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The Research Premise	

 Have amenity grasses been historically overlooked for human health? 	

- Ammenity or turfgrasses… 	
	

  	
Most abundant and renewable resource in the plant kingdom 	

  	
Do not impede on the global food supply 	

  	
Nutraceutical potential initially identified in relation to the  	

    	
extensive lignification of grasses (Palmer et al., 2008; Sarath,         	


	
Baird, Vogel, & Mitchell, 2006). 	

  	
Epidemiolgical evidence of native grasses in traditional medicine. 	


Background	

•  Elevated phenolic concentrations and antioxidant activities (AA)    	

   identified and characterized for numerous amenity grass species  	

•  Antiproliferation of liver and colon (Figure 1) cancers by 	

   phenolic extracts of amenity grasses in Vitro	


  Figure 1.  Ongoing UNL in Vitro study 	
 	
   Figure 3. Main phenolic 	

  demonstrating inhibition of colon cancer 	
 	
   classes in diets adapted 	

  by phenolic extracts of amenity grasses.              from Lee and Koo, (2003)	


Figure 2.   	

Complexities	

of phenolic	

pathways	


Introduction  	

Diets rich in plant-based foods reduce incidences of degenerative disorders, 
largely due to the abundant phenolic concentrations that confer antioxidant 
potentials (Kitts, 2006). Phenolic compounds are  secondary metabolites 
involved in plant antioxidant defense systems and thousands of natural phenolics 
have been identified in edible plants (Scalbert & Williamson, 2000).  It is 
therefore currently difficult, if not impossible, to characterize the precise nature 
and fate of all ingested phenols (Figure 2). Yet, it is feasible to determine the 
main classes (Figure 3) of phenols in rendering foods (Scalbert & Williamson, 
2000).	

Phenolic synthesis within plant matrices is influenced by factors such as climate, 
season, abiotic/biotic stress and post-harvest treatments (Harbaum et al. 2008).  
Additionally,  considerable fluxes in phenolic occurrence and  production during 
germination are well-documented (Kulkarni et al., 2006; Cevallos-Casals & 
Cisneros-Zevallos, 2010), yet appreciable phenolic germination trends among 
similar plant species/cultivars have yet to be elucidated. 	
 	
 	
	


Materials and Methods	

Supina bluegrass [Poa supina Schrad. 'Supranova'] and bermudagrass [Cynodon 
dactylon (L.) Pers. var. dactylon 'Sovereign'] were sampled at 3, 7, 14, and 21 
days of post-germination growth and stored immediately at -20° C.  Grass 
species were germinated under optimal greenhouse conditions during July of 
2010 at the University of Nebraska-Lincoln’s east campus. 	
	

Cell Wall Phenolic Extractions 	

	
 	
Modified method of Sarath et al., (2006)	


Determination of Total Phenolicsa and Total Flavonoidsb	

	
 	
Singleton & Rossi (1965)a,  Adom & Lui (2002)b [Figure 4] 	


Oxygen Radical Absorbance Capacity (ORAC)	

	   	  Ou, Hampsch-Woodill, & Prior (2001) [Figure 5]	


Reverse Phase HPLC	

	
 	
Cosmulescu et al., (2010) [Figure 6][Table 1] 	


Figure 4. Total Phenolics and Flavonoids: Data expressed as mean 
± SE (n=3) of gallic acid equivalents (GAE) or catechin equivalents (CE) per gram 
of fresh weight (FW) grass tissue. (*) denotes means significantly different from 
corresponding ‘3 day’ extracts according to Tukey’s HSD test (α=.05).  	


Figure 5. Antioxidant Activity (ORAC)	

Data expressed as mean ± SE (n=3) of Trolox equivalents (TE) of extracts per gram of 
fresh weight (FW) grass tissue. (*) denotes means significantly different from 
corresponding ‘3 day’ extracts according to Tukey’s HSD test (α=.05). 

   

Figure	  6.	  HPLC-‐RP	  Analysis	  
HPLC-RP of bermudagrass ‘21 day’ (red curve) and ‘3 day’ (black curve) 
detection at 340 nm.	


Discussion	  
The conceptual basis of this research set out to gain insight about the 
chemotherapeutic/chemopreventative nature of phenolic extracts of amenity 
grasses when accounting for germination-induced phenolic profile shifts.  The 
HPLC chromatogram (Figure 6) definitively shows phenolic compositional 
shifts in bermudagrass ‘3 day’ and ’21 day’ sample extracts.  These shifts clearly 
correlate with increased phenolic concentrations and antioxidant activities of the 
’21 day’ extracts.  This evidence demonstrates the substantial impacts that 
sampling time can have on the overall phenolic nature of amenity grass extracts.	


Contact and Literature Cited	

For a complete list of the cited literature or any general questions, please contact 
Casey Wegner at: cwegner1@yahoo.com 	


Objective:	  To	  monitor	  shifts	  in	  the	  phenolic	  pro<iles	  of	  grass	  matrices	  during	  seedling	  germination	  in	  order	  to	  obtain	  the	  most	  health	  bene<itting	  phenolic	  extracts	  
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Antioxidative nutraceuticals . . .

centration. Lipoic acid regenerates GSH in liver, kidney, and lung
tissue and also regenerates vitamins C and E. A dietary study of li-
poic acid showed a decrease in age-related decline in oxygen
consumption and radical formation, improvement of mitochon-
drial membrane potential, and increases of ascorbic acid and
GSH levels (Hagen and others 1999). Lipoic acids may improve
age-related decline in memory and cognitive function and brain-
related ailments, including Alzheimer’s disease and Parkinson’s
disease (Kramer and Packer 2001).

Reduced (dihydrolipoic acid) and oxidized forms of lipoic acid
both act as antioxidants and scavenge the reactive oxygen spe-
cies. Lipoic acids are excellent antioxidants, showing abilities for
radical scavenging, metal chelating, interaction with other antioxi-
dants, metabolic regeneration, and gene regulation (Bast and
Haenen 2001).

The standard 1-reduction potential of lipoic acid/dihydroxy li-
poic acid is –320 mV, which is significantly lower than that of
GSSG/GSH and dehydroascorbic acid/ascorbic acid, 250 and
282 mV, respectively.

Dihydrolipoic acid is a reductant and regenerates GSH from
GSSG and ascorbic acid from dehydroascorbic acid at the rate
constant of 32 and 875 /M/min, respectively.

Bioavailability of Antioxidative Nutraceuticals
Definition of bioavailability is the amount or the percentage of

an ingested nutrient that is absorbed and thus available to the
body for metabolic use. Bioavailability of antioxidative nutraceuti-
cals is influenced by many factors, including types of nutraceuti-
cals, geometric isomers, processing methods, and matrices sur-
rounding the compounds (Papas 1999b).

Tocopherols and tocotrienols in human blood and tissues are
in their free and unesterified form. Esterification of tocopherols,
which blocks the 6–hydroxyl group of tocopherols, makes toco-
pherols more stable to oxidizing agents such as air, light, and met-
als, and used for fortifying foods or vitamin supplements. Esters of
tocopherols are hydrolyzed by lipases and tocopherols are ab-
sorbed in their free, unesterified form. !–Tocopherol is preferen-
tially secreted by the liver into the blood lipoprotein, even though
!– and "–tocopherols are equally well absorbed. A tocopherol-
binding protein plays an important role in this preferential incor-
poration with !–tocopherol (Papas 1999b). Even though tocot-
rienols have a higher radical scavenging activity than tocopherols,
they are less bioavailable after oral ingestion (Packer and others
2001). It has been known that !–tocotrienol is preferentially ab-
sorbed compared with #– and $–tocotrienols (Ikeda and others
1996).

Ascorbic acid in foods is mainly (80% to 90%) in the reduced
form and is absorbed in human intestine by a sodium-dependent
active transport system. Ascorbic acid is suggested to be absorbed
better than dehydroascorbic acid in humans (Gregory 1996).

Food processing can affect bioavailability. Absorption of lyco-
pene from fresh tomatoes and "–carotene from fresh carrots is sig-
nificantly lower than from tomato juice or cooked carrots. Heat
processing breaks the carotenoid protein complexes and converts
cis to trans "–carotene, which can affect bioavailability.

Excessive heating can promote oxidation or formation of com-
plexes of antioxidants with carotenoids and proteins. Even when
cis and trans forms of "–carotene are ingested, the concentration
of trans "–carotene in blood and tissue is higher than cis "–caro-
tene (Deming and others 2002).

Naturally occurring geometrical isomers of lycopene are prima-
rily in the all-trans configuration. In dietary studies, ingested lyco-
pene is predominately (about 95%) in the all-trans form. However,
Clinton and others (1996) have shown that cis-isomers of lyco-
pene represent approximately 50% of total lycopene in blood

and up to 80% in prostate tissues. It has been suggested that cis-
isomers of lycopene are more bioavailable than all trans-isomers,
most likely because of the greater solubility of cis-isomers in the
bile acid micelles, a shorter length to fit into micelles, and a lower
tendency to aggregate (Boileau and others 1999; Boileau and oth-
ers 2002). The mechanisms explaining the isomerization of all-
trans to cis-lycopene isomers in vivo after food consumption and
the physiological importance of cis-lycopene are not fully under-
stood (Nguyen and Schwartz 1999; Boileau and others 2002).

Major forms of isoflavones in foods are "–glycosides. However,
glucosides are not detected in human blood and urine whereas
aglycones of isoflavones are found. Hydrolysis of flavonoid glyco-
sides can be done by microorganism glucosidases in the colon,
not by the host mammalian. Aglycones of isoflavone can be ab-
sorbed in the gut better than their glucoside derivatives. Sugar
moiety of glycosides is an important factor of absorption and bio-
availability of isoflavones (Hendrich and others 1999).

Foods Containing Antioxidative Nutraceuticals
Fruits, vegetables, spices, herbs, and beverages such as tea and

wine are typical foods containing various antioxidative nutraceuti-
cals. In fruits, grapes contain polyphenolic compounds such as
caftaric acid, tartaric acid ester of caffeic acid, flavon–3–ol cat-
echin, and anthocyanins.

Berries, including blueberries, strawberries, blackberries, and
crowberries, contain large amounts of phenolic compounds such

Table 6—Classes of phenolic compounds

Class Basic skeleton Basic structure

Simple phenols C6

Benzoquinoes C6

Phenoic acids C6-C1

Acetophenones C6-C2

Phenylacetic acids C6-C2

Hydroxycinnamic acids C6-C3

Phenylpropens C6-C3

Coumarins C6-C3

Chromones C6-C3

Anthraquinones C6-C2-C6

Flavonoids C6-C3-C6


