irradiated) mice. *p<0.05, 

**p<0.01, †p<0.0001, t-test.
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Fig. 5. 
Weight change in PLP139–151-sensitized SJL/J mice maintained on irradiated or autoclaved 

diet. Data represents percent of daily weight compared to weight at day −1, given as mean ± 

SEM for groups of 24 (autoclaved) and 23 (irradiated) mice. *p<0.05, **p<0.01, t-test.
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Fig. 6. 
Spinal cord pathology in PLP139–151-sensitized SJL/J mice maintained on irradiated or 

autoclaved diet. Demyl., PVC, Menin. and Overall pathology were scored as described in 

the methods. Data is given as the mean ± SEM for groups of 24 (autoclaved) and 23 

(irradiated) mice.
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Fig. 7. 
Clinical scores in MOG35–55-sensitized C57BL/6 mice maintained on irradiated or 

autoclaved diet. Mice were monitored for signs of disease through day 48 p.s. Data is given 

as the mean ± SEM for groups of 20 (autoclaved) and 19 (irradiated) mice. *p<0.05, 

**p<0.01, §p<0.001, †p<0.0001, t-test.
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Fig. 8. 
Weight change in MOG35–55-sensitized C57BL/6 mice maintained on irradiated or 

autoclaved diet. Data represents percent of daily weight compared to weight at day −1, given 

as mean ± SEM for groups of 20 (autoclaved) and 19 (irradiated) mice. 

*p<0.05, §p<0.001, †p<0.0001, t-test.
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Fig. 9. 
Spinal cord pathology in MOG35–55-sensitized C57BL/6 mice maintained on irradiated or 

autoclaved diet. Demyl., PVC, Menin. and Overall pathology were scored as described in 

the methods. Data is given as the mean ± SEM for groups of 20 (autoclaved) and 18 

(irradiated) mice.
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Table 1

Nutrient Composition of Irradiated and Autoclaved Diets.

Ingredient Irradiated Autoclaved Unit of Measure

Macronutrients Crude Protein 19.1 24.5 %

Fat 6.5 (acid hydrolysis) 4.3 (ether extract) %

Carbohydrate (available) 47.0 38.2 %

Crude Fiber 2.7 3.7 %

Neutral Detergent Fiber 12.3 14.0 %

Ash 5.1 8.0 %

Energy Density 3.1 (13.0) 2.9 (12.1) kcal/g (kJ/g)

Calories from Protein 24 34 %

Calories from Fat 16 13 %

Calories from Carbohydrate 60 53 %

Minerals Calcium 0.9 1.2 %

Phosphorus 0.7 1.0 %

Non-Phytate Phosphorus 0.4 0.7 %

Sodium 0.1 0.3 %

Potassium 0.4 0.9 %

Chloride 0.4 0.4 %

Magnesium 0.2 0.2 %

Zinc 60 84 mg/kg

Manganese 80 106 mg/kg

Copper 15 23 mg/kg

Iodine 6 2 mg/kg

Iron 200 300 mg/kg

Selenium 0.23 0.35 mg/kg

Amino Acids Aspartic Acid 1.1 2.3 %

Glutamic Acid 3.5 4.2 %

Alanine 1.2 1.4 %

Glycine 0.7 1.3 %

Threonine 0.6 0.9 %

Proline 1.9 1.7 %

Serine 0.9 1.6 %

Leucine 2.3 1.9 %

Isoleucine 0.7 1.0 %

Valine 0.9 1.2 %

Phenylalanine 1.0 1.1 %

Tyrosine 0.5 0.9 %

Methionine 0.5 0.4 %

Cystine 0.3 0.4 %

Lysine 0.9 1.4 %

Nutrition. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Libbey et al. Page 22

Ingredient Irradiated Autoclaved Unit of Measure

Histidine 0.4 0.6 %

Arginine 0.8 1.6 %

Tryptophan 0.2 0.3 %

Vitamins Vitamin A 15.0 37.0 IU/g

Vitamin D3 1.5 3.0 IU/g

Vitamin E 110 170 IU/kg

Vitamin K3 (menadione) 50 100 mg/kg

Vitamin B1 (thiamin) 17 120 mg/kg

Vitamin B2 (riboflavin) 15 17 mg/kg

Niacin (nicotinic acid) 75 129 mg/kg

Vitamin B6 (pyridoxine) 18 21 mg/kg

Pantothenic Acid 33 107 mg/kg

Vitamin B12 (cyanocobalamin) 0.08 0.13 mg/kg

Biotin 0.40 0.93 mg/kg

Folate 4 8 mg/kg

Choline 1200 2380 mg/kg

Fatty Acids C 16:0 Palmitic 0.6 0.7 %

C 18:0 Stearic 0.1 0.1 %

C 18:1ω9 Oleic 1.1 0.8 %

C 18:2ω6 Linoleic 2.6 1.8 %

C 18:3ω3 Linolenic 0.3 0.1 %

Total Saturated 0.8 0.9 %

Total Monounsaturated 1.1 1.0 %

Total Polyunsaturated 2.9 1.9 %

Other Cholesterol -- 50 mg/kg
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