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Abstract

Background/Objectives:

Khorasan wheat (Kamut) is an ancient grain with widely acclaimed beneficial effects on human health. 
The objective was to characterise Kamut and to examine the effect of a replacement diet with their 
products on cardiovascular risk parameters.

Subjects/Methods:

We conducted a randomized, single-blinded cross-over trial with two intervention phases on 22 healthy 
subjects (14 females; 8 males). The participants were assigned to consume products (bread, pasta and 
crackers) made either from Kamut or control semi-whole-grain wheat for 8 weeks in a random order. An 
8-week washout period was implemented between the interventions. Laboratory analyses were 
performed both at the beginning and at the end of each intervention phase.

Results:

At a general linear model for repeated measurements adjusted for several confounders, consumption of 
Kamut products showed a significant reduction of metabolic risk factors such as total cholesterol (mean 
reduction: −8.46 mg/dl; −4%), low-density lipoprotein cholesterol (−9.82 mg/dl; −7.8%) and blood 
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glucose. Similarly, redox status was significantly improved only after the Kamut intervention phase, as 
measured by a reduction in both thiobarbituric acid reactive substances (−0.17 nmol/ml; −21.5%;) and 
carbonyl levels (−0.16 nmol/ml; −17.6%). The replacement diet with Kamut products also resulted in a 
significant increase of serum potassium and magnesium. Circulating levels of key pro-inflammatory 
cytokines (interleukin (IL)-6, IL-12, tumour necrosis factor-α and vascular endothelial growth factor) were
significantly reduced after the consumption of Kamut products.

Conclusions:

The present results suggest that a replacement diet with Kamut products could be effective in reducing 
metabolic risk factors, markers of both oxidative stress and inflammatory status.

Introduction

Wheat is considered one of the most important components of human nutrition, and on a global scale 
provides a source of dietary carbohydrates, proteins, vitamins, minerals and fibre.1, 2, 3, 4 Whole-grain 
consumption, in particular, has been reported to have a protective role against cardiovascular disease, 
diabetes and cancer.3, 4, 5, 6 Recently, research interest has been focused on ancient wheat grain varieties,
previously recognised as a rich source of health-promoting substances.7 Among the ancient grain 
varieties, Khorasan wheat (Kamut) has emerged as one of the most important for distribution and 
marketing.

Kamut has recently been found to have the potential to promote the growth of probiotic strains in the 
gastrointestinal tract.8 Moreover, it has been also shown that bread made from Kamut protects rats from
oxidative stress to a greater extent than that afforded by whole-grain durum wheat.9 Despite widespread
publicity regarding the potential health benefits of Kamut, to the best of our knowledge no study has 
been conducted to evaluate the health-promoting effects of Kamut products on humans. The aim of this
intervention study was to characterise Kamut and to test the efficacy of a replacement diet with Kamut 
products on risk parameters of cardiovascular and metabolic diseases.

Materials and methods

Study population

In all, 22 healthy volunteers (8 men, 14 women; mean±s.d. age: 50.5±11.8 years) with a body mass index 
(BMI; in kg/m2) between 17.1 and 31.6 (mean±s.d. BMI: 23.3±3.6) were recruited from the staff of the 
University of Florence and from their family/friends.

Inclusion criteria for subject participation in the study necessitated that participants had to: be of an age 
ranging between 20 and 70 years, be in good general health, be neither pregnant nor lactating and have
neither a gluten allergy nor gastrointestinal disorders (e.g. chronic constipation, diarrhoea, inflammatory 
bowel disease, irritable bowel syndrome or other chronic gastrointestinal complaints) and gall bladder 
problems. Volunteers were instructed not to alter their usual dietary or fluid intakes.



Wheat varieties

Organically grown Kamut brand Khorasan wheat, obtained from Sasketechewen (Canada), the principle 
cultivation area, was utilised as the experimental wheat under investigation. The seed was milled by 
Molino SIMA S.C.A.R.L. (Argenta, Ferrara, Italy) and both semi-whole-wheat semolina and flour were 
purchased. As the control, semi-whole-wheat semolina and wheat flour, respectively, derived from a mix 
of modern Italian durum and soft wheat varieties were purchased from the same mill. As with the Kamut,
both the Italian soft and durum wheat varieties, from hereon referred to as the control, had similarly 
been cultivated under organic agricultural conditions. To further standardise the comparison, all 
transformation preparation procedures were identical for both the Kamut (experimental) and control 
wheat under study. Pasta was prepared from the Kamut and durum wheat by the Pastificio Artigiano 
FABBRI s.a.s. (Strada in Chianti, Firenze, Italy), an artisan pasta maker, whereas the bread, biscuits and 
crackers were made from the Kamut and soft wheat by the artisan enterprise of Panificio Menchetti 
Pietro di Santi e Figli s.n.c. (Cesa Marciano della Chiana, Arezzo, Italy).

Study design

The study was a randomized, single-blinded, cross-over trial designed to test whether a replacement diet
with grain products made from Kamut would benefit the cardiovascular risk profile of the participants, 
compared with a similar replacement diet using grain products made from organic, semi-whole-grain 
wheat durum and soft wheat varieties. After a 2-week run-in period, the eligible participants were 
randomly divided into two groups (11 individuals/group), each assigned to consume either the Kamut or
control products, respectively. Starting from June 2011, participants in both groups then received 500 g/
week of pasta, 150 g/day of bread, 500 g/month of crackers and 1 kg/month of biscuits for a period of 8 
weeks. In the intervention period, all participants were not permitted to eat other grains products. A 
washout period of 8 weeks was then implemented, in which participants were permitted to eat all foods 
according to their ‘normal eating habits’. From October 2011, the second intervention phase was 
implemented with the group, assigned to consume the control products in the first phase, now assigned 
to consume the Kamut products, and vice versa. At baseline and after each intervention, all subjects were
examined between 0700 hours and 0930 hours after a 12-h-fasting period. Furthermore, subjects were 
asked not to engage in strenuous physical activity during the day before the examination. BMI was 
calculated as weight (kg)/height (m)2. Written informed consent was obtained from each participant 
before the initial screening visit and before randomisation. The institutional review board at the 
University of Florence approved the study protocol.

Characteristics of the wheat varieties

Insoluble dietary fibre and soluble dietary fibre were measured according to the instruction protocol 
provided by the Megazyme Total Dietary Fibre Assay Procedure Kit (Megazyme International, Co. 
Wicklow, Ireland), based on the methods of Prosky et al.10 and Lee et al.11 The protein content, 
associated with the insoluble and soluble cell wall polysaccharide fractions, respectively (and which was 
subtracted from the gravimetric mass of both dried insoluble dietary fibre and ethanol-precipitated 
dried soluble dietary fibre fractions), was calculated from the N content. N content (nearly 2.0 mg) was 



measured in the dried samples using the Flash Elemental Analyser 1112 NC (Thermo Fisher Scientific, 
Waltham, MA, USA) according to the manufacturer’s instructions. Both resistant starch and non-resistant 
starch were determined according to the enzymatic procedure outlined by the instruction manual for the
Megazyme-Resistant Starch Assay Procedure Kit (Megazyme International, Co.), based on the method of 
McClerry and Monaghan.12 The amylase and amylopectin contents were similarly determined using the 
Megazyme Amylose/Amylopectin Assay Kit (Megazyme International, Co) according to a modification of 
the method developed by Yun and Matheson.13 The macro- (Ca, K, Mg and P) and micro-elements (Fe, 
Se, V and Zn) were extracted by nitric acid digestion (0.5 g in 10 ml 7:3 (v/v) nitric acid: H2O) in a 
Microwave Accelerated Reaction System (Model MARS, CEM Cooperation, North Carolina, USA). 
Digestion conditions consisted of three ramps: 120 °C (1 min), 170 °C (1 min) and 180 °C (10 min) in 
which 12, 6 and 4 min were required to arrive at the respective maximum efficiency temperatures. 
Mineral elements were measured by Inductively Couple argon Plasma emission spectroscopy (Thermo 
Electron Corporation, Waltham, MA, USA).

Secondary metabolite content and antioxidant activity of the wheat varieties

The extraction of soluble (free) and insoluble (bound) phenolic compounds was performed according to 
Dinelli et al.7 Total polyphenol content in both the free and bound fractions was measured using the 
spectrophotometric Folin–Ciocalteu method (Lambda 25 Spectrophotometer, Perkin Elmer Corporation, 
Waltham, MA, USA) with gallic acid as the reference standard.14 Similarly, the total flavonoid content was
determined using a colorimetric method with catechin as the reference standard.15 Only the total 
polyphenol and flavonoid contents are, respectively, presented as the sum total of the free and bound 
fractions. Total carotenoid content was estimated from the yellow pigment content, extracted and 
measured according to a micro-method developed by Belaggi et al.16

Antioxidant activity in both the free and bound fractions was estimated using two different methods. The
activities presented in the results similarly reflect the sum total of the free and bound fractions 
measured. The radical scavenging activity of antioxidant active substances in the extract was determined 
using the stable radical 2,2-diphenyl-1-picrylhydrazyl, which becomes reduced to 2,2-diphenyl-1-
picrylhydrazyl, according to the spectrophotometric method of Brand-Williams et al.17 The efficient 
concentration (EC), representing the amount of antioxidant in the sample necessary to decrease the 
initial 2,2-diphenyl-1-picrylhydrazyl concentration by half (EC50), was calculated for each sample from a 
calibration curve by linear regression. The higher the EC50 the less efficient the antioxidant activity of the
sample. For clarity, the EC50 value for each of the sample was converted into antiradical power, using 
the following equation antiradical power=1/EC50 × 100. The higher the antiradical power value the 
more efficient the radical scavenging activity of the sample.

The chelating activity on ferrous iron was estimated according to a modification of the 
spectrophotometric method of Köksal et al.18 Briefly, in 1 ml total, different volumes of sample were 
added to 100% (v/v) EtOH containing 75 μl 0.6 mM FeCl2. The reaction was initiated by the addition of 
25 μl 5 mM ferrozine. The controls contained only ferrozine and FeCl2. The percentage inhibition of the 



ferrozine–Fe2+ complex was calculated using the following equation: ferrous ion-chelating effect 
(%)=(1−As/Ac) × 100 where Ac and As are the absorbance values of the controls and samples, 
respectively.

Blood measurements

Venous blood samples were taken by the study physician after an overnight fasting, into evacuated 
plastic tubes (Vacutainer, BD, Oxford, UK). Samples, obtained by centrifuging at 3000 g for 15 min at 4 °C,
were stored in aliquots at –80 °C until analysis. Lipid variables, blood glucose, liver enzymes and serum 
electrolytes were assessed by conventional methods. Pro- and anti-inflammatory cytokines were 
determined by using the Bio-Plex cytokine assay (Bio-Rad Laboratories Inc., Hercules, CA, USA), 
according to manufacturer’s instructions.

Thiobarbituric acid reactive substance assay and total antioxidant capacity

Plasma levels of malondialdehyde were quantified using the thiobarbituric acid reactive substance assay 
kit (Oxitek-ZeptoMetrix Corporation, Buffalo, NY, USA) following the manufacturer’s protocol. Briefly, 
100 μl of pure plasma was aliquoted in glass tubes (each sample was run in duplicate). Then, freshly 
prepared reaction buffers were added and tubes were placed in a heat block at 95 °C for 1 h. After 
incubation, samples were quickly cooled on ice and centrifuged at 3000 g for 15 min to remove debris. 
The fluorescence emission of the recovered supernatant was measured with an excitation wavelength of 
530 nm and an emission wavelength of 550 nm, using a Perkin Elmer LS55 spectrofluorimeter. 
Thiobarbituric acid reactive substances were expressed in terms of malondialdehyde equivalent 
(nmol/ml). Total antioxidant capacity, accounting for total hydrophilic reactive oxygen species 
scavengers, was measured in plasma by a chemiluminescence assay using the photoprotein Pholasin 
(Abel Antioxidant Test Kit, Knight Scientific Ltd, Plymouth, UK). The protein content of samples was 
measured by using the Bradford assay.19 The results were calculated using an L-ascorbic acid-based 
standard curve. Oxidative modification on plasma proteins was assessed on the basis of carbonyl 
content using two to four dinitrophenylhydrazine, as described by Levine et al.20

Statistical analysis

Statistical analysis was performed by using the statistical package PASW 18.0 for Macintosh (SPSS Inc., 
Chicago, IL, USA). All variables were checked for normal distribution before data analysis. Data were 
expressed as arithmetic means±s.d. for normally distributed variables and as median and range or non-
normally distributed data. The Mann–Whitney test was used for testing differences between the groups. 
One-way analysis of variance was used for testing differences between Kamut and control flour and 
semolina samples. Non-normally distributed data were log-transformed, and further analysis was carried
out with the transformed data. The two interventions were analysed by taking into account both phases 
in the two groups of subjects at different stages. Carryover effect, that is, the effect that considers 
whether the impact of the first treatment is still present when the patient enters the second treatment 
period, were analysed with two models. First, we evaluated the period effect by comparing the 
geometric mean (and 95% confidence interval) of the difference between the evaluation at baseline and 



the evaluation at the end of the washout period, with the use of a paired t-test. Second, we evaluated 
the sequence effect, which considers whether the impact of Kamut treatment was different when the 
order of administration changed. This effect was estimated by comparing the geometric mean change 
difference between treatments in the Kamut group and in the control group, after adjustment for order 
of treatment. A general linear model for repeated measurements was performed to compare the effect 
of the two different treatments. Post hoc Bonferroni correction was applied to account for multiple 
comparisons. A model with adjustments for age, gender, smoking habit, hypertension and physical 
activity was performed. Data for the general linear model were reported as geometric mean and s.e. A P-
value<0.05 was considered to indicate statistical significance.

Results

Characteristics of the wheat varieties

Flour and semolina were characterised for primary component composition, including fibre, protein, 
total and resistant starch, as well as for various secondary antioxidant metabolites and potential 
antioxidant activity. The major differences reported in the above-mentioned constituents were between 
the Kamut and control flour, or the part of the diet involving the consumption of bread, biscuits and 
crackers (Table 1). A significantly higher amylose/amylopectin ratio, protein content, antioxidant activity 
(polyphenols, flavonoids and carotenoids) as well as 2,2-diphenyl-1-picrylhydrazyl antiradical activity 
were apparent in the Kamut flour with respect to the control flour. With the exception of the 
amylose/amylopectin ratio in the Kamut flour, no differences in primary constituents, secondary 
metabolites or antioxidant activities were evident between Kamut flour and either the Kamut semolina or
control semolina.

Table 1 Composition of Kamut and control wheat

Full size table

Flour and semolina were also characterised for various mineral elements. Both Kamut semolina and flour
contained significantly higher content of minerals such as potassium, magnesium, phosphorus, zinc, iron
and vanadium with respect to control semolina and flour (Table 2).

Table 2 Mineral element composition of Kamut and control wheat

Full size table



Characteristics of the study population

Three participants were current smokers and two were hypertensive under an optimal therapeutic 
control. At the end of the intervention programme, blood pressure and BMI did not change significantly 
with respect to baseline in both groups (data not shown). No significant differences for demographic, 
clinical and laboratory parameters at baseline, between subjects randomized to consume either Kamut 
or control wheat products as the first intervention, were reported (data not shown).

Modifications in lipid and metabolic profiles

To test the possible effects of a replacement diet with Kamut products on the parameters investigated, a 
general linear model for repeated measurements, adjusted for age, gender, smoking habit, hypertension 
and physical activity was performed. In Table 3, adjusted values for BMI and all the variables investigated 
before and after the two dietary interventions were reported. During the phase of dietary replacement 
with Kamut products, participants experienced a significant amelioration of some parameters such as 
blood glucose, alanine aminotransferase, total cholesterol and low-density lipoprotein cholesterol. 
Indeed, total cholesterol decreased significantly by 4%, with a mean reduction of 8.46 mg/dl and low-
density lipoprotein cholesterol by 7.8% with a mean reduction of 9.82 mg/dl, respectively. In contrast, no
significant changes during the phase of dietary replacement with control wheat products were reported 
(Figure 1).

Table 3 Modifications of biochemical parameters

Full size table

Figure 1

Mean percentage of change for selected metabolic parameters and minerals.

Full size image



With regard to serum electrolytes, a significant increase of both potassium and magnesium levels was 
evident after the Kamut phase of dietary intervention, whereas no changes during the phase of 
intervention with the control wheat products were reported (Table 3 and Figure 1).

Modifications in redox status

Of interest, two important parameters of oxidative stress, namely thiobarbituric acid reactive substances 
and carbonyls decreased significantly after the intervention phase of Kamut (Table 4). This effect was not 
evident after the consumption of control products.

Table 4 Modifications of redox status

Full size table

Modifications in inflammatory profile

After the period of dietary replacement with Kamut products, a significant reduction in the circulating 
levels of some pro-inflammatory cytokines such as interleukin (IL)-6 (−23.6%), IL-12 (−28.1%), monocyte 
chemotactic protein-1 (−17%), macrophage inflammatory protein-1β (−14.7%), tumour necrosis factor-α
(−34.6%) and vascular endothelial growth factor (−10.5%) was observed (Table 5). In contrast, after the 
period of intervention with the control products, the only significant reductions reported were for 
monocyte chemotactic protein-1 (−16.9%) and macrophage inflammatory protein-1β (−18.7%) levels 
(Figure 2).

Table 5 Modifications of inflammatory profile

Full size table

Figure 2



Mean percentage of change for selected inflammatory cytokines.

Full size image

Period and sequence carryover effects were not present for all the parameters investigated (data not 
shown).

Discussion

Over the last years, widespread publicity promoting Kamut as a healthy grain alternative has 
necessitated the implementation of human trials to verify such claims. This study is the first human trial
currently being performed to test the possible efficacy of Kamut products on cardiovascular 
biomarkers. Various biochemical, lipid, antioxidant and inflammatory parameters related to 
cardiovascular disease risk in adult humans were investigated following the adoption of a diet of 
organic, semi-whole-wheat Kamut products. Results hypothesise that after ingesting products made 
from Kamut, improvements for some blood parameters such as minerals (potassium, magnesium and 
glucose), metabolic biomarkers (alanine aminotransferase, total cholesterol and low-density lipoprotein
cholesterol), parameters of redox status (lipid peroxidation and oxidised carbonyl proteins) as well as 
inflammatory cytokines (IL-6, IL-12, tumour necrosis factor-α and vascular endothelial growth factor) 
could be obtained.

Of the principle results of our study were the reductions observed for total and low-density lipoprotein 
cholesterol levels after intervention period with Kamut products. In this study, no differences in the 
dietary fibre and resistant starch content between Kamut and control semolina/flour were evident. 
Hence, dietary fibre and resistant starch alone were clearly not instrumental in improving these 
metabolic parameters. Similarly, no significant differences for triglycerides were observed. Actually, high 
levels of triglycerides are important risk factors for cardiovascular disease not only for the metabolic and 
biochemical properties but also because they are a mirror of the incorrect dietary habits. In our study 
population, only small nonsignificant changes for triglycerides’ levels were obtained, allowing us to 
hypothesise that subjects did not modify their diets during the study.



Interestingly, in our investigation, we found that Kamut contains an elevated mineral content and that 
potassium and magnesium contents in the Kamut semolina/flour were significantly higher than that of 
the control. This difference was positively associated with an increase in blood potassium and 
magnesium after the ingestion of Kamut brand products.

Notably, in this study significant improvements on various aspects of the inflammatory profile were 
observed after ingesting the Kamut products. In particular, monocyte chemotactic protein-1 and 
macrophage inflammatory protein-1β were significantly reduced both after consumption of Kamut and 
the control. Actually, monocyte chemotactic protein-1 expression is essential for the earliest 
inflammatory response, which is marked by the recruitment of monocytes into the 
subendothelium.21 Moreover, IL-8, an additional chemokine and early marker of inflammation, was 
unchanged after consumption of both Kamut and the control showing that diet of certain foods may 
have a role in the regulation of different types of cytokine molecules. The significant reduction in IL-6, 
tumour necrosis factor-α and vascular endothelial growth factor only after consumption of Kamut 
indicates that the effect of the latter was potentially more rapid in improving the inflammatory response 
downstream of the earliest markers. In particular, IL-6 and tumour necrosis factor-α are the key pro-
atherogenic cytokines, which induce the expression of a vast array of inflammatory responses of 
endothelial cells and macrophages, whereas vascular endothelial growth factor enhances atherosclerotic 
plaque formation.22, 23, 24

Furthermore, after the dietary intervention phase with Kamut, protection against oxidative stress was 
observed in the blood, although the carotenoid and polyphenol (flavonoid) content and antiradical 
activity were equivalent in the Kamut semolina/flour and control semolina (used for pasta) with only 
significantly lower levels in the control flour. However, not all antioxidant substances were measured in 
this study, and it is likely that additional compounds in Kamut may have improved protection against 
oxidative stress in blood. Similarly, these antioxidant compounds are also instrumental for anti-
inflammatory properties.25

Although the results are promising, the number of participants (22 in total) represents a limitation of this
study. Further and larger studies need to be conducted before drawing any firm conclusion on the 
effects of such food products on human health. We are aware that changes in dietary and/or lifestyle 
habits could have affected parameters investigated. However, before initiating, all subjects were 
instructed by physicians and by an expert dietician to maintain their usual lifestyle habits.

In conclusion, the preliminary results of this study hypothesise that Kamut could afford health benefits 
by improving metabolic, lipid, antioxidant and inflammatory blood profiles. For the first time, the 
findings of this study provide data suggesting the benefits of Kamut. These results promote research to 
fully elucidate the link between specific components of the wheat and their beneficial effects in reducing
several cardiovascular risk markers. However, results must be interpreted with caution because 
significant differences obtained on the experimental arm but not on the control arm do not necessarily 
mean that treatment has had a real effect. Further studies are needed to draw conclusive findings.
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