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MATERIALS AND METHODS

Å IWGexhibitsa higherprotein content than HRW(Table1).

Å IWGhasa higherlipaseactivity than HRW,while HRWexhibitsgreaterlipoxygenase
activity (Table2). Theseenzymescontribute to hydrolytic and oxidative rancidity,
respectively,andcanbe problematicoverstorage.

ÅHowever, IWG boastssuperior antioxidant activities (as measuredby DPPHand
LMB assays), attributed to their greater antioxidant content, specifically
hydroxycinnamicacids(Table3), which may help to delay oxidation over storage,
contributingto longershelflife.

ÅDPPHmeasuresradical scavengingactivity by electron transfer, whereas LMB
measures antioxidantcapacityby electron transfer and the ability of antioxidants
to reduce hydroperoxides by hydrogen atom transfer 14. Moreover, LMB
demonstratesparticularly high correlations(Table4) with hydroxycinnamicacids,
the antioxidantsthat havebeendemonstratedassomeof the mostactivein wheat
species15,16 .

ÅThe following steam treatment conditions were consideredoptimal in terms of
minimal antioxidant degradation and maximum enzyme inactivation and were
adoptedfor the remainderof the storagestudy: 100ÁC,90-95%RH,60minutes.

ÅSteamedand not steamedsamplesof IWGand HRWstored for varyinglengthsof
time at 45ÁC and 0.43 aw have been analyzedfor peroxidevalue (an indicator of
primary oxidation),free fatty acids(an indicator of hydrolytic rancidity)and lipase
activityup to five weeks.

ÅHRWthat wasnot steamedreachedpeakhydroperoxideformation at four weeks,
while steamedHRWand IWG(both steamedand not steamed)haveconsiderably
lesshydroperoxideformation at four weeks(Figure2), indicatinglessoxidation.\

ÅThesteamedgrainshave lesshydroperoxideformation than the grainsthat were
not steam treated. Additionally, it is to be expected that HRWshowed higher
peroxidevaluesoverall, as HRWhasa higher lipoxygenasecontent, as previously
noted.

ÅAsidefrom steamedIWG,sampleshave shown minimal changein free fatty acid
statusover time (Figure3), whichmaybe explainedby the higher lipaseactivity of
IWG(Figure4).
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RESULTS: 45�ƒC Storage Study
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Å Thinopyrumintermedium,or intermediate wheatgrass (IWG), is a novel 
perennial crop with grains that have a competitive nutritional profile and 
advantageous environmental attributes. 

ÅWith strong agronomic and industrial appeal, IWG has potential to be 
marketed on a larger scale; however, such an effort requires more 
information about the grain, including its shelf life. 

Å Heat treatment has been shown to be an effective means of elongating 
storage life of grains by inactivating problematic enzymes responsible for 
hydrolytic and oxidative rancidity, namely lipase and lipoxygenase 
respectively. Preliminary studies indicated that these enzymes could be 
more problematic in IWG than in wheat. 

Å IWG and hard red wheat (HRW) control were subjected to six treatments 
consisting of two steam treatments (present/absent) and three 
incubation temperatures (4ÁC, 23ÁC, and 45ÁC). Antioxidant activity pre-
and post-steam treatment was analyzed using 1,1-Diphenyl-2-picryl-
hydrazyl (DPPH) radical scavenging and leucomethyleneblue (LMB) 
assays. Lipoxygenase activity was measured by the ferrous oxidation-
xylenolorange (FOX) assay, and lipase activity was determined 
spectrophotometrically. 

Å Throughout storage, samples were analyzed for indicators of hydrolytic 
and oxidative rancidity, including free fatty acids, hydroperoxides, 
malondialdehydes, and hexanal. 

Å Lipoxygenase activity in IWG subjected to 60 min of steam treatment 
significantly decreased after two weeks of accelerated storage (P<0.05). 
The antioxidant activity was not significantly affected (P>0.1). Also, 
compared to our HRW control, IWG has a higher content of ferulicacid, 
an active antioxidant commonly found in wheat. 

Å The interruption of enzymatic activity by steam treatment coupled with 
the preservation of antioxidants could help prolong the shelf life of IWG, 
ultimately protecting its properties and rendering it marketable. 

INTRODUCTION

Samples:

�{ IWG  (Rosemount,  
August 2015)

�{HRW (St. Paul and 
Lamberton, July 
2015)

Steam Treatment

�{Half of samples 
subjected to steam in 
proofing oven

�{100ÁC at 95%RH

Storage Conditions

�{aw = 0.43

�{Groats stored in open 
petri dishes in 
dessicators

�{Dark environment

�{Temp variable: 4, 25, 
45ÁC

Milling

ÅSamples pulled for 
analysis at various 
time points and milled

ÅUDI Cyclone Sample 
Mill with 0.5 mm 
screen size

Moisture

ÅMoisture content of 
milled samples 
analyzed by infrared 
method

ÅOhausMB45

Chemical Analysis

ÅAntioxidant activity 
and content

ÅEnzymatic activity

ÅProducts of oxidative 
and hydrolytic 
rancidity

ÅFunctionality

Figure 4. Comparisonof lipase activity over storageat 45° C (aw=0.43) in steam
treated and non-steamtreated intermediatewheatgrass(IWG)and hard red wheat
(HRW)

Analysis Method

Antioxidant 
Activity

ÅDPPH (2,2-diphenyl-1-picryl-hydrazyl) Radical Scavenging Assay6

Å LeucomethyleneBlue Assay7,8

Antioxidant 
Content

ÅCarotenoids by RP-HPLC ona C30 columnwith PDA detection9

ÅHydroxycinnamicacids by RP-HPLC on a C18 column with PDA 
detection10

Enzymatic ActivityÅ Lipoxygenaseactivity by ferrous oxidation xylenolorange (FOX)11,12

Å Lipase activity per method described by Rose and Pike (2006)13

Hydrolytic
Rancidity

Å Freefatty acids (AOAC Method 940.28)

Oxidative
Rancidity

ÅPeroxidevalue (primary oxidation) (AOAC Method 965.33)
ÅHexanalquantification (secondary oxidation) by GC-FID

Proximate
Analysis

Å Fat content by Mojonniermethod (Adapted fromAOAC 922.06)
ÅAsh content by dry-ashing(AOAC Method 923.03)
ÅMoisture by vacuum oven  (AACCI Method 44-40.01)
ÅProtein content by Dumas method (AOAC 990.03)

RESULTS  

Constituent HRW IWG

Avg. Percent ± SD*

Protein 13.3 ± 0.172 15.7 ± 0.012

Fat 3.61 ± 0.492 5.07 ± 0.035

Ash 1.54 ± 0.069 2.14 ± 0.064

Moisture 9.66 ± 0.428 7.15 ± 0.049

Carbohydrate (by difference) 71.9 ± 1.161 69.9 ± 0.160

Table1. Macronutrientcompositionof intermediatewheatgrass(IWG)
andhardred wheat (HRW)

*Standarddeviation

Table 3. Comparisonof hydroxycinnamicacid content prior to steam treatment in
intermediatewheatgrass(IWG)milled usingtwo different methodsand ball-milled hard
red wheat (HRW)

Sample �R�P���&���Ê�l�P���(�o�}�µ�Œ��± SD* µg pCA�Î�l�P���(�o�}�µ�Œ��± SD* �R�P���^���Ï�l�P���(�o�}�µ�Œ��± SD*

IWG UDI-milled 813 ± 73.7 20.4 ± 3.60 76.4 ± 5.19

IWG Ball-milled 838 ± 83.8 23.5 ± 3.13 71.6 ± 4.42

HRW Ball-milled 506 ± 54.1 7.00 ± 1.72 50.0 ± 5.61

�ÊFerulicacid,אלpCoumaricacid,�ÏSinapicacid,*Standarddeviation

MeasuredVariable HRW IWG

Avg. Results ÑSD*

Lipoxygenase activity (U/g) 2.83 Ñ0.330 1.60 Ñ0.155

Lipase activity (U/g) 1.84 Ñ0.178 2.79 Ñ0.489

���v�š�]�}�Æ�]�����v�š�������š�]�À�]�š�Ç�����Ç�����W�W�,�Ê���~�������š�}�v�������Æ�š�Œ�����š�]�}�v�•��
�~�R�u�}�o���•���d���Î�l�P�• 28.1 Ñ1.60 61.3 Ñ3.69

Antioxidant activity by DPPH (alkaline hydrolysis with 
ethyl ether extraction)  
(µmoles TE/g) 34.9 Ñ3.82 51.7 Ñ2.57

���v�š�]�}�Æ�]�����v�š�������š�]�À�]�š�Ç�����Ç���>�D���Ð��mmoles(TE/g) 0.589 Ñ0.002 0.765 Ñ0.002

�Ê2,2-diphenyl-1-picryl-hydrazyl,�ÎTroloxequivalents,�ÐLeucomethyleneblue,*Standarddeviation

Table2. Comparisonof enzymaticactivitiesandantioxidantactivitiesin intermediate
wheatgrass(IWG)andhardred wheat (HRW)prior to steamtreatment

Assay Ferulicacid Sinapicacid pCoumaricacid

Correlationcoefficient

���W�W�,�Ê���Z�����]�����o���^�����À���v�P�]�v�P�����•�•���Ç0.686 0.701 0.703

�>�D���Î�����v�š�]�}�Æ�]�����v�š�������š�]�À�]�š�Ç�����•�•���Ç��0.981 0.94 0.97

Table 4. Correlations between hydroxycinnamicacid antioxidant content and
antioxidantactivityby DPPHandLMBantioxidantactivityassays

�Ê2,2-diphenyl-1-picryl-hydrazyl,�ÎLeucomethyleneblue

Figure1. Lipoxygenaseactivitymeasuredby the FOXassayover time at 60° Cin samplessteam-
treated for variouslengthsof time

Figure 2. Comparisonof primary oxidation as indicated by peroxide value over
storageat 45° C (aw=0.43) in steam treated and non-steam treated intermediate
wheatgrass(IWG)andhardred wheat (HRW)

Figure3. Comparisonof hydrolytic rancidityas indicatedby percent free fatty acids
over storage at 45° C (aw=0.43) in steam treated and non-steam treated
intermediatewheatgrass(IWG)andhardred wheat (HRW)
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ÅA steam treatment length of 60 minutes significantly decreased the lipoxygenase activity 
of IWG after two weeks of accelerated storage (P<0.05), as shown in Figure 1. At this 
same treatment length, antioxidant activity of steamed-treated IWG as measured by 
leucomethyleneblue and DPPH assays was not significantly decreased as compared to 
samples that were not steam treated(P>0.1). 

ÅStoragestudiesarecurrentlyunderwayat 4ÁC,25ÁC,and45ÁC. In addition to
measuringthe parametersshown here, samplesare also currently being
analyzedfor lipoxygenaseactivity, antioxidant activity, antioxidant content,
andhexanal. Assamplesarestoredat controlledrelativehumidity (aw=0.43),
moisturelevelsremainconstant,at approximately10%, overstorage.

ÅFuturework will focuson storageof flour, asopposedto storageof whole groats,
underthe sameconditions.

ÅFunctionalitytesting, includingloaf volume, starch pastingproperties,and dough
strength will be tested over time in stored IWGand HRWsamples,steamtreated
andnot steamtreated,aswell asin samplesstoredasflour andwholegroats.

ÅThe effect of steam treatment on storagestability and functionality of IWG will
influencefuture processingconditionsof the grain.
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