
ABSTRACT   

COOK, MALLORY CAROLINE. Phytanic Acid:  Enrichment in the Rumen and 

Implications for Human Health. (Under the direction of Vivek Fellner).  

Phytanic acid is a known peroxisome proliferator-activated receptor-α (PPAR-α) and 

retinoid X Receptor (RXR) agonist.  RXR and PPAR-α aid in cell and lipid metabolism, 

being major substrate regulators skewing metabolism from glucose to lipid metabolism.  In 

studies, rats that had higher circulating phytanic acid became hyperphagic without 

subsequent weight gain.  Patients suffering Refsum’s disease, a condition causing elevated 

levels of phytanic acid in the body, also lost weight; yet another factor indicating beneficial 

fat lipolysis with increased dietary phytanic acid.  Previous work has shown that ruminant 

diets with increased levels of chlorophyll yielded increased levels of phytanic acid in 

ruminant products; however, definitive quantitative studies had not yet been conducted.  

Two in vitro batch culture experiments were conducted using rumen fluid collected 

from a fistulated non-lactating Holstein, fed 100% forage diet 10 days prior to sampling.  

Rumen fluid was strained through double layered cheesecloth, mixed with artificial saliva in 

a 2:1 ratio, rumen fluid to saliva, 30 mL was added directly to bottles containing fresh forage 

alfalfa or alfalfa plus three levels (1000, 2000, 3000 ppm) of phytol or chlorophyll.  During 

the addition of the rumen inoculum the batch culture bottles were purged with CO2, tightly 

capped using rubber septums and crimp tops and placed in a 39° C water bath for specified 

time intervals.  Upon the conclusion of the subsequent time periods, bottles were placed on 

ice to halt the fermentation process and placed in a refrigerator (4° C) until subsequent 

analysis.          



 
 

Two separate experiments were conducted to characterize ruminal conditions that 

produce maximal quantities of phytanic acid.  Experiment 1 was composed of eight 

treatments (each fermented in triplicate) with five time periods (0, 6, 12, 24, and 48 hr.).  The 

8 treatments were as follows: (1) alfalfa hay, (2) fresh forage, (3) phytol added at 1000 ppm, 

(4) phytol added at 2000 ppm, (5) phytol added at  3000 ppm, (6) chlorophyll added at  1000 

ppm, (7) chlorophyll added at  2000 ppm, and (8) chlorophyll added at 3000 ppm.  

Headspace gas samples were obtained from culture bottles through the rubber septum to 

analyze for methane.  Following methane analysis the bottles were opened and culture pH 

was obtained.  A 1 mL sample was processed for short chain fatty acids and a 10 ml aliquot 

was processed for and long chain fatty acids using gas chromatography.  Addition of 

chlorophyll or phytol to alfalfa did not have significant effect (p > 0.10) on phytanic acid 

production.     

 In experiment 2, 9 treatments were tested (each treatment was fermented in triplicate) 

with two time periods (0 and 24 hr.).  The 9 treatments were as follows (1) phytol added at 

10,000 ppm, (2) phytol added at 25,000 ppm, (3) phytol added at 50,000 ppm, (4) phytol 

emulsion added at 10,000 ppm, (5) phytol emulsion added at 25,000 ppm, (6) phytol 

emulsion added at 50,000 ppm, (7) chlorophyll added at 10,000 ppm, (8) chlorophyll added 

at 25,000 ppm, and (9) chlorophyll added at 50,000 ppm.  Emulsification of phytol was 

achieved with Tween 80.  Emulsified phytol at 25,000 ppm yielded optimal phytanic acid 

production when compared to phytol (p<0.011) and chlorophyll (p<0.003) treatments.  

Additional research is needed to further understand the biochemical pathways of phytanic 

acid production by rumen microbes and conditions resulting in the accumulation of PA in the 

rumen.
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CHAPTER 1 

Literature Review 

Consumer Perspective 

“Low-fat”, “no-fat”, “zero trans and saturated fat”; these are all key words many 

consumers look for, but could we be cheating ourselves by skimming off the fat?  Does 

increased fat consumption lead to an overweight individual?  Recent studies done on dairy 

fat, lead researchers to believe this is not the case.  Scientists have shown that milk may be 

more than just a good source of calcium and vitamin D; it may be the remedy for a vast array 

of medical ailments and an ever escalating obesity problem in America.   

For centuries it has been understood that milk is a beneficial part of our diet, 

illustrated by a request given to children at dinner tables around the world, “drink your 

milk!”  Having nine essential nutrients that benefit human health; calcium, protein, 

potassium, phosphorus, vitamin D, vitamin B12, vitamin A, riboflavin, and niacin; it is 

surprising to see that milk consumption has decreased over the last 100 years, being replaced 

by less nutritive alternatives.  This decline has been attributed to the increased popularity of 

sodas, energy drinks, bottled water and evasion of milk fat.  However, just as omega-3 fatty 

acids are beneficial to heart health, certain components of dairy fat have elicited positive 

medical benefits.  Dairy fat is one of the most diverse group of fats and has many 

components; conjugated linoleic acid, phytanic acid, and trans-palmitoleic acid are all dairy 

fats with potentially positive health benefits.  Phytanic acid is perhaps one of the newer 

exciting bioactive dairy fats under speculation.   
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History of Phytanic Acid 

Phytanic acid was first discovered in 1911 by a group of scientists, Willstatter and 

colleagues reported the preparation of (3, 7, 11, 15 tetramethylhexadecanoic acid) from 

phytol and called it phytanic acid (Verhoeven et al., 1998).  Years later, in 1951 Hansen and 

Shorland reported the natural occurrence of this branched chain fatty acid in buffer fat 

(Verhoeven et al., 1998).  Phytanic acid’s structure was not completely characterized until 

1965, with the introduction of gas-liquid chromatography and nuclear magnetic resonance 

spectroscopy (Hansen et al., 1965; Sonneveld et al., 1962).     

In 1963 Klenk and Kahlke first reported the branched chain fatty acid in man.  They 

observed phytanic acid concentrations in various lipid fractions of organs from an individual 

suffering from Refsum’s disease (Klenk and Kahlke, 1963).  Refsum’s disease is 

characterized by abnormal levels of phytanic acid found in various cells and tissue.  A rare 

perioxisomal disorder, caused by the absence or mutation of the first enzyme of alpha-

oxidation, phytanoyl-CoA hydroxylase, Refsum’s disease has been diagnosed a mere 150 

times worldwide.  While most individuals have the ability to oxidize phytanic acid, the 

harmful accumulation of phytanic acid in the body can give rise to consumer concern.  The 

question that needs to still be addressed is how much phytanic acid is too much?                    

Source of Phytanic Acid 

Phytanic acid can be found in ruminant products (meat and dairy) and also some 

marine fish (Hellgren, 2010).  There is a strong correlation between the intake of marine fish, 

dairy products, red meat and plasma phytanic acid levels (Hellgren, 2010).   Researchers first 

believed that phytanic acid was endogenously synthesized; however, this was later proven to  
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not be the case (Sonneveld et al., 1963).  In 1963, Duncan and Garton postulated that 

phytanic acid originated from the phytol side chain of chlorophyll, which proved to be its 

true origin.  Humans fed large amounts (3.5 Kg) of spinach over 60 hours did not result in 

increased levels of plasma phytol or phytanic acid (Avigan, 1966).   However, when fed a 

large dose of free phytol, human plasma phytanic acid levels increased tenfold (Avigan, 

1966).  From this study it was concluded that humans are unable to break the phytol ring 

from chlorophyll and consequently lack the capability to synthesize phytanic acid from 

chlorophyll endogenously.  Although humans are capable of converting phytol to phytanic, 

foods that contain free phytol are very limited, and thus plasma phytanic acid levels are 

primarily a reflection of the diet (Brink et al., 2006).  Ruminants, however, are able to 

convert chlorophyll bound phytol to phytanic due to microbes that aid in fermentation in the 

rumen.   

Phytanic Acid Pathways 

To synthesize phytanic acid, dietary chlorophyll is converted by the rumen microbes 

to phytol, which is further converted to phytanic acid (3, 7, 11, 15-tetramethyl hexadeconoic 

acid), a branched chain fatty acid (Patton and Benson, 2011).  There are two known pathways 

for the conversion of to phytanic acid.  In rats and humans, phytol is oxidized to phytenic 

acid and reduced to phytanic and in cows phytol is reduced to dihydrophytol and oxidized to 

phytanic (Brink et al., 2006) (Figure 1). 
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Figure 1.  Two Mechanisms of Phytanic Production (Brink et al., 2006) 

Feeding a phytol enriched diet to rats, increased phytanic acid levels, however, dihydrophytol 

was not detected which suggested that mechanism II is not used in rats (Brink et al., 2006).  

In cows, an increased intake of chlorophyll rich feed has shown to increase the level of 

phytanic acid in animal products.  There is some data to suggest that type of forage and 

consequently source of chlorophyll can have a variable effect on phytanic acid levels.  

According to Leiber et al. (2010), phytanic acid concentration in milk fat increased 0.15 

mass% in cows fed grass only compared to 0.45 mass% a group fed silage.  In another study, 

(Jansen et al., 2006) phytanic acid increased 0.01% in cows fed pasture compared to 8% 

when the cows were fed silage.  Chlorophyll content is known to be higher in fresh forage 

than silage (Schroder et al., 2012).  Patton and Benson (1966) conducted a 
14

C labeled study 

looking at phytol metabolism in the rumen.  Their findings indicate that only free phytol in 

the rumen is hydrogenated to dihydrophytol and oxidized to phytanic acid; bound phytol 

(chlorophyll) was not hydrogenated.  Little is known about phytol metabolism in the rumen 

and its implication on phytanic acid production.     

Phytol 

Phytanic Acid 

Dihydrophytol Phytenic Acid 

I II 

http://www.google.com/imgres?num=10&hl=en&biw=878&bih=458&tbm=isch&tbnid=TPwcrwbS6hq9mM:&imgrefurl=http://fr.wikipedia.org/wiki/Fichier:Phytol_Formulae.png&docid=44CWs0w2-kfCQM&imgurl=http://upload.wikimedia.org/wikipedia/commons/3/37/Phytol_Formulae.png&w=3295&h=467&ei=5mV4UJ_HOuTI0AGY3YDIAQ&zoom=1&iact=hc&vpx=237&vpy=220&dur=1934&hovh=84&hovw=597&tx=528&ty=44&sig=118422931476191257395&page=1&tbnh=18&tbnw=130&start=0&ndsp=10&ved=1t:429,r:4,s:0,i:99
http://www.google.com/imgres?hl=en&biw=878&bih=458&tbm=isch&tbnid=f_5JyxGfk6W1DM:&imgrefurl=http://en.wikipedia.org/wiki/File:Phytanic_acid.png&docid=3mim3wq6oEzTQM&imgurl=http://upload.wikimedia.org/wikipedia/commons/3/3a/Phytanic_acid.png&w=637&h=91&ei=kWd4UJLsGaHy0gGrpIDQAw&zoom=1
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Beneficial Bioactive Dairy Fat 

   Phytanic acid is a known peroxisome proliferator-activated receptor-α (PPAR-α) 

and retinoid X Receptor (RXR) agonist (Heim et al., 2002).  RXR is a nuclear receptor that 

promotes transcription of the target gene into mRNA then protein.  PPAR-α is responsible for 

increasing the size and number of peroxisomes, organelles found in both plant and animal 

cells that contain enzymes for lipid metabolism, within the cell.  Phytanic acid reduces 

bilayer lipid membrane stability and impedes fat crystallization (Patton and Benson, 2011).   

Hellgren (2010) deduced from his studies that the heterodimer complex RXR and PPAR-α, 

are major regulators of substrate selection in the hepatic oxidative energy metabolism and 

their activation directs metabolism toward fatty acid rather than glucose catabolism.    

Increased levels of phytanic acid in the liver increases lipid metabolism, decreasing hepatic 

lipids and circulating triacylglycerol (TAG) (Figure 2) (Hellgren, 2010).   In short, phytanic 

acid decreases fat and increases muscle mass, very similar to its counterpart conjugated 

linoleic acid. 

 

Figure 2. Decreasing Hepatic and Liver TAG (mg/g) with Increasing Phytanic Acid 

Concentration (Hellgren, 2010).     
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German researchers Schroder and Vetter (2012) recently suggested phytanic acid 

levels in dairy products be used as a marker for organic labeling.  In order for products to be 

labeled “organic”, the cow’s diet must be 60% roughage; and no antibiotics, meat or poultry 

bi-products can be in the feed.  Schroder et al. (2012) transitioned 3 cows between a 

conventional feeding method (total mixed ration) and an organic feeding method.   They 

measured phytanic acid levels and SRR/RRR diastereomer ratios and found that phytanic 

levels were higher in the cows fed the organic feed; phytanic acid was higher with silage 

compared to hay.  To be marked organic a minimal level of 200 mg of phytanic acid per 100 

gram of milk lipids was proposed (Schroder et al., 2012).   However, the authors 

recommended that phytanic levels alone could not be used as a marker for labeling, since the 

200 mg is sometimes less than levels observed with cows on the organic hay diet, attributed 

to the fact that chlorophyll content in hay is lower compared with fresh grass and grass 

silage.  They suggested that phytanic acid levels in conjunction with diastereomer ratios  

could be a better marker possibility.      

Why Consider Ruminant Research? 

Phytanic acid has not been used in human studies.  However, it has been suggested 

that the fatty acid could be a preventative dietary supplement for Type 2 diabetes (Heim et 

al., 2002; Hellgren, 2010).  With obesity on the rise worldwide, type 2 diabetes has followed 

suit becoming one of the world’s leading causes of fatality (Swuinburn et al., 2011).  In 

animal studies, rats with higher circulating phytanic acid became hyperphagic without 

subsequent weight gain (Hellgren, 2010).  This suggests that phytanic acid supplements 

could result in weight loss in humans.  Patients suffering from Refsum’s disease, a condition 
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causing elevated levels of phytanic acid in the body, also lost weight indirectly confirming  

the negative impact of phytanic acid on weight loss (Hellgren, 2010).   

Although physiological amounts of phytanic acid have elicited positive results, 

extensive research has yet to be done using this fatty acid.   We know that excessive amounts 

of phytanic acid are harmful and cause Refsum’s disease but it is not clear how much 

phytanic acid is too much?  We also know that a change in diet alters the amount of phytanic 

acid seen in both bovine species and humans, but these alterations need to be better 

quantified.  

The main objective of this research was to try to determine conditions that result in 

increased phytanic acid production.  A series of experiments were conducted to compare the 

effect of increasing levels of chlorophyll and free phytol on the production of phytanic acid 

by rumen microbes.   
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CHAPTER 2 

Effect of Incremental Levels of Phytol and Chlorophyll on Phytanic Acid Production by 

Mixed Cultures of Rumen Microorganisms  

M.C. Cook, J. Odle, S.J. Mcleod and V. Fellner 

Department of Animal Science, North Carolina State University, Raleigh NC 27695-7621 

 

Introduction 

Obesity and cardiovascular related deaths and illnesses are on the rise globally 

(Swinburn et al., 2011).  Recent studies indicate that phytanic acid, a fatty acid found in 

ruminant products and marine fish, may alleviate the incidence of this metabolic syndrome 

(Heim et al., 2002; Hellgren, 2010; Tang et al., 2007).  Phytanic acid is a known retinoid-X 

receptor (RXR) agonist,  peroxisome proliferator-activated receptor-α (PPAR-α), and also  

induces transcription of GLUT 1 and 2 and glucokinase in the liver of rodents, directing 

metabolism toward lipid rather than glucose metabolism  (Heim et al. 2002; Hellgren, 2010)  

which decreases fat accumulation and increases muscle mass.   

Research on the effects of phytanic acid on lipid and glucose metabolism is scarce; 

therefore, implications of phytanic acid supplementation to aid in the treatment/ prevention 

of metabolic disorders have not yet been conducted in humans.   It is known that patients 

suffering from Refsum’s disease, a rare perioxisomal disorder, characterized by increased 

levels of plasma phytanic levels due to the absence of the enzyme phytanoyl-CoA  
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hydroxylase, have detrimental neurological effects (Brink et al., 2006).  This disease is rare 

and has only been diagnosed 150 times worldwide (Hellgren, 2010).  One classical symptom 

of Refsum’s disease is increased weight loss, which further points to possible implications 

phytanic acid could have on obesity and Type II diabetes.   

Multiple Studies have shown the enrichment of phytanic acid in the rumen with 

increased chlorophyll which is also reflected in increased content of this fatty acid in 

ruminant products (Vetter and Schroder, 2010; Schroder et al., 2012; Leiber et al.,, 2010; 

Jansen et al., 2006).  The dietary induced increase in ruminant milk and meat phytanic acid 

levels can vary depending on the type of feed (Leiber et al., 2010; Jansen et al., 2006, Patton 

and Benson, 1966).  A 
14 

C labeled phytol study done by Patton and Benson  (1966) indicated 

that only free phytol, as opposed to phytol bound to chlorophyll appeared to be hydrogenated 

from dihydrophytol to phytanic acid in the rumen.  The present study was conducted to (1) 

measure phytanic acid levels in in vitro cultures of rumen microbes, and (2) the effect of 

substrate on phytanic acid concentration.   

Preparatory Work   

Our initial step was to develop an assay to accurately measure phytanic acid.   A 

phytanic acid standard was ordered from Cayman Chemical Company of Ann Arbor 

Michigan.   Two methylation procedures were evaluated outlined by Kramer et al., (1997) 

and Vetter et al., (2010).  The procedure by Kramer et al. (1997) is commonly used for 

methylation and quantitation of fatty acid methyl esters (FAMES) and the latter procedure by 

Vetter et al. (2010) was developed specifically to identify phytanic acid.  Briefly, the  
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FAMES procedure as described by Kramer et al. (2007) was as follows:  2 ml of 

NaOCH3/Methanol were added to 20 ul phytanic acid standard and heated at 50° C for 10 

minutes.    After removing from heat, 4 ml of 5% HCl/Methanol were added to the culture 

tube, capped tightly and heated at 80° C for 10 minutes.  The tubes were allowed to cool, 

before 2 mL of water followed by 1 mL hexane were added.  The sample was vortexed and 

the top phase aspirated into GC vials for subsequent GC analysis.  The Vetter methylation 

procedure was performed as follows:  0.5 mL of 0.5 M methanolic KOH were added and 

heated at 80° C for 5 minutes.  After cooling in an ice bucket for 5 minutes, 1 mL of 12% 

BF3 solution was added and heated at 80° C for 5 minutes.  After cooling for an additional 5 

minutes on ice, 0.75 mL of saturated sodium chloride solution was added followed by 1 mL 

of hexane.  The top phase was aspirated into GC vials for subsequent GC analysis.  The 

phytanic acid standard was used to evaluate the two analytical techniques.  The standard was 

run in duplicate.   Figure 3 (a and b) below show the chromatograms obtained from the two 

separate techniques.  The Vetter procedure (a) resulted in a greater phytanic acid peak and 

better peak resolution when compared to the FAMES methylation described by Kramer et al. 

(1997).  Based on these results the Vetter procedure was used in all subsequent experiments 

for extraction and methylation of phytanic acid.   
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Figure 3. (a) Vetter et al. (2010) (b) Kramer et al. (1997).  

  

Our next step was to determine the efficiency of extraction of phytanic acid using the 

Vetter procedure.  A stock solution of phytanic acid (0.0008 M) was prepared.  Two aliquots 

of stock solution, 20 ul and one at 200 ul were methylated according to the procedure 

outlined by Vetter et al. (2010).  The two samples corresponded to 5 ug and 50 ug of phytanic 

acid, respectively.   Following methylation the samples were run on the GC.  Figure 4 depicts 

a chromatogram with the two peaks of PA, one corresponding to the 20 ul (5 ug) and the 

other to the 200 ul (50 ug) of PA.  The sample containing 50 ug of PA had a 10 times larger 

PA peak than the sample with one 5 ug of PA. 
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Figure 4 .  A GC chromatogram depicting two levels of phytanic acid.  Peak in red 

corresponds to 5 ug of phytanic acid, and the peak in black corresponds to 50 ug of phytanic 

acid.   

 

This exercise allowed us to determine the retention time of phytanic acid which was 45 

minutes.  We also analyzed a rumen sample to ascertain whether other peaks in the rumen 

culture co-elute with PA at 45 minutes.  Our results showed that there were no peaks that 

eluted between 40 and 47 minutes.  This further provided greater confidence in our ability to 

identify the phytanic acid peak in our rumen culture samples.   Our final test within our 

preparatory work was to analyze a hay sample before and after the addition of a known 

amount of phytanic acid.  Figure 5 shows a chromatogram from a hay sample that was taken 

from experiment one at zero hours.   

 

Figure 5.  A GC chromatogram from a hay sample taken at 0 hr.   
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The chromatogram (Fig. 5) was very typical of a rumen FA profile which included C10, C16, 

C18:1, and C18:2.  We included C19 as an internal standard to allow us to quantify PA.  We 

identified a small peak with the retention time of 45 minutes which is likely the phytanic acid 

peak from the hay.  There were no other peaks that eluted at that time.  Figure 6 shows a 

chromatogram of the same hay sample after 20 ul (5 ug) phytanic acid were added to the 

sample.    

 

Figure 6.  Phytanic Acid Spike.   

 

Figure 7 is an overlay of Fig 5 and Fig 6 chromatograms. 

 

Figure 7. An overlay of Fig 5 and Fig 6 chromatograms  

 

 

Phytanic Spike 
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Experimental Design 

 Experiment one was composed of eight treatments with five incubation times (0, 6, 

12, 24, and 48 hr.).  The 8 treatments were as follows: (1) alfalfa hay, (2) fescue grass, (3) 

alfalfa hay + phytol (1000 ppm) (0.85 mg), (4) alfalfa hay +  phytol  (2000 ppm) (1.7 mg), 

(5) alfalfa hay + phytol  (3000 ppm) (2.55 mg), (6) alfalfa hay + chlorophyll (1000 ppm) (1 

mg), (7) alfalfa hay + chlorophyll (2000 ppm) (2 mg), and (8) alfalfa hay + chlorophyll (3000 

ppm) (3mg).  Chlorophyll samples contained 0.32 mg, 0.63 mg, and 0.95 mg of bound phytol 

respectively for the three treatments.  The hay sample was obtained by mixing alfalfa pellets 

in a blender.  The fresh forage, comprised mostly of tall fescue, was obtained from NC State 

University’s Dairy Educational Unit on Lake Wheeler Road, Raleigh North Carolina, in 

November 2011.  Fresh forage samples were obtained from one of the pastures transported to 

the lab on ice and frozen until the day prior to the start of the experiment.  Each treatment 

was fermented in triplicate.  Phytol (3,7,11,15-Tetramethyl-2-hexadecen-1-ol; C20H40O; MW 

= 296.53 g/mol)  was purchased from Indofine Chemical Company Inc., Hillsborough, New 

Jersey.  Phytol was sold as a colorless liquid with a purity ranging between 96.5% and 

98.3%.  Source of chlorophyll (C55H72MgN4O5; MW = 893.49 g/mol) was chlorophyllin 

(95.5%) (C34H31CuN4Na3O6; MW = 724.15 g/mol) a water soluble copper semi-synthetic 

derivative of chlorophyll and was purchased as a powder from MP Biomedicals, Solon, Ohio. 
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  Phytol                   Chlorophyllin  

Figure 8. Chemical structures of phytol and chlorophyllin 

 

To confirm degree of purity of our phytol standard, a phytol sample was processed and 

analyzed using our GC analysis.  Our GC results showed one major peak corresponding to 

phytol but we also found a few minor peaks which most likely indicated presence of several 

isomers.  We found this atypical profile in all phytol treated cultures.  Incubation time 

periods were selected based on a study done by Dawson et al. (1974).   In that study they 

introduced 
14

C-labelled perennial rye grass directly into the rumen of fistulated sheep and 

reported an accumulation of phytanic acid which becomes apparent by 6 hours.  Levels of 

phytol and chlorophyll were determined based on a study done by Lee et al. (2006).  In that 

study, they reported the chlorophyll content of various silages with an average value of 2.5 

g/Kg which would correspond to 2500 ppm.   

Methods      

 There were a total of 145 bottles used in experiment 1.  These included appropriate 

blanks; rumen blank, fresh forage blank, hay blank, alfalfa + phytol (2000 ppm) blank, and 

alfalfa + chlorophyll (2000 ppm) blank.  One gram of ground alfalfa hay and one gram of 

fresh fescue forage (dry weight basis) cut to fine particle size were weighed into  
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corresponding bottles and bottles receiving the chlorophyll treatments were added 12-24 h 

prior to inoculation with rumen fluid.  Bottles that received the fresh forage treatment were 

immediately placed in a -20 ° C refrigerator and all other treatments were covered and kept at 

room temperature.   

 The day of the experiment, approximately two liters of rumen fluid were collected 

from a non-lactating Holstein surgically fitted with a fistula.  The Holstein was on a forage 

diet of good quality hay for 10 days prior to sampling.  Rumen fluid was placed in a pre-

heated insulated thermos, transported to the lab, and then strained into an Erlenmeyer flask 

through double layer cheesecloth.  Rumen inoculums were prepared with the addition of 

artificial saliva buffer to the strained rumen fluid in a 2:1 ratio i.e., 2 parts buffer to one part 

rumen fluid.  At this time respective amounts of phytol treatment were added to incubation 

bottles.  After the addition of phytol treatment all bottles were purged with CO2 and 30 mL of 

the rumen inoculum was added to the bottles.  The 0 h samples were immediately placed on 

ice to halt the fermentation process; the remaining samples were placed in a 39°C water bath 

for the following time periods 6, 12, 24, and 48 h.  At the specified incubation periods, the  

bottles were taken out of the water bath placed on ice, methane samples were taken, and then 

bottles were placed in the freezer until subsequent analysis. 

Analysis 

At the end of each time period respective bottles were placed on ice to inhibit further 

microbial activity.  Gas samples from headspace in incubation bottles were obtained to 

measure methane concentration.    Gas samples (10 uL) (in duplicate) were withdrawn with a 
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gas tight syringe.  Samples were immediately analyzed for methane (CH4) using gas-liquid 

chromatography (CP-3800, Varian, Walnut Creek, California) equipped with a Molsieve 5A 

45/60 mesh stainless steel column (Supelco Inc., Bellefonte, Pennsylvania).  Once gas 

samples were measured, bottles were uncapped and pH was analyzed with a pH meter.  A 1 

mL aliquot from each bottle was obtained for VFA analysis.  VFA analysis were conducted 

as follows: 200 uL of MIS (metaphosphoric acid) were added to 1 mL of rumen fluid, 

centrifuged for 15 minutes at 353 g;  and the supernatant placed in GC vials for subsequent 

GC analysis.  Metaphosphoric acid precipitates the proteins in the rumen fluid, thus leaving 

the VFA’s intact in the supernatant.  Separation of volatile fatty acids was achieved using a 

Nukol Fused silica capillary column (30m x .25mm i.d.  x .25 um film thickness; Supelco 

Inc., Bellefonte, PA), H2 as the carrier gas, and a flame-ionization detector (FID).  The 

injector and FID were both set at 270 ° C.  The column was operated at 150 °C + 3°/min to 

170° C.  

 For long chain fatty acids a10 mL aliquot was extracted and methylated according to 

the Vetter et al. (2010) procedure as described in the experiment preparatory analysis section.   

A 10 mL sample was taken from each bottle, placed in a Kimble Kimax 45153-15 Glass 

Conical Bottom 50mL Graduated Centrifuge Tube to which 1 mL of C19 standard (1 

mg/mL), 3.5 mL of diH2O, and 1 mL of 6 N HCl was added and the tube was mixed.  This 

was followed by the addition of 30 mL of 1:1 CHCl3: MeOH gently mixing by hand and 

centrifuged on low, 353 g, for 10 minutes.  The bottom phase was transferred into pre-

weighed tubes and 15 mL CHCl3 was added and the tubes were centrifuged at 353 g for 

another 10 minutes.  The bottom phase was transferred using Pasteur pipettes to the first  
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fraction to be dried under N2 gas.  After the samples were completely dried, the weight was 

recorded.  The Vetter methylation procedure was performed exactly as previously outlined in 

the section labeled preparatory work.  Lipids were methylated (Vetter et al., 2010), and fatty 

acid methyl esters were analyzed using gas liquid chromatography (CP-3800, GC Varian, 

Walnut Creek, California).  Separation of the fatty acid methyl esters was achieved using a 

CP-Sil 88 capillary column, fused silica 100 m X 0.25 mm.  The temperature program was 

modified slightly from that used by Vetter et al. (2010) to achieve greater peak separation.  

Injector was set at 250°C and the FID was set at 260° C.  The column was operated at 60°C 

hold 1 min, +10°/min to 140°C hold 1 min, +5°/min to 145°C hold 2 min, +2°/min to 195°C 

hold 30 min; for a total run time of 77 minutes.  Peaks were identified using known FAME 

standards (Matreya Inc., Pennsylvania), and the peak of interest, phytanic acid, was identified 

based on retention times determined in our preparatory work.  Fatty acid concentrations were 

calculated by dividing the area under the corresponding FA peak by the sum of the areas 

under the total FA peaks (for rumen contents, C= C10-C18:3, including other and new other 

categories).  The “other” category included peaks largely seen in each chromatogram from 

the C10-C15 region, and the “new other” category including peaks not consistently seen 

within each chromatogram, between the C16-C18 region.        

Statistical Analysis 

 Statistical analysis of data was performed by analysis of variance for a randomized 

complete block design using the Proc Mixed procedure in SAS (SAS-institute, 1999).  Bottle 

was the experimental unit for batch culture data.  The model for repeated measures variables 

included treatment, bottle, and treatment x bottle.  Treatment effects were broken down into 
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four contrasts; hay (H) vs Fresh Forage (FF), H vs Chlorophyll (C), H vs Phytol (P), and C vs 

P.  Treatment effects were considered significant at p <0.05 with trends reported at p <0.10.   

Results  

Methane ranged from 10.17 mmol/ml to 16.54 mmol/ml for the 0 hr time period.  

Culture pH ranged between 6.2 and 6.4 across all treatments; pH in cultures receiving fresh 

forage was 6.4 compared with a 6.3 for all other treatments (Table 1).  Total VFA (mM) 

across all treatments ranged from 0.11 mM to 2.71 mM (Table 1).   

Concentration of VFA’s are reported as mM as well as mol% (Table 1).  As expected, 

total VFA concentrations in all samples at 0 h was either 0 or negligible.  This suggests 

minimal fermentation activity.   

At 6 h, methane ranged from 34.43 mmol/ml to 688.70 mmol/ml.  Hay was higher in 

methane than fresh forage (p<0.0001) and chlorophyll (p<0.05).  Phytol increased (p<0.02) 

methane when compared to chlorophyll (Table 2).  Culture pH averaged approximately 6.07 

and was similar across all treatments with the exception of fresh forage, which tended 

(p<0.10) to have a higher pH (Table 2).  

 At 6 h, millimolar concentrations of acetate (p<0.02), propionate (p<0.0002), butyrate 

(p<0.0002), isovalerate (p<0.0002), and valerate (p<0.02) were greater for hay than fresh 

forage (Table 2).  Valerate concentrations were greater in the chlorophyll treatment than 

either hay (p<0.02) or phytol (p<0.04) treatments.  Molar percentages of propionate 

(p<0.0001), isovalerate (p<0.002), and valerate (p<0.05) were higher in hay than fresh 
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forage.  Acetate (p<0.0001) and A: P (p<0.0001) molar percentages were found to be greater 

in the fresh forage than the hay treatment.   

At 12 h, methane ranged from 0.00 mmol/ml to 849.64 mmol/ml (Table 3).  The hay 

treatment had significantly (p<0.0007) greater methane production over the fresh forage 

treatment (Table 3). Culture  pH averaged 5.93, and was similar among all treatments with 

the exception of fresh forage which had a higher pH compared with hay (p<0.004).   

 At 12 h, total VFA (p<0.02) were higher in the hay treatment than the fresh forage 

treatment (Table3).  Hay had higher millimolar concentrations of acetate (p<0.08), 

propionate (p<0.0006), and valerate (p<0.0001) when compared with fresh forage.  

Millimolar concentrations of valerate (p<0.0001) were increased with fresh forage when 

compared to hay (Table 3). Phytol resulted in greater propionate (p<0.04), butyrate (p<0.04), 

and valerate (p<0.09) when compared to hay.  Molar percentages of propionate (p<0.004) 

and valerate (p<0.0001) were higher with hay than the fresh forage.  In contrast acetate 

(p<0.08), butyrate (p<0.06), isovalerate (p<0.0001), and A: P ratio (p<0.004) were 

significantly with fresh forage than hay.   Molar percentages of propionate tended (p<0.10) to 

be higher in chlorophyll treatments than the hay treatment (Table 3).  

 At 24 h, methane ranged from 0.00 mmol/ml to 846.08 mmol/ml (Table 4).  Culture 

pH was higher (p<0.0003) with fresh forage but averaged 5.72 across all other treatments.  

Total VFA concentrations (mM) were significantly (p<0.07) greater in the hay treatment than 

the fresh forage treatment (Table 4). 

 At 24 h, millimolar concentrations of acetate (p<0.0018), propionate (p<0.0001),  
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isobutyrate (p<0.0001), butyrate (p<0.0001), isovalerate (p<0.0001), and valerate (p<0.0001) 

were significantly greater in the hay treatment than the fresh forage treatment (Table 4).  

Concentrations of propionate tended (p<0.05) to be higher in chlorophyll treatments than 

phytol treatments.  Molar percentages of acetate (p<0.0001), propionate (p<0.0001) were 

higher in the hay treatment than the fresh forage treatment.  Molar percentages of isobutyrate 

(p<0.0001), butyrate (p<0.0001), isovalerate (p<0.0001), and valerate (p<0.0001) were 

greater in the fresh forage treatment than the hay treatment, while isobutyrate was (p<0.08) 

higher in phytol than chlorophyll (Table 4).   

 At 48 h, methane ranged from 0.00 mmol/ml to 2196.16 mmol/ml (Table 5).  Hay 

produced greater (p<0.0001) quantities of methane than fresh forage.   Culture pH was higher 

(p<0.001) for fresh forage and averaged 5.50 across all other treatments (Table 5).   

 Total VFA concentrations (mM) were not significantly different across all treatments 

(Table 5).  Acetate (p<0.003) and propionate (p<0.0001) were greater in hay than fresh 

forage.  Concentrations of isobutyrate (p<0.0001), butyrate (p<0.0001), isovalerate 

(p<0.0001), and valerate (p<0.0001) were higher in fresh forage compared to hay (Table 5).  

Acetate (p<0.04) was greater in the phytol treatments compared to the chlorophyll 

treatments.  Butyrate (p<0.03), isovalerate (p<0.0001), and valerate (p<0.03) increased with 

chlorophyll compared to phytol.  Isobutyrate (p<0.0003) was significantly increased with 

chlorophyll when compared to hay alone (Table 5).  Molar percentages of acetate 

(p<0.0005), propionate (p<0.01), and the A: P ratio (p<0.04) were greater in cultures 

receiving hay compared to fresh forage treatment.  Molar percentages of isobutyrate 

(p<0.0001), butyrate (p<0.0001), isovalerate (p<0.0001), and valerate (p<0.0001) were  
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significantly higher in the fresh forage treatment than the hay treatment (Table 5).  Acetate 

(p<0.03) and the A:P ratio (p<0.04) moar percentages were greater in phytol treatments than 

chlorophyll treatments.  Isobutyrate (p<0.002), butyrate (p<0.03), isovalerate (p<0.0008), 

and valerate (p<0.03) molar percentages were significanlty greater in chlorophyll treatments 

than phytol treatments (Table 5).     

Long chain fatty acid profile (LCFA) (mg) for the 0 hr. time period are shown in 

Table 6.   C10 and C12 were not present in the 0 h time period (Table 6).  Palmitic acid 

(C16:0) was greater (p<0.04) and iso14 (p<0.07), and C18:1 (p<0.07) tended to be higher in 

hay when compared to fresh forage (Table 6).  As expected, C18:2 (p<0.01) and C18:3 

(p<0.08) were greater in the fresh forage treatment than the hay treatment.  Anteiso15 was 

greater in chlorophyll than hay (p<0.02).  The C14 FA (p<0.08), other FA (p<0.06), and New 

Other Peaks (p<0.03) were higher in cultures receiving phytol when compared to hay.  When 

compared to chlorophyll, phytol increased C15 (p<0.05), iso16 (p<05), C18:2 (p<0.09), 

Other FA (p<0.10), and New Other Peaks (p<0.0001).    

At 6h, LCFA’s C15 and C18:2 were not detected in any cultures.  The hay treatment 

produced higher concentrations of both C18 (p<0.05) and C18:1 (p<0.09), but less C18:3 

(p<0.001) when compared to the fresh forage treatment.  Hay had a greater amount of iso 15 

(p<0.10) when compared to chlorophyll, but less New Other Peaks (p<0.001) when 

compared to phytol. Phytol increased iso 15 (p<0.10), anti-iso 15 (p<0.02), Other FA 

(p<0.10), and New Other Peaks (p<0.001) when compared to chlorophyll.   

At 12 H, hay increased iso 15 (p<0.10) and anti-iso 14 (p<0.05), and decreased C18:3 

(p<0.001), when compared with the fresh forage treatment (Table 8).  C18:1 tended to be 
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increased with chlorophyll when compared with either hay (p<0.09) or phytol (p<0.08).  

New Other Peaks were greater with phytol when compared to either hay (p<0.001) or 

chlorophyll (p<0.001).  Chlorophyll treatments increased anti-iso 15 (p<0.01), phytanic acid 

(p<0.001), C18:1 (p<0.08), and C18:3 (p<0.09) when compared to phytol (Table 8). 

At 24 h, PA was lower (p<0.10), but C18:1 (p<0.001), C18:3 (p<0.01), Other FA 

(p<0.001), and New Other Peaks (p<0.04) were increased with fresh forage when compared 

to hay (Table 9).  Hay increased “other” peak FA’s when compared with chlorophyll 

(p<0.01) and phytol (p<0.01).  Phytol increases C18:2 when compared to hay (p<0.01) and 

chlorophyll (p<0.02).   

At 48 h, fresh forage had higher concentrations of both iso 14 (p<0.03) and C18:1 

(p<0.001) when compared with hay.  Chlorophyll tended to increase C14 (p<0.08) when 

compared to phytol (Table 10).   

LCFA (as a % of total FA) at 0 h are shown in Table 11.  The FA C12 (p<0.10), C16 

(p<0.06), and C18:1 (p<0.01) were higher in the hay treatment than the fresh forage 

treatment.  Fresh forage increased C18:2 (p<0.001) and C18:3 (p<0.01) when compared to 

hay.  Chlorophyll increased C14 (p<0.02) and anti-iso 15 (p<0.001) compared hay.  Anti-iso 

15 (p<0.01) was significantly greater in the chlorophyll than phytol treatment.  Phytol 

treatments had higher percentages of C14 (p<0.05), other (p<0.10), and “new other” peaks 

(p<0.03) when compared to the hay treatment.  When compared to chlorophyll treatments, 

phytol increased C10 (p<0.04), C15 (p<0.04), iso 16 (p<0.05), C18:2 (p<0.04) and New 

Other Peaks (p<0.01) (Table 11).              
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 At 6 h, fresh forage produced had higher percentages of iso 15 (p<0.04), C18:3 

(p<0.001), and Other FA (p<0.001), but lower C18 (p<0.001) when compared with the hay 

treatment (Table 12).  Cultures receiving chlorophyll had higher amounts of Other FA 

(p<0.09) when compared to hay, and higher C14 (p<0.09) when compared to phytol.  

Concentrations of New Other Peaks (p<0.001) and anti-iso 15 (p<0.001) were greater with 

phytol than chlorophyll (Table 12).           

 At 12 h, percentage of iso 15 (p<0.03), and C18 (p<0.01) were significantly greater, 

while percentages of C18:3 (p<0.001) and other (p<0.001) were significantly smaller with 

hay than fresh forage (Table 13).  Phytol increased the New Other Peaks FA when compared 

hay (p<0.002) and chlorophyll (p<0.001).  Chlorophyll increased phytanic acid (p<0.08), 

C18:1 (p<0.04), and C18:3 (p<0.07) when compared to phytol (Table 13).       

 At 24 h, with the exception of iso 15 (p<0.04), fresh forage increased C18:1 

(p<0.001), C18:3 (p<0.01), Other FA (p<0.001), and New Other Peaks (p<0.06) compared to 

hay (Table 14).  Other peaks were greater in the hay treatment when compared to both the 

chlorophyll treatments (p<0.001), and the phytol treatments (p<0.001).  C16 (p<0.02) was 

greater in chlorophyll treatments than the hay treatments.  Phytol increased C18:2 when 

compared to hay (p<0.001) and chlorophyll (p<0.001) (Table 14).    

 At 48 h, with the exception of iso 14 (p<0.04), fresh forage had higher C14 (p<0.04) 

and C18:1 (p<0.001) when compared to the hay treatment (Table 15).  Phytol treatments had 

higher other peaks (p<0.05) when compared to hay, and higher anti-iso 15 (p<0.07) and C16 

(p<0.01) when compared with chlorophyll.  Chlorophyll tended to increase C14 (p<0.07) 

when compared to phytol (Table 15).      
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Discussion 

 Phytanic acid levels in experiment one failed to indicate a treatment that substantiated 

superior phytanic acid metabolism.  Levels of chlorophyll and phytol were chosen to mirror 

those found in common ruminant feedstuffs, however, increased phytanic acid metabolism 

was not achieved with increased substrate as was expected (Lee et al., 2006; Hellgren, 2010).  

Further, phytol was included in the study to circumvent the initial step of phytanic acid 

production, the breakdown of the phytol tail from the chlorophyll ring structure, and hence 

predicted to facilitate more rapid accumulation of phytanic acid over chlorophyll, which did 

not occur.   

 Phytol and chlorophyll treatments were the main focus of the study with hay and 

fresh forage treatments included as controls.  Briefly, when comparing hay to fresh forage, 

hay had greater total SCFA resulting in significantly lower pH for all time periods.  This can 

be attributed to higher digestibility of pelleted alfalfa and smaller particle size over the fresh 

forage (Meyer et al., 1959).  Smaller particle size of the blended alfalfa would have caused 

decreased digestibility had the substrates been administered in situ, the small particle size 

would have passed through the rumen more quickly, thus decreasing the amount of time 

ruminal microbes had to digest the hay (Maulfair and Heinrichs, 2013).  However, in an in 

vitro experiment, the small particle size increased the substrate surface area, allowing 

microbes to digest plant carbohydrate more rapidly, consequently resulting in a quicker 

accumulation of total SCFAs.  

 Although observed total SCFA and culture pH followed expected trends within hay 

and fresh forage, methane production did not.  Methane is the end product of fermentation, 
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and increases with increased fermentation.  It was expected that hay would have significantly 

higher methane to match greater total SCFA which was an indicator of greater fermentation, 

however, it was not expected that methane levels would drop to zero in the fresh forage 

treatment.  Had SCFA and LCFA production not been observed, zero methane would have 

indicated dead cultures.  Lack of methane production in the fresh forage treatment is 

unexpected and is not easily explained.     

Although composition of individual SCFAs were significantly different throughout 

incubation periods, indicating that hay and fresh forage supported different microbial profiles  

(Lourenco et al., 2010); hay and fresh forage had similar LCFA profiles with the exception of 

the C18’s.  Data on biohydrogenation of LCFA in hay and fresh forage are consistent with 

reported results (Dohme et al., 2011).  We reported higher levels of C18:3 in fresh forage 

compared to hay and greater biohydrogenation, as reflected in appearance of saturated FA, 

with hay diet compared to fresh forage.  Phytanic acid accumulation was not significantly 

different when hay and fresh forage were compared at incubation periods.   

Chlorophyll and phytol treatments were similar with respect to culture pH, methane 

production, and total SCFA production throughout all incubation periods, indicating similar 

levels of fermentation within the treatments.  Significant differences in the configuration of 

SCFA were seen at 48 h, indicating that chlorophyll and phytol may have supported different 

microbial profiles.  Phytol exhibited higher proportions of the two major VFAs acetate and 

propionate, while chlorophyll sustained a microbial community that produced slightly 

elevated proportions of the lesser SCFAs.    Increased levels of the lesser fatty acids 

isobutyrate or isovalerate have been shown to increase proportions of branched long-chain 
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fatty acids (Kaneda, 1965).  When comparing mole % of isobutyrate and mole % of 

isovalerate to percent of PA, treatments with either of these lesser fatty acids at an elevated 

rate had higher proportions of phytanic acid.  This, however, was not observed at 48 h, 

chlorophyll treatments had higher isobutyrate and isovalerate levels, yet lower levels of 

phytanic acid than phytol treatments.   

Phytanic acid was produced in very small quantities over all time periods.  In a study 

by Dawson et al. (1974) phytanic acid appeared after 6 h of fermentation comprising 1.3 %  

of total fatty acid, by 12 h it was 4.6 %, and after 24 h phytanic acid was 5.9 % of total fatty 

acid. Phytanic acid in our in vitro cultures averaged 2.44% at 0 h, which is greater than what 

is reported by Dawson et al (1974).  At 12 h phytanic acid was significantly greater in the 

chlorophyll treatments when compared to the phytol treatments, yet at an average of 1.37 % 

for both chlorophyll and phytol this was lower than the 4.6 % reported by Dawson et al. 

(1974) at 12 hours.  Highest levels of phytanic acid were seen at 24 hours, with an average of 

2.67 % among the chlorophyll and phytol treatments.  Phytanic acid has been shown to 

accumulate over time (Lough, 1964; Hansen, 1966) and we expected PA levels to be the 

highest in the 48 h cultures.  However, we did not see the same increase in PA as has been 

previously reported, with phytanic acid levels dropping to 2.06 % of total fatty acids at 48 h.   

A possible explanation for this discrepancy could potentially be the extended 48 hr. 

time period, which was extended from Dawson et al. (1974) by 24 h.  As the cultures were 

allowed longer to ferment lipolysis became more extensive, resulting in greater proportions 

of C10-C14 fatty acids, which have inhibitory effects on the production of branched chain 

fatty acids, such as phytanic acid (Kaneda, 1965).  These medium chained fatty acids would 
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slow the rate of phytanic acid production; hence other FA would continue to be increased 

with longer fermentation, causing a drop in the ratio of PA to total fatty acid.   

Not only did percentages of PA decrease, but concentrations of phytanic acid 

decreased from the 24 h to the 48 h time period; implicating possible depletion of phytanic 

acid within chlorophyll and phytol.  Contrary to the accumulation effect reported by Dawson 

et al. (1974) a study done by English et al. (1997) reported that phytanic acid induces the  

expression of cytochrome P-450 in Bacillus megaterium, which was shown to oxidize 

phytanic acid to w-1-hydroxyphytanic acid.  Another possible explanation was to contribute 

phytanic acids disappearance to various microbes incorporating the lipid into their bacterial 

membrane, taking it out of the rumen fluid.  Just as bacterium are known to incorporate 

C16:1 into their membranes, a study done by Hansen (1966) suggested that phytanic acid is 

found within the bacterium membrane, thus as bacteria begin to incorporate phytanic acid, 

less can be seen to accumulate in the rumen fluid.   

We did not observe an increase in PA as we had anticipated with increased levels of 

either chlorophyll or phytol.  Chlorophyll levels were picked to mimic that which would be 

found in common feedstuffs (Lee et al., 2006).  Levels of phytol were picked to match that of 

chlorophyll, with the intention that phytol would circumvent the initial step of phytanic acid 

production, the breakdown of the phytol tail from the chlorophyll ring structure.   

Administering identical levels of substrate to the cultures ensues that phytol treatments would 

have more free phytol, the precursor to phytanic acid, than the chlorophyll treatments.  The 

phytol ring makes up approximately 1/3 of the chlorophyll molecule, thus on average 

chlorophyll treatments had approximately 1/3 bound phytol as phytol had free phytol.  It is  
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not possible to have known the extent of phytol release from chlorophyll, and it was our 

intention to supply excess phytol to produce maximum levels of phytanic acid to both 

treatments.  Without increase of phytanic acid in response to increased available phytol, 

either from chlorophyll or phytol, we hypothesized that levels of phytol were not achieved 

that result in phytanic acid accumulation.       

       Not much is known about phytanic acid metabolism.  It has been established that 

increasing chlorophyll containing feedstuffs in the ruminants diet will increase phytanic acid 

metabolism, however, prior studies have only aimed to quantify the amount of phytanic acid 

present, not enhance the FAs production (Leiber et al., 2010; Jansen et al., 2006; Patton and 

Benson, 1966).  The majority of studies have measured phytanic acid in ruminant products, 

milk and cheese, with only one study published to date that measured phytanic acid in rumen 

fluid after administering 
14

C labeled perennial grass into the rumen of fistulated sheep (Vetter 

et al., 2010; Lough, 1964, Dawson et al., 1974).  Comparisons have been made regarding the 

amount of phytanic acid found in organic ruminant products as opposed to conventional 

ruminant products, with phytanic acid occurring at elevated rates in organic products (Vetter 

et al., 2010).  Increased phytanic acid production in organic products can be attributed to 

higher proportions of chlorophyll containing feedstuffs in the cows’ diet (Vetter et al., 2010; 

Hellgren, 2010).  This was the first experiment of its kind in which the objective was to 

specify substrate and conditions which result in maximal levels of phytanic acid.  
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Table 1.  Effect of chlorophyll and phytol on short chain fatty acids (SCFA), methane and pH after 0 h of fermentation in in vitro 

batch cultures of mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm               Contrasts      

  Hay FF 1000 2000 3000  1000  2000  3000     SE    H vs FF  H vs C      H vs P C vs P 

 

 
pH    6.25   6.40   6.27   6.25   6.28   6.20   6.27   6.28    0.04      0.02   0.72      1.00  0.62 

 

Methane 10.17 12.08   9.89 11.53 15.36 16.54 14.39 14.78    2.63      0.62  0.50      0.12  0.19 

  (nmol/ml) 

 

Total SCFA   0.91   0.02   0.07   0.11   0.11   0.21   2.71   0.77    0.93      0.51  0.46      0.77  0.15 

  (mM) 

 

Individual SCFA, mM 

 Acetate   0.77   0.00   0.00   0.00   0.00   0.00   2.20   0.63    0.79      0.50  0.41      0.85  0.16 

 Propionate   0.00   0.00   0.00   0.00   0.00   0.00   0.29   0.00    0.10      1.00  1.00      0.43  0.27 

 Isobutyrate   0.10   0.02   0.06   0.09   0.08   0.16   0.17   0.10    0.04      0.12  0.58      0.35  0.05 

 Butyrate   0.00   0.00   0.00   0.00   0.00   0.00   0.01   0.01    0.01      1.00  1.00      0.29  0.14 

 Isovalerate   0.03   0.00   0.01   0.02   0.02   0.04   0.03   0.02    0.02      0.32  0.56      0.97  0.45 

 Valerate   0.00   0.00   0.00   0.00   0.00   0.01   0.01   0.00    0.01      1.00  1.00      0.27  0.12  

 

mol, % 

 Acetate (A) 59.03   0.00   0.00   0.00   0.00   0.00 44.57 43.35     24.65      0.18  0.04      0.25  0.16 

 Propionate (P)   0.00   0.00   0.00   0.00   0.00   0.00   3.82   0.00    2.06      1.00  1.00      0.54  0.45 

 Isobutyrate 38.91 100.0 91.67 79.51 78.63 83.89 49.08 50.51     26.91      0.20  0.14      0.42  0.32 

 Butyrate   0.00   0.00   0.00   0.00   0.00   0.00   1.96   0.92    1.09      1.00  1.00      0.39  0.29 

 Isovalerate   2.06   0.00   8.33 20.49 21.37 13.25   0.43   5.22    6.38      0.85  0.05      0.51  0.06 

 Valerate   0.00   0.00   0.00   0.00   0.00   2.86   0.13   0.00    1.54      1.00  1.00      0.52  0.43 
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Table 2.  Effect of chlorophyll and phytol on short chain fatty acids (SCFA), methane and pH after 6 h of fermentation in in vitro 

batch culture of mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts     

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
pH    6.05   6.00   6.08   6.08   6.08   6.08   6.08   6.07    0.02      0.10   0.17      0.26  0.74 

 

Methane           686.57 34.43   596.97  573.57  456.97  625.50  683.87 688.70     58.83      0.0001 0.05      0.77  0.02 

  (nmol/ml) 

 

Total SCFA   32.61 21.11 30.84 30.03 33.81 30.16 36.16 32.28    2.60      0.004 0.71      0.93  0.57 

  (mM) 

 

Individual SCFA, mM 

 Acetate 20.77 14.67 19.37 18.47 21.41 19.21 22.93 20.24    1.79      0.02  0.60      0.99  0.51  

 Propionate   9.33   4.97   9.06   8.76   9.53   8.76 10.20   9.46    0.66      0.0002 0.76      0.85  0.54   

 Isobutyrate   0.19   0.09   0.20   0.24   0.18   0.19   0.28   0.18    0.05      0.12  0.72      0.61  0.81    

 Butyrate   1.95   1.21   1.74   1.72   2.06   1.68   2.16   1.93    0.16      0.004 0.55      0.90  0.57    

 Isovalerate   0.00   0.05   0.00   0.00   0.00   0.00   0.00   0.00    0.01       0.0002 0.79      0.72  0.87  

 Valerate   0.43   0.11   0.56   0.86   0.66   0.37   0.61   0.53    0.09      0.02  0.02      0.48  0.04  

 

mol, % 

 Acetate (A) 63.52 69.33 62.67 61.36 63.30 63.85 63.41 62.70    0.86      0.0001 0.26      0.85  0.25 

 Propionate (P) 28.83 23.66 29.37 29.29 28.22 28.91 28.21 29.33    0.76      0.0001 0.87      0.98  0.83 

 Isobutyrate   0.56   0.48   0.66   0.80   0.54   0.63   0.77   0.55    0.16      0.69  0.56      0.64  0.92 

 Butyrate   5.96   5.70   5.63   5.74   6.11   5.56   5.97   5.96    0.21      0.35  0.56      0.60  0.99  

 Isovalerate   0.01   0.28   0.00   0.00   0.01   0.00   0.00   0.00    0.06      0.002 0.90      0.87  0.95    

 Valerate   1.33   0.54   1.82   2.88   1.93   1.26   1.69   1.64    0.28      0.05  0.01      0.55  0.01 

 A:P    2.21   2.93   2.13   2.10   2.24   2.22   2.25   2.14    0.09      0.0001 0.61      0.95  0.59   
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Table 3.  Effect of chlorophyll and phytol on short chain fatty acids (SCFA), methane and pH after 12 h of fermentation in in vitro 

batch culture of mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts    

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
pH    5.93   6.12   5.93   5.90   5.95   5.85   5.83   5.92    0.04      0.004 0.90      0.16  0.07       

 

Methane           441.75   0.00   904.62    66.71  100.95    86.27  849.64 182.66  76.78      0.0007 0.34      0.42  0.82        

(nmol/ml) 

 

Total SCFA 44.29 34.67 42.67 47.13 46.58 49.94 52.16 43.81    2.56      0.02  0.70      0.16  0.15    

  (mM) 

 

Individual SCFA, mM 

 Acetate 27.31 22.41 25.85 27.99 27.35 29.87 32.75 25.51    1.86      0.08  0.91      0.35  0.15  

 Propionate 13.29   9.12 13.30 14.81 14.96 15.73 15.38 14.08    0.69      0.0006 0.20      0.04  0.23    

 Isobutyrate   0.15   0.17   0.13   0.18   0.18   0.12   0.18   0.19    0.03     0.59  0.66      0.70  0.94      

 Butyrate   2.81   2.49   2.75   3.36   3.24   3.55   3.10   3.24    0.19      0.24  0.19      0.04  0.26      

 Isovalerate   0.00   0.31   0.00   0.00   0.00   0.00   0.00   0.00    0.03      0.0001 1.00      1.00  1.00    

 Valerate   0.82   0.17   0.78   0.91   0.98   0.95   0.86   0.91    0.04      0.0001 0.15      0.09  0.68    

 

mol, % 

 Acetate (A) 61.64 64.61 60.62 59.19 58.72 59.73 62.71 58.18    1.13      0.08  0.12      0.29  0.46 

 Propionate (P) 30.05 26.33 31.16 31.55 32.11 31.51 29.55 32.17    0.77      0.004 0.10      0.26  0.41 

 Isobutyrate   0.34   0.49   0.30   0.39   0.39   0.25   0.35   0.43    0.08      0.17  0.78      0.94  0.78   

 Butyrate   6.32   7.19   6.45   7.18   6.59   7.13   5.93   7.41    0.31      0.06  0.14      0.17  0.89    

 Isovalerate   0.00   0.88   0.00   0.00   0.00   0.00   0.00   0.00    0.08      0.0001 1.00      1.00  1.00      

 Valerate   1.86   0.50   1.84   1.95   2.10   1.91   1.66   2.07    0.09      0.0001 0.35      0.86  0.28    

 A:P    2.06   2.46   1.95   1.89   1.83   1.90   2.13   1.81    0.09      0.004 0.12      0.28  0.46      

 

 

 



38 
 

Table 4.  Effect of chlorophyll and phytol on short chain fatty acids (SCFA), methane and pH after 24 h of fermentation in in vitro 

batch culture of mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts      

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
pH    5.65   6.22   5.60   5.62   5.67   5.73   5.63   5.67    0.09      0.0003 0.83      0.79  0.50            

 

Methane           361.65   0.00   808.94  635.70      0.00  1163.93  168.37   0.00   228.96      0.29  0.68      0.78  0.85 

 (nmol/ml) 

 

Total SCFA 64.96 58.11 68.00 66.59 65.59 64.85 65.12 60.24    2.51      0.07  0.55      0.60  0.12    

  (mM) 

 

Individual SCFA, mM 

 Acetate 34.62 22.23 37.91 37.52 34.53 37.48 34.65 30.72    2.35      0.0018 0.46      0.90  0.23  

 Propionate 23.28 15.98 24.24 23.07 24.13 21.57 23.88 22.04    0.75      0.0001 0.55      0.38  0.05    

 Isobutyrate   0.44   1.50   0.00   0.62   0.20   0.61   0.00   0.64    0.11      0.0001 0.19      0.84  0.11      

 Butyrate   4.91 13.24   4.37   4.01   5.09   3.79   4.96   5.10    0.30      0.0001 0.24      0.40  0.62      

 Isovalerate   0.00   1.34   0.00   0.00   0.00   0.00   0.00   0.00    0.01      0.0001 1.00      1.00  1.00      

 Valerate   1.81   3.82   1.67   1.53   1.82   1.53   1.80   1.86    0.10      0.0001 0.23      0.47  0.48   

    

mol, % 

 Acetate (A) 53.12 38.25 55.43 56.14 52.65 57.83 53.17 50.92    1.75      0.0001 0.43      0.68  0.60  

 Propionate (P) 35.90 27.49 35.82 34.73 36.78 33.23 36.70 36.64    1.01      0.0001 0.92      0.75  0.76  

 Isobutyrate   0.72   2.59   0.00   0.94   0.30   0.94   0.00   1.06    0.17      0.0001 0.13      0.79  0.08    

 Butyrate   7.62 22.79   6.53   6.10   7.76   5.83   7.63   8.48    0.60        0.0001 0.25      0.66  0.31    

 Isovalerate   0.00   2.30   0.00   0.00   0.00   0.00   0.00   0.00    0.01      0.0001 1.00      1.00  1.00   

Valerate   2.81   6.58   2.50   2.32   2.78   2.36   2.77   3.09    0.22      0.0001 0.28      0.78  0.26    

 A:P    1.48   1.39   1.56   1.62   1.43   1.76   1.45   1.39    0.10         0.52  0.62      0.65  0.9 
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Table 5.  Effect of chlorophyll and phytol on short chain fatty acids (SCFA), methane and pH after 48 h of fermentation in in vitro 

batch culture of mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts   

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
pH    5.45   5.88   5.48   5.48   5.40   5.47   5.45   5.42    0.03      0.001 0.88      0.88  0.67            

 

Methane           2159.6     0.00   2117.1  2329.3  2423.9  2175.7  2115.7   2196.16 116.11      0.0001 0.38      0.98  0.24   

 (nmol/ml) 

 

Total SCFA 78.14 72.25 74.56 70.30 76.55 76.74 74.58 80.81    2.97      0.18  0.22      0.83  0.16    

  (mM) 

 

Individual SCFA, mM 

 Acetate 43.79 24.39 37.13 34.24 41.55 42.35 43.90 48.19    3.93      0.003 0.19      0.82  0.04  

 Propionate 25.42 19.81 25.37 24.51 24.95 25.42 24.00 25.34    0.61      0.0001 0.48      0.49  0.99    

 Isobutyrate   0.14   1.14   0.27   0.16   0.54   0.01   0.00   0.02    0.09      0.0001 0.11      0.23  0.0008      

 Butyrate   6.78 18.56   8.21   7.95   6.75   6.48   4.95   5.26    1.04      0.0001 0.49      0.33  0.03      

 Isovalerate   0.03   1.86   0.18   0.18   0.14   0.00   0.00   0.02    1.03      0.0001 0.0003      0.52  0.0001      

 Valerate   2.37   6.49   3.39   3.33   2.71   2.49   1.88   2.01    0.50      0.0001 0.20      0.69  0.03    

       

mol, % 

 Acetate (A) 55.77 33.58 49.56 48.40 53.92 54.84 58.83 59.59    3.58      0.0005 0.23      0.64  0.03  

 Propionate (P) 32.63 27.44 34.11 34.93 32.56 33.25 32.22 31.38    1.15      0.01  0.36      0.79  0.11  

 Isobutyrate   0.20   1.59   0.35   0.24   0.71   0.01   0.00   0.02    0.14      0.0001 0.15      0.26  0.002      

 Butyrate     8.77 25.76 11.13 11.46   9.98   8.60   6.62   6.52    1.62      0.0001 0.36      0.43  0.03      

 Isovalerate   0.03   2.60   0.24   0.26   0.19   0.00   0.00   0.03    0.07      0.0001 0.02      0.74  0.0008    

 Valerate   3.08   9.03   4.60   4.81   3.62   3.62   2.53   2.50    0.79      0.0001 0.18      0.75  0.03    

 A:P    1.73   1.23   1.47   1.39   1.67   1.67   1.83   1.90    0.16      0.04  0.25      0.71  0.04 
 

 

 



40 
 

Table 6.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA) after 0 h of fermentation in in vitro batch cultures of 

mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts  

LCFA (mg)  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.00  0.00   0.00 0.00  0.00 0.00 0.00   0.00    0.00       0.00       0.00        0.00               0.00       

C12  0.00  0.00   0.00 0.00  0.00 0.00 0.00   0.00    0.00       0.00       0.00        0.00               0.00 

i14    0.12       0.04   0.05 0.05  0.12 0.10 0.10   0.08    0.03       0.07              0.14             0.40               0.37 

   

C14  0.36   0.44   0.70   0.70   0.45 0.58 0.64   0.68    0.11       0.62              0.11            0.08               0.86 

i15  0.08   0.04   0.02   0.06   0.05 0.04 0.04   0.12    0.02       0.14              0.15            0.61               0.20 

a15  0.00   0.00   0.04   0.05   0.06 0.02 0.03   0.04    0.02         1.00              0.02            0.15               0.20 

C15  0.00        0.00     0.00       0.00      0.00    0.02      0.00        0.01        0.00         1.00              1.00            0.14               0.05  

i16              0.00        0.00     0.00       0.00      0.00     0.00      0.00        0.01    0.00         1.00              1.00            0.14               0.05 

C16  1.54       0.55  0.90   0.74   1.37 0.87      0.88   1.46    0.34       0.04              0.15             0.21               0.80  

 

PA  0.05   0.06  0.08 0.06  0.07     0.09      0.07   0.10    0.02       0.78              0.42             0.13               0.28 

C18  1.23   0.72  0.84 0.66  1.17 1.02 0.83   1.17    0.30       0.21              0.30             0.51               0.63 

C18:1  0.32   0.04  0.19 0.13  0.26 0.20 0.20   0.29    0.10       0.07              0.23             0.39               0.65 

C18:2              0.00        0.21     0.00     0.00       0.01     0.02      0.09        0.09        0.05       0.01              0.95             0.26               0.09  

C18:3  0.04   0.09  0.02 0.02  0.00 0.04 0.01   0.01    0.02       0.08              0.32             0.53               0.63 

 

Other  0.17 0.16 0.24 0.23 0.21 0.19 0.20   0.56    0.07            0.84              0.45             0.06               0.10 

New Other        0.04     0.06      0.02      0.05       0.06      0.12       0.16        0.31    0.06            0.81              0.98             0.03               0.00 
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Table 7.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA) after 6 h of fermentation in in vitro batch cultures of 

mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts   

LCFA (mg) Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.01      0.00   0.02 0.00  0.00 0.01 0.01   0.00    0.01        0.71 0.95        0.95               1.00       

C12  0.03 0.00   0.05 0.03 0.03 0.03 0.05   0.03    0.01        0.17    0.63        0.77    0.79 

i14    0.08      0.05   0.02 0.04  0.02 0.03 0.05   0.00    0.03        0.48            0.15             0.14               1.00 

   

C14  0.55   0.31   0.59   0.57   0.49 0.58 0.62   0.38    0.12        0.18            0.98             0.84               0.82 

i15  0.08   0.06   0.05   0.06   0.05 0.07 0.08   0.08    0.02        0.34            0.10             0.69               0.10 

a15  0.05   0.04   0.03   0.04   0.03 0.05 0.07   0.06    0.01          0.38            0.15             0.59               0.02 

C15                    0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.00    0.00        0.00            0.00        0.00               0.00 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.02       0.01          1.00            1.00             0.28               0.18  

C16  0.80   0.43   0.32   0.68   0.45 0.60 0.72   0.75    0.19        0.19            0.15             0.58               0.21  

 

PA  0.05   0.05   0.04   0.04   0.03 0.04  0.05  0.01    0.02        0.97             0.52             0.46               0.92 

C18  1.11   0.35   0.47   0.89   0.64 0.84  1.06  0.90    0.24        0.05             0.12             0.50               0.21 

C18:1  0.24   0.08   0.11   0.22   0.15 0.17  0.24  0.19    0.06        0.09             0.26             0.59               0.41 

C18:2                 0.00   0.00   0.00   0.00   0.00 0.00  0.00  0.00        0.00        0.00             0.00         0.00               0.00       

C18:3  0.01   0.17   0.00   0.00  0.00 0.02  0.00  0.02    0.01        0.00             0.47             0.74               0.19 

 

Other  0.13  0.16  0.14   0.12  0.10 0.14  0.21  0.19    0.04            0.56             0.84             0.25               0.10 

New Other 0.05       0.06      0.03       0.09     0.04     0.09       0.18      0.24    0.03            0.75             0.94             0.00               0.00 
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Table 8.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA) after 12 h of fermentation in in vitro batch cultures of 

mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts  

LCFA (mg) Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

  

 
C10  0.00  0.00  0.00 0.00  0.01 0.00 0.00   0.00    0.00       1.00       0.33        0.75               0.34       

C12  0.04 0.03  0.07 0.02  0.03 0.05 0.04   0.05    0.02          0.91               0.77            0.58               

0.68 

i14    0.08       0.04  0.05 0.04  0.03 0.00 0.00   0.25    0.08       0.76              0.71            0.94               0.51 

   

C14  0.72   0.48   0.75   0.64   0.76 0.99 0.63   0.43    0.20            0.45              0.96            0.87               0.86 

i15  0.09   0.01   0.10   0.09   0.10 0.09 0.08   0.16    0.02       0.10              0.85            0.63               0.65 

a15  0.05   0.01   0.06   0.06   0.07 0.05      0.02   0.02    0.01            0.04              0.63            0.19               0.01 

C15                    0.00       0.00      0.00      0.00      0.00    0.00       0.00        0.01       0.00            1.00               0.52            0.34              0.59 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.02       0.00            1.00               1.00            0.36              0.17 

C16  0.80   0.26   1.17   1.16   1.21 0.56 0.78   1.42    0.33       0.30                0.36            0.79              0.34 

 

PA  0.05   0.04   0.08   0.05   0.07 0.00  0.05   0.06    0.01       0.32               0.29            0.18              0.00 

C18  1.09   0.21   1.41   1.42   1.66 0.83  1.11   1.66    0.38       0.17               0.40            0.82              0.37 

C18:1  0.19   0.10   0.34   0.32   0.34 0.19  0.18   0.32    0.06       0.37               0.09            0.60              0.08    

C18:2                 0.00   0.00   0.02   0.00   0.00 0.00  0.04   0.08       0.02       1.00        0.86         0.25              0.13       

C18:3  0.00   0.16   0.03   0.01   0.02 0.00  0.00   0.01       0.01       0.00               0.18            0.86              0.09 

 

Other  0.12      0.28   0.16   0.11   0.21 0.17 0.17   0.35    0.08       0.21               0.68            0.29              0.31 

New Other 0.03        0.00      0.04      0.05      0.05     0.14     0.15        0.44    0.04       0.59               0.77            0.00              0.00 
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Table 9.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA) after 24 h of fermentation in in vitro batch cultures of 

mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts    

LCFA (mg) Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.05  0.01   0.04 0.03  0.00 0.01 0.04   0.09    0.03       0.39       0.40        0.88               0.35       

C12  0.06 0.04 0.05 0.03 0.05 0.03 0.06   0.03    0.01       0.33               0.42            0.33               0.78 

i14    0.09       0.08   0.09   0.07  0.10 0.06 0.13   0.11    0.02       0.63              0.90            0.71               0.50 

   

C14  0.79   1.32   1.28   1.08   1.17 1.01 1.98   1.40    0.45       0.48              0.55            0.60               0.88 

i15  0.14   0.09   0.12   0.09   0.15 0.09 0.15   0.13    0.03       0.20              0.48            0.55               0.89 

a15  0.08   0.04   0.05   0.03   0.09 0.05 0.08   0.06    0.02         0.20              0.39            0.60               0.66 

C15  0.00        0.00      0.00      0.00      0.01    0.00      0.01        0.00       0.01         1.00               0.38             0.44              0.89 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.00       0.00         1.00               0.44            1.00              0.30 

C16  0.57   0.79   0.84   0.62   1.08 0.50 0.82   0.82    0.17       0.32                0.13            0.45              0.30 

 

PA  0.12   0.04   0.14   0.07  0.08 0.09  0.07   0.14    0.03       0.10               0.44            0.59              0.76 

C18  0.78   1.27   1.18   0.94  1.53 0.78  1.42   1.25    0.27       0.17               0.14            0.25              0.70 

C18:1  0.09   1.58   0.19   0.16  0.21 0.26  0.19   0.13    0.13       0.00                0.50            0.50              0.98 

C18:2  0.00        0.00      0.02      0.02     0.09      0.10      0.09        0.11    0.03       1.00               0.17            0.01              0.02 

C18:3  0.00   0.08   0.00   0.00  0.04  0.00  0.00   0.00    0.02       0.01               0.54            1.00              0.41 

 

Other  0.19   1.00   0.05   0.03 0.05 0.03 0.07   0.07    0.04       0.00               0.01            0.01              0.74 

New Other 0.03        0.11      0.05      0.02    0.06      0.02      0.07         0.09       0.03         0.04               0.68            0.36              0.47 
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Table 10.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA) after 48 h of fermentation in in vitro batch cultures of 

mixed ruminal microorganisms. 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts    

LCFA (mg) Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.00  0.01   0.00 0.05  0.03   0.00 0.04   0.02    0.02       0.78      0.23        0.32               0.75       

C12  0.00  0.01   0.01 0.06  0.02   0.03 0.01   0.01    0.01       0.93              0.40            0.72               0.49 

i14    0.11       0.50   0.05 0.09  0.06   0.07 0.11   0.16    0.12       0.03              0.73            0.99               0.62 

   

C14  1.92   1.27   1.92   2.36   1.96 1.45 1.38   1.15    0.53       0.35              0.78            0.30               0.08 

i15  0.17   0.15   0.12   0.00   0.12 0.08 0.13   0.10    0.06       0.78              0.24            0.39               0.63 

a15  0.10   0.07   0.09   0.08   0.05 0.09 0.10   0.10    0.03         0.68              0.66            0.99               0.52 

C15  0.00        0.00      0.00      0.01      0.00    0.01      0.01        0.01        0.00       1.00              0.45            0.33               0.76 

i16              0.00        0.01      0.00      0.00      0.00    0.01      0.01        0.01        0.01         0.21              1.00            0.30               0.15 

C16  0.98   1.09   0.80   0.97   0.65 0.81 0.92   0.96    0.29       0.80              0.61             0.80              0.72     

  

PA  0.08   0.05  0.08   0.14   0.08 0.08 0.10   0.07    0.03       0.52               0.52            0.90              0.47    

C18  1.55   2.42  1.28   1.91   1.04 1.23 1.40   1.28    0.45       0.19               0.79            0.64              0.78   

C18:1  0.13   1.57  0.12   0.10   0.11 0.11 0.16   0.11    0.09       0.00               0.86            0.96              0.86 

C18:2  0.06        0.02     0.02        0.03      0.06    0.00      0.00        0.06    0.02       0.27               0.43            0.16              0.38 

C18:3  0.00   0.00  0.00   0.00   0.00 0.00 0.00   0.00    0.00       0.00        0.00         0.00              0.00     

       

Other  0.14  0.08 0.21   0.34   0.16 0.23 0.32   0.25    0.07            0.61               0.29            0.18              0.67  

New Other 0.01       0.06     0.04        0.05      0.02    0.02      0.04        0.06        0.03            0.28               0.48           0.41              0.86 
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 Table 11.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA, as a % of total FA) after 0 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms 

     Chlorophyll, ppm         Phytol, ppm             Contrasts   

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.40  0.30   0.10 0.20  0.15 0.31 0.37   0.60    0.15       0.61       0.14        0.89               0.04       

C12  1.16  0.27   1.63 1.90  1.12 1.75 1.89   1.48    0.11       0.10       0.36        0.22               0.62 

i14    3.03       1.81   1.90 1.85  3.00 3.09 2.92   1.48    0.70       0.19              0.30            0.48               0.65 

   

C14  6.82   17.63   26.85   28.61   11.44 20.40 21.50   13.76    4.41       0.11              0.02            0.05               0.34 

i15  1.90   1.65   0.61   2.19   1.35 1.14 1.63   2.26    0.54       0.72              0.37            0.70               0.48 

a15  0.00   0.00   1.47   1.68   1.58 0.40 0.73   0.90    0.41            1.00              0.00            0.14               0.01 

C15  0.00        0.00     0.00       0.00      0.00    0.38      0.05        0.09        0.09            1.00              1.00            0.12               0.04  

i16              0.00        0.00     0.00       0.00      0.00     0.05     0.00        0.14    0.04            1.00              1.00            0.14                0.05 

C16  34.51       24.68  28.69   27.28   35.53  26.45  25.95  28.96    3.86       0.06              0.33             0.09               0.27  

 

PA  1.75   2.89  2.71 2.49  1.83     2.88      2.31   2.02    0.86       0.31              0.51             0.48               0.93 

C18  28.41  25.33  27.42 24.58  30.46 27.96 24.33  23.25    1.96       0.24              0.66             0.15               0.16 

C18:1  6.54   2.73  6.07 4.73  6.70 5.81 5.27  5.68    1.39       0.07              0.63             0.53               0.82 

C18:2              0.00        5.95     0.00     0.00       0.29     0.94      2.28        1.57    0.84       0.00              0.93            0.15                0.04  

C18:3  0.67   3.37  0.43 0.51  0.00 0.83 0.18   0.26    0.65       0.01              0.60             0.73               0.82 

 

Other  5.07 5.74    7.85 8.61 5.44 6.45 6.31 11.64       1.65            0.76              0.21             0.10               0.52 

New Other        1.15      2.75     0.44       1.88       1.44      2.94      4.28        5.92    1.18            0.31              0.94             0.03               0.01 
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Table 12. Effect of chlorophyll and phytol on long chain fatty acids (LCFA, as a % of total FA) after 6 h of fermentation in in vitro 

batch cultures of mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts   

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.17      0.12   1.07 0.06 0.06 0.36 0.19   0.05    0.35        0.92 0.59        0.94               0.55       

C12  0.95 0.26   2.46 1.20 1.64 1.16 1.41   0.96    0.42        0.27    0.10        0.62    0.12 

i14    2.50      2.78   0.99 1.16 1.19 0.82 1.09   0.00    0.85        0.83            0.16             0.06               0.52 

   

C14  19.08   17.33   31.09   20.76   24.04 22.30 19.23   14.17    4.32        0.78            0.22             0.91               0.09 

i15  2.75   3.51   2.52   2.22   2.56 2.56 2.52   2.71    0.23        0.04            0.25             0.56               0.42 

a15  1.64   2.03   1.40   1.32   1.53 1.70 2.11   2.04    0.23             0.27            0.39             0.25               0.02 

C15                    0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.00    0.00        0.00            0.00        0.00               0.00 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.62       0.17             1.00            1.00             0.28               0.18  

C16  24.40   24.36   17.27   24.34   21.97 22.37 20.80   25.36    2.39        0.99            0.25             0.55               0.43  

 

PA  1.69   2.78   2.20   1.16   1.41 1.40  1.46  0.42    0.79        0.35             0.92             0.49               0.47 

C18  34.34  20.02   25.66   32.04   31.59 30.80  30.68  31.06    2.36        0.00             0.11             0.19               0.60 

C18:1  6.52   4.41   6.26   7.87   7.24 6.52  7.22  6.24    1.29        0.19             0.92             0.82               0.68 

C18:2                 0.00   0.00   0.00   0.00   0.00 0.00  0.00  0.00    0.00        0.00             0.00         0.00               0.00       

C18:3  0.20   9.77   0.00   0.00  0.00 0.61  0.00  0.64    0.37        0.00             0.63             0.60               0.21 

 

Other  3.66  9.19  7.45   4.54  5.07 5.47  6.44  6.69    1.00          0.00             0.09             0.04                0.56 

New Other 1.63       3.45      1.63       3.32     1.78     3.95       5.26      9.03    1.15            0.29             0.64             0.00                0.00 
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Table 13. Effect of chlorophyll and phytol on long chain fatty acids (LCFA, as a % of total FA) after 12 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts   

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

  

 
C10  0.00  0.00  0.00 0.06  0.15 0.00 0.00   0.04    0.06       1.00       0.33        0.87               0.24       

C12  1.07  1.87  2.17 0.69  0.62 1.51 1.54   0.97    0.67          0.46  0.92            0.73               0.74 

i14    2.35       2.36  1.06 0.81  0.77 0.00 0.00   3.50    1.21       1.00              0.34            0.46               0.78 

   

C14  22.23   29.11   16.05   25.02   17.00 32.49 19.43   10.97    5.84         0.47              0.70            0.87               0.75 

i15  2.78   1.05   2.44   2.54   2.15 2.99 2.52   2.79    0.43       0.03              0.46            0.98               0.29 

a15  1.64   0.57   1.48   1.51   1.47 1.61      1.11   0.59    0.40          0.11             0.76            0.32               0.27 

C15                    0.00       0.00      0.18      0.23      0.00    0.00       0.00        0.24       0.14          1.00             0.44            0.66               0.63 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.23       0.06          1.00             1.00           0.36                0.17 

C16  24.61   16.12   27.62   27.86   27.14 17.98 23.46   25.41    3.57        0.15  0.51           0.62               0.10 

 

PA  1.64   2.26   2.00   1.60   1.60 0.17  1.63   1.23    0.45       0.39              0.86            0.30              0.08 

C18  33.38   12.88   32.90   34.57   35.57 26.96  33.36   31.58     4.05       0.01               0.85            0.60              0.30 

C18:1  5.79   6.44   7.95   8.64   7.17 6.04  5.81   6.51    0.89       0.65               0.08            0.76              0.04    

C18:2                 0.00   0.00   0.59   0.00   0.00 0.00  0.87   1.06       0.47       1.00        0.74         0.30              0.27       

C18:3  0.00   10.07   0.67   0.12   0.35 0.00  0.00   0.21       0.18       0.00               0.12            0.77              0.07 

 

Other  3.55      17.27   3.90   3.09   4.55  5.67 5.56   5.87       1.26       0.00               0.85            0.21              0.10 

New Other 0.96        0.00      1.01      1.14      1.05     4.58     4.71        8.80    0.69       0.39               0.90            0.00              0.00 
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Table 14.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA, as a % of total FA) after 24 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts    

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  1.04 0.19  0.96 1.09 0.00 0.29 1.11   2.51    0.94       0.48       0.72        0.80               0.40       

C12  1.23 0.59  1.09 0.91 1.09 0.84 1.18   0.71    0.33       0.14              0.56            0.37               0.64 

i14    2.10      1.53  2.35 2.06  2.27 1.96 2.69   2.86    0.36       0.30              0.59            0.23               0.33 

   

C14  35.23   18.59   28.85   34.80   24.63 34.03 21.58   31.24    7.37       0.19              0.58            0.56               0.93 

i15  2.93   1.75   2.94   2.80   3.26 2.92 2.96   3.18    0.42       0.04              0.88            0.85               0.95 

a15  1.67   0.72   1.39   1.37   1.87 1.76 1.63   1.60    0.57          0.21             0.83            1.00               0.78 

C15  0.00        0.00      0.06      0.05      0.29    0.00      0.23        0.10       0.12         1.00  0.32             0.42              0.81 

i16              0.00   0.00   0.00   0.00   0.00 0.00 0.00   0.00       0.06         1.00              0.44            1.00              0.30 

C16  13.55 14.98   21.48   19.05   23.10 16.75 17.20   20.37     2.87       0.70               0.02            0.15              0.18 

 

PA  2.78   0.61   3.60   2.18  1.62 3.08  1.67   3.86    0.99       0.11               0.76            0.93              0.60 

C18  22.83   24.33   29.36   28.20  32.32 24.52  33.00   31.16    3.44       0.77               0.11            0.14              0.89 

C18:1  2.20   29.61   5.04   5.38  4.56 8.64  4.59   2.92    2.12       0.00                0.22            0.18              0.81 

C18:2  0.00        0.00      0.39      0.40     1.84      3.44      2.03        2.41    0.59       1.00               0.17            0.00              0.00 

C18:3  0.00   1.14   0.00   0.00  0.75  0.00  0.00   0.00    0.30       0.01               0.44            1.00              0.29 

 

Other  3.76   14.18   1.34   0.93 1.05 1.01 1.67   1.60       0.85       0.00               0.01            0.02              0.63 

New Other 0.69        1.97      1.15      0.78    1.21      0.76      1.30        2.23        0.49         0.06               0.49            0.18              0.33 
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Table 15.  Effect of chlorophyll and phytol on long chain fatty acids (LCFA, as a % of total FA) after 48 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms 

 

     Chlorophyll, ppm         Phytol, ppm             Contrasts    

  Hay FF 1000 2000 3000  1000  2000  3000    SE    H vs FF  H vs C      H vs P C vs P 

 

 
C10  0.00  0.10   0.05 0.58  0.60   0.02 1.13   0.75    0.34       0.84      0.31        0.13               0.43       

C12  0.06  0.09   0.09 0.62  0.41   0.43 0.07   0.13    0.31       0.95              0.39            0.68               0.53 

i14    1.66       6.89   0.94 0.90  1.39   1.14 1.52   2.73    1.63       0.04              0.76            0.94               0.60 

   

C14  36.54   16.77   42.69   38.35   45.11 37.74 30.56   27.43    6.86       0.04              0.46            0.53               0.07 

i15  2.43   1.89   2.18   0.00   2.82 1.28 2.64   1.71    0.96       0.66              0.50            0.62               0.80 

a15  1.40   0.95   1.93   1.28   1.20 2.03 2.19   2.31    0.45          0.49              0.89            0.15               0.07 

C15  0.00        0.00      0.09      0.09      0.00    0.09      0.08        0.07        0.07       1.00              0.45            0.31               0.72 

i16              0.00        0.14      0.00      0.00      0.00    0.11      0.13        0.11        0.09          0.27             1.00             0.26               0.12 

C16  18.78   14.03   16.09   14.04   14.89 18.34 18.88   22.83    2.22       0.15              0.16             0.64              0.01     

  

PA  1.77   0.71  1.89   1.94   1.86 2.29 2.61   1.79    0.70       0.30               0.87            0.57              0.57    

C18  31.20   31.15  25.87   29.63   23.77 28.40 29.06   29.58    3.23       0.99               0.18            0.52              0.31  

C18:1  1.99   20.45  2.17   1.53   2.52 2.02 3.16   1.98    0.92       0.00               0.94            0.71              0.68 

C18:2  0.83        0.36     0.33       0.49      1.38    0.00      0.00        1.69    0.58       0.57               0.88            0.69              0.72 

C18:3  0.00   0.28  0.32   0.34   0.00 0.27 0.33   0.24    0.25       0.43        0.45         0.34              0.76     

       

Other  3.17  0.86 4.62   4.94   3.65 5.52 6.92   5.35    1.23          0.21               0.35            0.05              0.11  

New Other 0.19       0.76     0.75        0.70      0.40    0.33      0.71        1.30        0.45          0.39               0.43            0.27              0.66 
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CHAPTER 3 

Effect of High Levels of Phytol and Chlorophyll on Phytanic Acid Metabolism by Mixed 

Cultures of Rumen Microorganisms 

M.C. Cook, J. Odle, S.J. McLeod, and V. Fellner 

Department of Animal Science, North Carolina State University, Raleigh NC 27695-7621 

 

Introduction  

Obesity has become an epidemic across the United States.  The National Institute of 

Health reported that as of 2012 one third of the American population was classified as obese, 

with another one third being categorized as overweight.  Increased fat accumulation results in 

increasingly poor cardiovascular health, diabetes mellitus, metabolic syndrome, and as a 

result decreased life expectancy.  Phytanic acid is a known peroxisome proliferator-activated 

receptor-α (PPAR-α) and retinoid X Receptor (RXR) agonist.  RXR and PPAR-α aid in cell 

and lipid metabolism, being major substrate regulators skewing metabolism from glucose to 

lipid metabolism (Heim et al., 2002; Hellgren, 2010; Tang et al., 2007).  Phytanic acid can 

increase lipid metabolism and protein synthesis and decrease fat accumulation. 

Experiment one was conducted to determine conditions that optimize production of 

phytanic acid and to quantitate the amount of phytanic acid that was synthesized by rumen 

microbes under these conditions.   Treatments in experiment 1 including 3 levels of 

chlorophyll and phytol were designed to reflect levels of chlorophyll present in regular diets 

fed to ruminants.  Our results in experiment 1 did not support our hypothesis that as dietary  
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levels of chlorophyll and phytol increased, phytanic acid in rumen cultures would accumulate 

as has been previously reported (Lee et al., 2006; Hellgren, 2010).   Diets containing 

chlorophyll increase the amount of phytanic acid in dairy products (Vetter et al., 2010).  The 

lack of an increase in phytanic acid in experiment 1 may be due to several factors including 

level of chlorophyll and in vitro conditions.  Although the assumption that chlorophyll 

and(or) available phytol  were the limiting factors  ignores many other aspects of the 

chemical pathways that are taking place, the quantity of chlorophyll containing substances in 

the feed is among one of the only points in this pathway that can be managed by the farmer. 

We did not see any substantial accumulation in phytanic acid across the three levels 

of chlorophyll and phytol chosen in experiment 1.  Our conclusion was that perhaps the 

amounts selected were not high enough to elicit a response.  Hence, our major objective in 

experiment 2 was to determine if phytanic acid would accumulate in rumen cultures provided 

with very high levels of chlorophyll and phytol.      

Experimental Design 

 Experiment two included 9 dietary treatments, each treatment was fermented in 

triplicate and at two incubation times (0 and 24 hr.).  The 9 treatments were as follows (1) 

alfalfa + phytol (10,000 ppm) (8.5 mg), (2) alfalfa + phytol  (25,000 ppm) (21.3 mg), (3) 

alfalfa + phytol (50,000 ppm) (42.5 mg), (4) alfalfa + phytol emulsion (10,000 ppm) (20ul) , 

(5) alfalfa + phytol emulsion (25,000 ppm) (50 ul) , (6) alfalfa + phytol emulsion  (50,000 

ppm) (100 ul), (7) alfalfa + chlorophyll (10,000 ppm) (10 mg), (8) alfalfa + chlorophyll 

(25,000 ppm) (25 mg), and (9) alfalfa + chlorophyll (50,000 ppm) (50 mg).   Phytol was 

emulsified with Tween 80 (Fischer Scientific, Fair Lawn, New Jersey).  The hay sample was  
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prepared by blending alfalfa pellets in a bench top blender for 2 minutes to break pellets into 

a fine mix.   Phytol (3,7,11,15-Tetramethyl-2-hexadecen-1-ol; C20H40O; MW = 296.53 

g/mol)  was purchased from Indofine Chemical Company Inc., Hillsborough, New Jersey.  

Phytol, a colorless liquid, had a manufacture purity specified to range between 96.5% and 

98.3%.  Source of chlorophyll (C55H72MgN4O5; MW = 893.49 g/mol) was chlorophyllin 

(95.5%) (C34H31CuN4Na3O6; MW = 724.15 g/mol) a water soluble copper semi-synthetic 

derivative of chlorophyll and was purchased as a powder from MP Biomedicals, Solon, Ohio.  

Incubation periods were selected based on a study done by Dawson et al. (1974).   In that 

study they introduced 
14

C-labelled perennial rye grass directly into the rumen of fistulated 

sheep and reported an accumulation of phytanic acid by 6 hours.  

Methods 

 There were a total of 57 bottles used in experiment 2, including rumen blanks.  One 

gram of ground alfalfa hay and respective levels of chlorophyll were weighed into 

corresponding bottles 12-24 h prior to inoculation with rumen fluid.  Bottles were covered 

and kept at room temperature.  The day of the experiment, a 1:1 solution of tween 80(0.012 

mM): phytol solution was prepared by adding 2 ml of tween 80 to 2 ml of  phytol, thoroughly 

mixed with the aid of a magnetic stir bar at room temperature (Eid et al., 2012).   Emulsified 

phytol was included as a treatment in experiment 2 to determine whether solubility of phytol 

was a factor in the metabolism of phytol by rumen microbes.  Emulsified phytol treatments 

had the same amount of phytol in culture bottles as the three phytol treatments (8.5 mg, 21.3 

mg, and 42.5 mg), respectively.   
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On the day of the experiment, approximately 2-L of rumen fluid was collected from a 

non-lactating Holstein surgically fitted with a fistula.  The cow was maintained on a 

predominately 100% forage diet for 10 d prior to sampling.  Rumen fluid was placed in a pre-

heated insulated thermos, transported to the lab, and then strained into an Erlenmeyer flask 

through double layer cheesecloth.  Rumen inoculums were prepared with addition of 

artificial saliva buffer to the strained rumen fluid in a 2:1 ratio i.e.; 2 parts buffer to one part 

rumen fluid.  At this time respective amounts of the phytol and phytol emulsion treatments 

were added to incubation bottles.  After the addition of phytol and phytol emulsion 

treatments all bottles were purged with CO2 and 30 mL of rumen inoculum were added to the 

bottles.  The 0 h samples were immediately placed on ice to kill the microbes and halt the 

fermentation process; remaining samples were placed in a 39°C water bath for 24 h.  At the 

specified incubation time period, the bottles were taken out of the water bath, placed on ice, 

methane samples were taken, and then placed in the freezer until subsequent analysis.   

Analysis 

At the end of each time period respective bottles were placed on ice to inhibit further 

microbial activity.  Gas samples from headspace in incubation bottles were obtained to 

measure methane concentration, prior to be placed in the freezer.  Gas samples (10 uL) (in 

duplicate) were withdrawn with a gas tight syringe through the rubber septum prior to 

removal of bottle caps.  Samples were immediately analyzed for methane (CH4) using gas-

liquid chromatography (CP-3800, Varian, Walnut Creek, California) equipped with a 

Molsieve 5A 45/60 mesh stainless steel column (Supelco Inc., Bellefonte, Pennsylvania).   
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Once gas samples were measured, bottles were uncapped and pH was analyzed with a pH 

meter.  A 1 mL aliquot from each bottle was obtained for VFA analysis.  VFA analysis were 

conducted as follows: to precipitate the protein, 200 uL of MIS (metaphosphoric acid) was 

added to 1 mL of rumen fluid, centrifuged for 15 minutes at 353 g, and the supernatant 

placed in GC vials for subsequent GC analysis.  Separation of volatile fatty acids was 

achieved using a Nukol fused silica capillary column (30m x .25mm i.d. x .25 um film 

thickness; Supelco Inc., Bellefonte, PA), H2 as the carrier gas, and a flame-ionization detector 

(FID).  The Injector and FID were both set at 270° C.  The column was operated at 150°C + 

3°/ min to 170° C.   

 For long chain fatty acids a 10 mL aliquot was extracted and methylated, 

using the Vetter methylation procedure (Vetter et al., 2010) as described in experiment one 

preparatory analysis section with a few modifications as described below.  A 10 mL sample 

was taken from each bottle, placed in a Kimble Kimax 45153-15 glass conical bottom 50mL 

graduated centrifuge tube to which  200 uL of C19 standard (1 mg/mL), 3.5 mL of diH2O, 

and 1 mL of 6 N HCl were added and the tube was mixed.  This was followed by the addition 

of 30 mL of 1:1 CHCl3:MeOH  gently mixing by hand and centrifuged at a low speed, at 353 

g, for 10 minutes.  The bottom phase was transferred into pre-weighed tubes and 15 mL 

CHCl3 was added and the tubes were centrifuged at 353 g, for another 10 minutes.  The 

bottom phase was transferred using Pasteur pipettes to the first fraction and dried under N2 

gas.  After the samples were completely dried, the weight was recorded.  The modification to 

the Vetter methylation procedure was that the methylation tubes were kept on heat and ice 

for 5 minutes longer than was outlined by Vetter et al. (2010), thus tubes were heated and  
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cooled for 10 minutes.  Lipids were methylated (Vetter et al, 2010), and fatty acid methyl 

esters were analyzed using gas liquid chromatography (CP-3800, GC Varian, Walnut Creek, 

California).  Separation of the fatty acid methyl esters was achieved using a CP-Sil 88 

capillary column, fused silica 100 m X 0.25 mm.  The temperature program was modified 

slightly from Vetter et al. (2010) and the program used in experiment one to achieve greater 

peak separation.  Injector was set at 250°C and the FID was set at 260° C. The column was 

operated at 60°C hold 1 min, +10°/min to 140°C hold 1 min, +5°/min to 150°C hold 3 min, 

+0.5°/min to 170°C hold 1 min, +3°C/min to 200°C; for a total run time of 85 minutes.  

Peaks were identified using known FAME standards (Matreya Inc., Pennsylvania), and the 

peak of interest, phytanic acid, was identified based on retention times of phytanic acid 

standard determined in our preparatory work, as noted in experiment one.  Fatty acid 

concentrations were calculated by dividing the area under the corresponding FA peak by the 

sum of the areas under the total FA peaks.  The long chain fatty acid profile was analyzed 

slightly different than experiment one.  Major peaks were identified and quanitified based on 

C19, and internal standard.  Several unknown peaks were also identified and quantified.  The 

“other total” fraction included peaks that were present in the culture but did not elute close to 

the phytol peak hence we considered them not to be associated with added phytol.  The 

“other total” fraction consisted of two peaks that eluted before C12 and two peaks that eluted 

after C18:2.  Peaks that were thought to be associated with the standard phytol were labeled 

unidentified-n (U/I-n), with n corresponding to the order in which they eluted.  Phytanic acid, 

the peak of interest, was identified as PA.   PA-1 is the peak that eluted just prior to PA and 

PA-2 is the peak that eluted just following PA.  If we compare across the two experiments  
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i.e. 1 and 2, “other peaks” in experiment 1 corresponds to the peaks that are labeled U/I-n in 

experiment 2, while “other new peaks” from experiment one corresponds to the peaks 16:1, 

PA-1, PA-2 in experiment 2.   

Statistical Analysis     

 Statistical analysis of data was performed by analysis of variance for a randomized 

complete block design using the Proc Mixed procedure in SAS (SAS-institute, 1999).  Bottle 

was the experimental unit for batch culture data.  The model for repeated measures variables 

included treatment, bottle, and treatment x bottle.  Treatment effects were broken down into 

three contrasts; 1) Phytol (P) vs Chlorophyll (C), 2) P vs Emulsion (E), and 3) C vs E.  Time 

effects were analyzed within each treatment using analysis of variance for a randomized 

complete block design using Proc Mixed procedure in SAS.  Treatment effects were 

considered significant at p <0.05 with trends reported at p <0.10.         

Results  

 Culture pH dropped as one would expect, after 24 h of fermentation.  Culture pH 

across all treatments averaged 6.36 at time 0 h dropping to an average pH of 5.50 at 24 h 

(Tables 16 and 17).  Emulsified phytol was significantly lower from the phytol treatments 

(p<0.0632) at 24 h (Table 17).  As expected, methane increased from an average of 23.50 

mmol/ml at 0 hours to 695.10 mmol/ml at 24 hours (Tables 16 and 17) consistent with 

fermentation activity.  

Total short chain fatty acid production in all treatments was similar across both time 

periods.  Volatile fatty acid production is reported as Millimolar concentration (mM) and  



57 
 

molar percentages (mol %).    There was no effect (p>0.10) of treatment of acetate and 

propionate concentration.  Propionate production was similar amongst treatments at 24 hours 

(Table 17).  There were significant effects observed for butyrate, valerate, and the isoacids.  

Emulsified phytol increased isobutyrate (p<0.0061) when compared with either chlorophyll 

or phytol (Table 17).  Chlorophyll reduced isobutyrate, butyrate, and isovalerate, when 

compared with both phytol and emulsified phytol (Table 17). 

          Molar percentages at 24 h were similar to those observed for mM concentrations.  

Treatment had no effect on acetate and propionate whereas phytol and emulsified phytol both 

resulted in higher molar percentages of isobutyrate, butyrate, isovalerate, and valerate when 

compared to chlorophyll (Table17).  There were no major differences between the phytol and 

emulsified phytol treatments, with the exception of emulsified phytol which increased 

isobutyrate.  A: P ratios were similar amongst all treatments at 24 h.   

The amount (in mg) of LCFA’s at 24 h is shown in Table 19.  With the exception of 

U/I-5 (p<0.0529), phytol was higher in, C12 (p<0.0001), C16 (p<0.0001), 16:1 (p<0.0001), 

C18 (p<0.0067), U/I-1 (p<0.0001), U/I-3 (p<0.0121), U/I-4 (p<0.0001), and other total 

(p<0.0001) peaks when compared to chlorophyll treatments.  When phytol was compared to 

emulsified phytol treatments, the shorter LCFA’s C12 (p<0.0024), U/I-1 (p<0.0072), U/I-3 

(p<0.0468), and U/I-4 (p<0.0001) were increased with phytol;   whereas the longer LCFA’s 

PA (p<0.0110), C18:1 (p<0.0007), U/I-5 (p<0.0096), and other total (p<0.0092) were  

increased with emulsified phytol treatments (Table 19).  Emulsified phytol were greater in 

C12 (p<0.0163), C16 (p<0.0008), 16:1 (p<0.0001), PA (p<0.0026), C18 (p<0.0018), C18:1 

(p<0.0003), C18:2 (p<0.0524), U/I-1 (p<0.0433), and other total (p<0.0333) when compared  
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to chlorophyll treatments (Table 19).   

 Long chain fatty acids (as a % of total FA) at 24 h are shown in Table 21.  

Chlorophyll had lower percentages of C12 (p<0.0001, p<0.0074), and 16:1 (p<0.0001, 

p<0.0001), U/I-1 (p<0.0001, p<0.0033) and higher percentages of C14 (p<0.0001, 

p<0.0037), C16 (p<0.0699, p<0.0043), PA-1 (p<0.0001, p<0.0001), C18 (p<0.0001, 

p<0.0011), C18:2 (p<0.0001, p<0.0001), U/I-5 (p<0.0001, p<0.0001), and Other Total Peaks 

(p<0.0028, p<0.0169) when compared to phytol and emulsified phytol respectively.  When 

compared with chlorophyll, phytol had increased U/I-4 (p<0.0001) and lower C18:1 

(p<0.0001) (Table 21).  Phytol had increased percentages of C12 (p<0.0005), U/I-1 

(p<0.0014),U/I-3 (p<0.0241), and lower percentages of C14 (p<0.0632), PA (p<0.0066), C18 

(p<0.0618), C18:1 (p<0.0001), and C18:2 (p<0.0488) when compared to emulsified phytol at 

24 h (Table 21).       

 Linear and quadratic trends at 24 h within treatments (chlorophyll, phytol, and 

emulsified phytol) were assessed on Table 19.  Chlorophyll exhibited a negative linear 

response in 16:1(p<0.06), a quadratic response (p<0.08) was observed in the phytanic acid 

peak, and a positive linear response in U/I-2 (p<0.07) at 24 hours.   Phytol treatments yielded 

positive linear responses in, C12 (p<0.06), 16:1 (p<0.003), C18:2 (p<0.02), and U/I-1 

(p<0.03) at 24 hours.  Positive linear responses were seen in the phytol emulsion treatments 

with respect to C12 (p<0.07), 16:1 (p<0.04), U/I-1 (p<0.07); and a linear and quadratic 

response were seen in U/I-4 (p<0.02, p<0.08).    
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Discussion 

 Experiment two was designed to address levels of chlorophyll and/or phytol 

that would maximize phytanic acid concentration in ruminant products.  Levels chosen were 

representative of supraphysiologic amounts of both chlorophyll and phytol substrates.  Both 

chlorophyll and phytol are naturally found in forage based feeds, and it is assumed that 

solubility is a prerequisite to microbial degradation. We included the phytol as an emulsion 

to assess the effect of phytol solubility when present as the free oil and as an emulsified 

substrate.  Phytol is an acyclic diterpene alcohol, which is a constituent of chlorophyll.  Gut 

microbes are responsible for breaking the bond chlorophyll and its phytol side chain, 

resulting in free phytol in the rumen which is then converted to phytanic acid.  Presence of 

free phytol circumvents the initial step of phytanic acid release from chlorophyll and would 

presumably increase the rate of phytanic acid accumulation.  Phytol, as previously 

mentioned, is nearly insoluble, having a water solubility value of 1.100 x 10
-4 

g/l.  Based on 

results from experiment one, phytanic acid was produced at very low quantities for both 

chlorophyll and phytol treatments.  Given such low amounts of phytanic acid in the cultures 

it was difficult to assess the ability of rumen microbes to convert phytol to phytanic acid.  

Tween 80, composed of polyethoxylated sorbitan and oleic acid, was chosen as the 

emulsifying agent to address the issue of phytol solubility.  Significantly higher levels of 

phytanic acid in the phytol emulsion when compared to both chlorophyll and phytol indicate 

greater solubility and hence better utilization of phytol substrate to phytanic acid by gut 

microbes.       

Supraphysiological doses of chlorophyll and phytol treatments (10,000 ppm, 25,000  
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ppm, and 50,000 ppm) did not seem to have a negative effect on microbial fermentation as 

we had expected.  The fermentation activity including methane concentration suggested that 

the microbes were able to utilize such high levels of chlorophyll and phytol.   In fact, when 

comparing fermentation parameters of experiment one and experiment two, and accounting 

for the rumen fluid controls, it was evident that microbial activity was more vigorous in 

experiment two.  Similar total SCFA production suggests that the microbial population 

showed no partiality to the three treatments, chlorophyll, phytol, or the phytol emulsion.  

Although phytanic acid was increased with phytol emulsion, suggesting increased solubility, 

similar total SCFA would indicate that solubility was not an issue, being that depressed 

SCFA and/or methane production would have been expected indicating poor fermentation 

and lack of substrate availability.  Distribution of these SCFA were significantly different in 

chlorophyll when compared to both phytol and phytol emulsion, corroborating results from 

experiment one that chlorophyll and phytol treatments support differing microbial profiles.  

Levels of isobutyrate, butyrate, isovalerate, and valerate were significantly higher for 

both the phytol and phytol emulsion treatment groups at 24 h.  As was discussed in 

experiment one, increased levels of isobutyrate or isovalerate have been shown to increase 

proportions of branched chain-fatty acids, such as phytanic acid (Kaneda, 1965).   

Significantly increased levels of isobutyrate and isovalerate were seen in the phytol 

containing treatments with respect to the chlorophyll containing treatment in the 24 hour time 

period, phytol emulsion was significantly greater in concentration of isobutyrate when 

compared to the phytol treatment.  A significant difference in phytanic acid was not observed 

between phytol and chlorophyll, although phytol exhibited greater levels of both iso acid  



61 
 

indicators, isobutyrate and isovalerate.  It can therefore be suggested that isobutyrate levels 

may be more closely linked to phytanic acid production, being that without a significant 

difference in isovalerate when contrasting phytol and phytol emulsion, and significantly more 

isobutyrate than phytol, phytol emulsion produced significantly more phytanic acid.    

 Increased C18’s in the emulsion treatment can be attributed to the breakdown of the 

Tween 80, a large constituent of the non-ionic surfactant being oleic acid which has an 18 

carbon backbone.  The phytol treatment exhibited a different pattern when compared to 

chlorophyll and emulsified phytol treatments at 24 h, in that concentrations and percentages 

of U/I-1, C12, and U/I-3 increased rather than decreasing along with the other treatments.    

Increased smaller chains indicate lipolysis within the culture.  With disregard for chlorophyll, 

being that is did not produce the quantity of fat produced by both phytol and the phytol 

emulsification treatments, opposite trends within the smaller unidentified peaks can be 

explained by significantly different peaks between the C14 and U/I-6 region of the 

chromatogram at 24 h.  Although emulsified phytol had less of the smaller LCFA (U/I-1-U/I-

3), higher quantities of C14 and U/I-5 were observed, suggesting that Tween 80 could have 

slowed the lipolysis reactions down in comparison to the phytol treatments.  Tween 80 is 

known to increase enzyme activity in in vitro fermentation and increase bacterial digestion of 

cellulose (Stutzenberger, 1987; Helle et al., 1993).  If Tween 80 increased bacterial digestion 

of cellulose, increasing the amount of VFA’s available for system utilization, there is less a 

need for lipolysis of fatty acids to meet energy needs of the microbial community, explaining 

lower quantities of U/I-1, C12, and U/I-3 seen at 24 hours for the emulsified phytol 

treatments. 
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 As was stated earlier, phytol emulsion increased levels of phytanic acid when 

compared to both the chlorophyll and phytol treatments.  This could be attributed to one of 

two explanations.  Tween 80 could be responsible for the increased phytanic production due 

to improving fermentation capabilities in batch culture bottles; however, one would expect to 

see increases in more than one or two peaks, as was observed (Stutzenberger, 1987; Helle et 

al., 1993).  Perhaps a more plausible story can be seen in the production of the smaller 

LCFA’s, which are inhibitory to branched chain fatty acids such as phytanic acid (Kaneda, 

1965).  Phytol increased production of these inhibitory LCFA, possibly inhibiting production 

of phytanic acid.   

 Significant linear responses were not seen for phytanic acid within treatments; 

however, the peak before phytanic acid, PA-1 increased from the lower to middle dose with 

the phytol emulsion, and decreased from the middle to the high dose at 24 hours.  This could 

potentially lead to the conclusion that the optimal dose of phytol to achieve maximum 

phytanic acid is somewhere between 10,000 ppm and 50,000 ppm of emulsified phytol.  

However, upon comparing phytanic acid levels of experiment one and two doses of 

chlorophyll and phytol in experiment one yielded very similar results to quantities of  

phytanic acid produced from the supraphysiological doses in experiment two.  Phytanic acid 

levels did increase more dramatically in experiment two, starting at very low quantities of 

0.01 mg to 0.02 mg and ending with an average of 0.075 mg for the top producing phytol 

emulsion treatment.  Experiment one yielded slightly higher maximum phytanic results 

averaging 0.083 mg over all nine treatments, with the initial phytanic acid at 0 hour 

averaging 0.06 mg over nine treatments.  The discrepancy between initial phytanic acid 
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levels can be addressed due to different time periods when the rumen fluid was collected.  

Experiment one was collected when pasture was more lush, most likely being higher in 

chlorophyll content, compared with when rumen fluid was collected for experiment two.   

 This is the first study of its kind to look at phytanic acid levels in the rumen fluid.  

Previous studies have analyzed phytanic acid in milk samples.  Ackman and Hansen (1967) 

reported that although phytanic acid can constitute up to 10 % of serum lipids, although 

variable, the levels in other lipids are normally between 0.01- 0.2% of total fatty acids.  The 

findings from these two studies corroborate Ackman and Hansen’s (1967) findings, phytanic 

acid averaging 0.26 % across all treatments.  Studies have shown that upon maintaining cows 

on a pasture based diet, phytanic acid levels increase with increasing chlorophyll intake, 

levels reaching 0.45 % to 0.50 % of the total fatty acids found in milk (Leiber et al., 2005; 

Lough, 1977).  When comparing phytanic acid levels from experiment one and two (in vitro), 

to reported results found in milk, fatty acids that are produced that would normally be 

utilized by the cow to meet energy needs  have nowhere to go in a batch culture bottle.  Thus, 

with increased VFA’s in the mix, it may be a probable statement that the 0.50% of the total 

fatty acids could fall closer to the levels seen in experiment one and two.   

 To further validate our results, Schroder et al. (2011) did a study looking to name 

phytanic acid as a potential quantitative measurement when labeling organic products.  

Phytanic acid levels were required to constitute 200 mg/ 100 g of lipids, for the organic milk 

to be authenticated (Vetter et al., 2010).  Culture bottles for experiment one and two were 

relatively small, 30 ml of rumen fluid was allowed to ferment, and then only a 10 ml aliquot 

was taken out to be extracted and methylated.  Total lipid extract averaged substantially 
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below one gram, thus the low phytanic acid levels make sense.  Upon using the criteria of 

200 mg/ 100g, and dividing the mg quantities achieved of phytanic acid production by the 

total number of grams extracted, phytanic acid production was very similar to the findings of 

Schroder and Vetter (2010).   Although Schroder and Vetter (2010) were observing phytanic 

acid levels in various milk products; it has been observed that the fatty acid profile seen the 

rumen is very similar to that seen in milk and plasma (Thanasak et al., 2010); therefore, we 

can speculate that the phytanic acid levels found in rumen fluid would be similar to that 

found in milk.  When comparing the treatments, phytol and chlorophyll at 3000 ppm 

produced quantities slightly lower than desired about 160 mg/ 100 g of lipids, illuminating 

the need for higher quantities of phytol and/or chlorophyll.  Upon comparing the percentage 

of total fat within the phytol emulsion treatments at 24 hour, it becomes apparent that the 

phytol emulsion at 25,000 ppm yields the maximum percentage of phytanic acid.  

 To make 25,000 ppm of emulsified phytol practical, it is pertinent to look at the 

chlorophyll content in the cow’s diet, which will most likely vary with season, ration, and 

forage quality.  The average chlorophyll content of silages is approximately 2.5 g/kg of DM 

(Lee et al., 2006).  Cattle need to eat approximately 2-2.5 % of their body weight in dry 

matter; a 1200 lb. heifer would need approximately 30 lbs. of DM or 13.6 kg DM.   

According to Lee et al (2006), a heifer eating 13.6 kg of DM of forage would take in 

approximately 27.3 g of chlorophyll, which would be approximately 27,000 ppm.   It would 

seem that pasture based dairy systems in which the herd’s diet consist of mostly pasture 

would take in the adequate amount of chlorophyll to achieve desired amounts of phytanic 

acid.  This; however, is not emulsified phytol. Further feed studies would need to be done  
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fully understand the metabolism of chlorophyll and phytol in the rumen to better understand 

how to get the effects of the emulsified phytol that were seen in in vitro studies.  Adding an 

emulsifying agent or a feedstuff that acts as an emulsifying agent, into the herds feed or 

water source, could be a possible solution; however, the cost and profit margin of this would 

need to be accessed.  

 

 

 

 

 

 

 

 

 

 

 

 

 



66 
 

Literature Cited 

Ackman R.G. and R. P. Hansen. 1967.  The occurrence of diastereomers of phytanic and  

 pristanic acids and their determination by gas-liquid chromatography. Lipids. 2: 357- 

 362. 

Dawson, R.M.C. and N. Hemington. 1974. Digestion of grass lipids and pigments in the  

            sheep rumen. The British Journal of Nutrition. 32: 327–340. 

Eid, A.M.M., S.H. Baie, and O.M. Arafat.  2012.  The effect of surfactant blends on the  

            production of self-emulsifying system.  International Journal of Pharmaceutical  

            Frontier Research 2(2): 21-31.     

Heim, M., J. Johnson, F.  Boess , B. Igor, P. Weber,  W. Hunziker, and B. Fluhmann. 2002.  

 Phytanic acid, a natural peroxisome proliferator-activated receptor (PPAR) agonist,  

 regulates glucose metabolism in rat primary hepatocytes.  The FASEB Journal.  16: 

 718-720.   

Helle, S.S., S.J.B. Duff, and D.G. Cooper.  1993.  Effect of surfactants on cellulose  

            hydrolysis. Biotechnol. Bio. Eng. 42(5):611–617. 

Hellgren, L.  2010.  Phytanic Acid- an overlooked  bioactive fatty acid  in dairy fat?  Annuals 

            of the New York Academy of Sciences.  1190: 42-49.  

Kaneda, T.  1965.  Biosythesis of branched-chain fatty acids IV. Factors affecting relative  

            abundance of  fatty acids produced by Bacillus Subtilis. Canadian journal of  

            microbiology. 12: 501-514.   

 

 

 



67 
 

Lee, M.R.F., P.L. Connelly, J.K.L.  Weed, R.J. Dewhurst, R. J. Merry, and N.D. Scollan.   

            2006. Effects of high=sugar ryegrass silage and mixtures with red clover silage on  

           ruminant digestion.  Lipids. J. Anim. Sci. 84:3061-3070. 

Leiber, F., R.  Hochstrasser, H.R. Wettstein, and M. Kruezer.  2010.  Feeding transition cows  

            with oilseeds: Effects on fatty acid composition of adipose tissue, colostrum and  

            milk.Livestock Science. 3:112-114.   

Lough, A.K.  1964.  Journal of Biochemistry.  91: 584-588.  

Lough, A.K. 1977.  Phytanic acid content of lipids of bovine tissues and milk.  Lipids. 12:  

            115- 119.   

Samková, E., M. Pešek, J. Špička, T.  Pelikánová, and 0. Hanuš.  2009. The effect of feeding 

            diets markedly differing in the proportion of grass and maize silages on bovine milk 

            fat composition. Czech Journal of Animal Science. 54: 93–100. 

Schroder, M., and W. Vetter.  2011. GC/EI-MS determination of the diastereomer  

            distribution of phytanic acid in food samples.  J. Am. Oil Chem. Soc. 88: 341-349. 

Stutzenberger, F. J.  1 987.  Inducible  thermoalkalophilic poly- galacturonate  lyase  from  

 Thermomonospora  fusca.  J.  Bacteriol. 169: 2774-2780. 

Tang , X.H., M.J. Suh, R. Li, and L. J. Gudus.  2007.  Cell proliferation inhibition and  

 alterations in retinal esterification induced by phytanic acid and decosahexaoenoic 

 acid.  Journal of Lipid Research. 48: 165-176.  

Thanasak, J., S. Jittakhot, S. Kosulwat, and T. Rukkwamsuk. 2010.  Fatty acid profile of  

 ruminal fluid, plasma, and milk fat of dairy cows fed soybean and sunflower oil-rich  

 diets, without effects on milk production.  Nat. Sci. 44: 837-849. 

 



68 
 

Vetter, W., and M. Schroder.  2010.  Concentrations of phytanic acid and pristanic acid are 

             higher in organic than conventional dairy products form the German market. Food  

            Chemistry. 119 (2):746-7



69 
 

Table 16.  Effect of chlorophyll, phytol, phytol emulsion on short chain fatty acids (SCFA), methane and pH after 0 h of 

fermentation in in vitro batch cultures of mixed ruminal microorganisms        

    

      Chlorophyll, ppm               Phytol, ppm          Emulsion, ppm         SE         Contrasts  

  10000 25000 50000     10000 25000 50000   10000 25000 50000                                P vs C     P vs E     C vs E 

 
pH      6.43    6.28    6.38        6.23    6.37    6.42        6.40    6.37    6.42    0.03            0.0138     0.0222     0.8227 

 

Methane   22.84  29.61  26.63      22.30  19.37  17.93    22.94  22.70  27.16    1.92         0.0006     0.0116     0.1981   

  (nmol/ml) 

 

Total SCFA   36.52   24.53  32.06         32.95   36.04   34.51     33.60   37.86  38.36   2.77        0.1431    0.3630    0.0240 

  (mM) 

 

Individual SCFA, 

(mM) 

 Acetate  27.61  18.83  24.32            24.45  26.53  25.95      25.21  28.37  28.83    2.03             0.2302     0.2847    0.0307  

 Propionate    5.29    3.17    4.48        5.03    5.68   5.06         4.99    5.71    5.78    0.50          0.0327     0.5707    0.0097 

 Isobutyrate    0.00    0.00    0.00              0.00    0.00   0.00         0.00    0.00    0.00                     0.00             0.0000     0.0000    0.0000                  

 Butyrate    3.46    2.45    3.14              3.29    3.62   3.30         3.25    3.61    3.60     0.25           0.0673     0.6968    0.0308 

 Isovalerate    0.18    0.12    0.13        0.18    0.22  0.19      0.17   0.17     0.16    0.03          0.0175     0.1389    0.2704 

 Valerate    1.69    1.50    1.46        1.62    1.97  2.06          1.95   1.98      2.23    0.20          0.0501     0.3000    0.0053 

 

mol, % 

 Acetate (A)  75.59  77.68  75.92            74.19  73.58  75.19      75.10  74.91  75.15    0.97             0.0171     0.3675    0.1059          

 Propionate (P)  14.46  12.18  13.90       15.23  15.76  14.67      14.75  15.09  15.05    0.73          0.0105     0.6735    0.0259 

 Isobutyrate    0.00    0.00    0.00              0.00    0.00   0.00         0.00    0.00    0.00                     0.00             0.0000     0.0000    0.0000  

 Butyrate    9.48   9.88    9.78       10.05  10.06   9.58        9.68   9.56    9.39    0.30             0.4707     0.1665    0.4899 

 Isovalerate    0.47  0.40     0.40          0.53    0.60   0.55        0.48   0.44    0.41    0.05          0.0018     0.0047    0.5833   

 Valerate     0.00    0.00    0.00              0.00    0.00   0.00         0.00    0.00    0.00                     0.00             0.0000     0.0000    0.0000 

 A:P       5.23   6.94   5.48         4.87   4.67  5.12          5.10   4.97   4.99     0.56             0.0440    0.7833    0.0755 
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 Table 17.  Effect of chlorophyll, phytol , and phytol emulsion  on  short chain fatty acids (SCFA), methane and pH after 24 h of 

fermentation in in vitro batch cultures of mixed ruminal microorganisms        

    

    Chlorophyll, ppm            Phytol, ppm             Emulsion, ppm      SE         Contrasts  

  10000 25000 50000     10000 25000 50000   10000 25000 50000                               P vs C     P vs E     C vs E 

 
pH     5.52     5.47     5.50        5.63    5.48     5.48     5.48   5.50     5.47     0.03         0.1410     0.0632     0.6652 

 

Methane 1040.27 1199.76 571.80    482.42  530.31  582.84  608.72  628.36  611.44 327.53        0.1469     0.7562     0.2454   

  (nmol/ml) 

 

Total SCFA  121.74   118.53  120.71  110.61  118.94  121.91   117.02  125.46  138.40      9.83        0.6971     0.2375    0.4194 

  (mM) 

 

Individual SCFA, 

(mM)   

 Acetate 75.58   73.71   67.63         67.63   72.02   74.04     70.62   76.66  84.35     7.29            0.6219    0.3287     0.6217 

 Propionate 34.54   34.36   36.55    31.48   34.26   34.80     33.64   35.55  39.47    2.32         0.4005    0.1714     0.5801  

 Isobutyrate   0.02     0.02     0.02      0.03     0.06     0.07       0.09     0.20    0.05    0.01         0.0362    0.0061     0.0004 

 Butyrate   9.53     8.66     9.02      9.49   10.23   10.52     10.33   10.75   11.76    0.65            0.0724    0.1188     0.0023 

 Isovalerate   0.39     0.31     0.31           0.40     0.47      0.46       0.46    0.48     0.55    0.05         0.0380    0.2059     0.0023 

 Valerate   0.00     0.00     0.00           0.00     0.00      0.00       0.00    0.00     0.00    0.00           0.0000    0.0000     0.0000  

 

mol, % 

 Acetate (A) 62.05   62.18   60.77      61.05  60.32  60.70       59.98  60.60  60.88    1.36         0.3934   0.8555     0.3035 

 Propionate (P) 28.39   29.00   30.28       28.50  28.90  28.57       28.90  28.55  28.54    0.62         0.2729   0.9844     0.2811 

 Isobutyrate    0.01    0.02     0.01        0.02    0.04    0.05        0.06    0.11    0.04    0.01         0.0812    0.0495    0.0029 

 Butyrate    7.84    7.29     7.48             8.62    8.71    8.64        9.00    8.82    8.53    0.64            0.0452    0.8139    0.0279 

 Isovalerate    0.32    0.26     0.26        0.36    0.37   0.38         0.39    0.37    0.39    0.03         0.0024    0.4849    0.0005  

 Valerate              1.39    1.26     1.21              1.47    1.68   1.70         1.71    1.62    1.62    0.19         0.0501    0.8344    0.0328 

 A:P     2.19    2.15     2.01        2.15   2.09    2.13       2.08   2.12    2.14    0.09         0.9307    0.9192    0.9884    
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Table 18.  Effect of chlorophyll , phytol, and phytol emulsion on  long chain fatty acids (LCFA) after 0 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms            

  

   Chlorophyll, ppm             Phytol, ppm             Emulsion, ppm   SE    Contrasts  

LCFA (mg)     10000 25000 50000      10000 25000 50000     10000 25000 50000    P vs C     P vs E     C vs E 

  

U/I-1   0.02    0.00    0.03   0.36    0.80     1.17     0.59    1.03   1.25             0.17  0.0001     0.2128    0.0001 

C12   0.00    0.04    0.00   0.39    1.01     1.13     0.49    0.66   0.93  0.16  0.0001     0.2749    0.0001  

U/I-2   0.03    0.26    0.23   0.28    0.30     0.07        0.15    0.12   0.21  0.10  0.6366     0.5314    0.8877 

U/I-3   0.37    0.16    0.30   0.48    0.56     0.80     0.59    0.76   0.43  0.12  0.0036     0.8372    0.0057 

 

C14   0.67    0.71    0.98        1.34    1.14     1.92        1.45    1.53   0.91  0.29  0.0092     0.4750    0.0420 

U/I-4   0.07    0.08    0.12        0.15    0.33     0.38     0.10    0.04   1.56  0.21  0.2770     0.1265    0.0139 

U/I-5   0.00    0.00    0.00   0.00    0.00     0.03        0.00    0.00   0.00  0.01  0.2365     0.2365    1.0000 

U/I-6   0.00    0.00    0.00        0.00    0.00     0.00        0.00    0.05   0.04  0.21  1.0000     0.1023    0.1023 

 

C16  2.98     2.90    2.53        5.46    6.29     6.19        4.78    4.68   5.72  0.56  0.0001     0.0591    0.0001 

16:1  0.48 0.34    0.25   3.40  5.82     7.23     2.38    3.39   5.77  0.62  0.0001     0.0046    0.0001 

 

PA1  0.04     0.04    0.03   0.04    0.02     0.04        0.05    0.19   0.02  0.05  0.9167     0.2103    0.2483 

PA  0.02     0.00    0.02   0.02    0.01     0.01     0.02    0.02   0.01  0.01  0.7819     0.4914    0.6784 

PA2  0.03     0.02    0.04        0.03    0.01     0.02        0.02    0.02   0.03  0.01  0.4217     0.7614    0.6136 

 

C18  1.88     1.93    1.70        2.50   2.44      2.17        2.61    2.30   3.61  0.31  0.0470     0.0795    0.0009 

C18:1  2.33 2.10    1.91        2.93   2.42      1.86        5.08    6.03   6.61  0.70  0.6192     0.0001    0.0001 

C18:2
 

 0.77     0.72    0.70        0.99   0.82      0.63        1.02    0.92   0.95  0.11  0.3889     0.1173    0.0210 

 

Other total
    

    0.31     0.28    0.41        0.68   0.93     1.11     0.87    1.06   1.16  0.16  0.0767     0.0999    0.0218 
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Table 19.  Effect of chlorophyll, phytol, and phytol emulsion on long chain fatty acids (LCFA) after 24 h of fermentation in in 

vitro batch cultures of mixed ruminal microorganisms 

              

       Chlorophyll, ppm                      Phytol, ppm                    Emulsion, ppm             SE              Contrasts  

 LCFA(mg)10000 25000 50000  L/Q   10000 25000 50000   L/Q   10000 25000 50000     L/Q   P vs C     P vs E     C vs E 

 
U/I-1     0.01    0.00    0.00           0.59    1.77     1.77   L(0.03)     0.56     0.52   0.69     L(0.07)     0.35 0.0001     0.0072    0.0433 

C12     0.03    0.03    0.04             0.58    0.84     1.64   L(0.06)    0.27     0.44   0.69     L(0.07)     0.21 0.0001     0.0024    0.0163 

U/I-2       0.04    0.10    0.09 L(0.07)  0.12    0.33     0.15             0.26     0.11   0.20           0.11 0.1683     0.8957    0.2073 

U/I-3       0.15    0.23    0.29           0.40    0.69     0.96          0.34     0.38   0.32           0.21 0.0121     0.0468    0.4624 

 

C14     1.54    2.25    3.17           2.66    3.68     1.47                  3.40     3.07   3.33           0.74 0.6257     0.2360    0.1118 

U/I-4     0.00    0.00    0.00           0.28    0.86     2.84                  0.00     0.00   0.00 LQ(0.02;0.08) 0.28 0.0001     0.0001    1.0000 

U/I-5     0.14    0.26    0.27             0.00    0.10     0.31                  0.27     0.24   0.24           0.05 0.0529     0.0096    0.4811 

U/I-6       0.00    0.00    0.00             0.00    0.00     0.00                  0.00     0.00   0.00            0.00 0.0000     0.0000    0.0000 

 

C16     1.68    3.03    2.68             3.95     4.45     5.71                 3.56     4.00   5.42           0.60 0.0001     0.4052    0.0008 

16:1     0.21    0.15    0.04 L(0.06)  1.64     2.52     6.73   L(0.003)  1.20     2.52   5.76     L(0.04)    0.52 0.0001     0.2278    0.0001 

 

PA1     0.04     0.06    0.05            0.04     0.06     0.02                 0.05     0.05   0.03           0.01 0.4871     0.8352    0.6184 

PA     0.02     0.03    0.03 Q(0.08) 0.04     0.03     0.04                 0.07     0.08   0.07           0.02 0.4441     0.0110    0.0026 

PA2     0.02     0.02    0.04            0.04     0.04     0.01           0.04     0.02   0.06           0.02 0.7256     0.5961    0.3934 

 

C18     1.56     2.67    2.28           3.00     3.43     3.59           3.28     3.52   3.92           0.50 0.0067     0.5327    0.0018 

C18:1     1.46     3.01    2.55            2.79     2.85     2.36                 3.88     4.65   6.25           0.74 0.5684     0.0007    0.0003 

C18:2
 

    0.19     0.40    0.37            0.29     0.37     0.34   L(0.02)    0.37     0.37   0.43           0.05 0.6381     0.1128    0.0524 

 

Other tot. 0.11     0.20    0.22              0.69     1.03     1.40                1.51     0.45   0.74           0.22 0.0001    0.0092     0.0333 
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Table 20. Effect of chlorophyll, phytol and phytol emulsion on long chain fatty acids (LCFA, as a % of total FA) after 0 h of 

fermentation in in vitro batch cultures of mixed ruminal microorganisms. 

              

   Chlorophyll ,ppm              Phytol, ppm                 Emulsion, ppm     SE   Contrasts  

10000 25000 50000      10000 25000 50000     10000 25000 50000    P vs C     P vs E     C vs E 

 
 

U/I-1  0.15    0.00    0.27          1.91    3.45    4.62        2.96    4.45    4.27  0.52  0.0001    0.1968    0.0001 

C12  0.00    0.49    0.00    2.02    2.02    4.28        4.51    2.43    2.88  0.59  0.0001    0.1087    0.0001 

U/I-2  0.36    3.02    2.35    1.50    1.44    0.26     0.76    0.48    0.75  0.60  0.1038    0.4296    0.0213     

U/I-3  3.66    1.42    3.31          2.56    2.49    3.17        2.90    3.30    1.33  0.48  0.8854    0.5661    0.4743  

 

C14  6.97    7.53   10.58        7.07    4.67    7.78         7.13    6.63    2.90  1.00  0.0363    0.2596    0.0030 

U/I-4  0.85    0.92   1.34   0.78    1.40    1.47     0.49    0.15   5.61  0.78  0.7829    0.1916    0.1191 

U/I-5  0.00    0.00   0.00   0.00    0.00    0.12         0.00    0.00   0.00  0.04  0.2365    0.2365    1.0000 

U/I-6  0.00    0.00   0.00   0.00    0.00    0.00         0.00    0.20   0.13  0.08  1.0000    0.1088    0.1088

    

C16           29.62  29.98 27.51         28.63 27.51  25.11       23.67   20.65 19.60  0.62  0.0011    0.0001    0.0001 

16:1             4.72   3.57    2.78  17.92 25.16  29.46       11.68   14.88 19.79  1.40  0.0001    0.0001    0.0001  

 

PA1  0.42   0.38   0.36            0.21   0.07    0.16         0.25     0.76   0.07  0.19  0.1348    0.1809    0.8638   

PA  0.18   0.06   0.24            0.09   0.04    0.02         0.10     0.10   0.04  0.05  0.0252    0.5213    0.0909 

PA2  0.25   0.26   0.34            0.16   0.05    0.08         0.09     0.08   0.11  0.09  0.0199    0.9881    0.0193

   

C18           18.95  20.19 18.88          13.21 10.87   8.72        12.99   10.19 13.19  1.25  0.0001    0.2580    0.0001 

C18:1           23.03  21.79 20.37          15.27 10.74   7.52        25.21   26.50 21.87  1.14  0.0001    0.0001    0.0001 

C18:2  7.74   7.48    7.52     5.12   3.67   2.55      5.03     4.11   3.34  0.30  0.0001    0.1326    0.0001 

 

Other total      2.96    2.62    3.33     1.83   1.18   0.97      1.95     1.72   0.90  0.26  0.0001    0.3732    0.0001      
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Table 21.  Effect of chlorophyll, phytol and phytol emulsion on long chain fatty acids (LCFA, as a % of total FA) after 24 h of 

fermentation in in vitro batch cultures of mixed ruminal microorganisms. 

         

   Chlorophyll, ppm             Phytol, ppm                Emulsion, ppm     SE    Contrasts  

10000 25000 50000      10000 25000 50000     10000 25000 50000    P vs C     P vs E     C vs E 

 
 

U/I-1   0.13   0.00    0.00         3.50    6.88    5.94          3.03   2.47    2.43   1.00  0.0001     0.0014    0.0033 

C12   0.39   0.26    0.28   3.72    3.40    5.51          1.43   2.07    2.43  0.72  0.0001     0.0005    0.0074 

U/I-2   0.47   0.86    0.73         0.71    1.58    0.56      1.46   0.53    0.72  0.60  0.5668     0.9086    0.6428 

U/I-3   2.02   1.78    2.39         2.26    2.65    3.16      1.74   1.63    1.11  0.66  0.2304     0.0241    0.2719

    

C14  22.29 18.18  26.14      13.36   15.56   5.06         18.98 14.99  11.82  2.70  0.0001     0.0632    0.0037   

U/I-4    0.00   0.00    0.00        1.65     3.74   9.56       0.00   0.00    0.00  0.94  0.0001     0.0001    1.0000 

U/I-5    2.01   2.04    2.21        0.00     0.44   1.03           1.51   1.19    0.87  0.18  0.0001     0.0001    0.0001 

U/I-6               0.00   0.00    0.00        0.00     0.00    0.00          0.00   0.00    0.00              0.00  0.0000     0.0000    0.0000                   

 

C16  23.55 24.27  22.09      23.67   20.01  19.73        19.73 19.84 19.29  1.47  0.0699     0.1761    0.0043 

16:1    2.89   1.26    0.28      10.51   12.16  22.88          6.58 12.33 20.52  1.97  0.0001     0.1761    0.0001

   

PA1    0.50   0.45    0.40        0.27     0.28    0.09          0.29   0.28   0.11  0.05  0.0001     0.7468    0.0001 

PA    0.28   0.27    0.25        0.24     0.16    0.13          0.40   0.39   0.23  0.07  0.1287     0.0066    0.1867 

PA2    0.18   0.15    0.35        0.22     0.21    0.03          0.23   0.09   0.25  0.09  0.3292     0.6078    0.6219 

 

C18   21.35 21.66 18.91      17.54   14.69  12.43         18.51 17.98 13.85  1.29  0.0001     0.0618    0.0011 

C18:1   19.86 23.97 21.14      16.41   12.41    7.95      21.20 22.08 22.20  1.33  0.0001     0.0001    0.8705 

C18:2     2.56   3.22   3.09   1.81     1.65    1.17        2.06   1.86   1.53  0.18  0.0001     0.0488    0.0001

   

Other total    0.77   0.76   0.43        0.20     0.39    0.29           0.46   0.30   0.37  0.13  0.0028     0.3895    0.0169 

 


