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ABSTRACT:

AustralianFrodu’ad pulse grains are exported worldwide, predominantly to developing

countries Q\/ere essential mineral deficiencies putatively subsist. An in vitro digestion

e
model tha

N
used to examine the bioaccessibility of Fe, Mg, K, Ca, P, Zn, Mn and Cu in commercially

human gastric, intestinal and colonic digestion and fermentation, was

available cuitivags of Australian field pea, lentil and sweet lupin. The hull and dehulled seeds

were prepuowing a traditional cooking method, and quantities of bioaccessible

minerals wessed at each stage of in vitro digestion using ICP-OES elemental

analyses. revealed that dehulled field pea (100 g dry weight) had the highest
D

bioaccess tity of Fe (2.44 £ 0.73 mg), K (717.10 £ 56.66 mg), P (272.88 + 9.30 mg),
Zn (1.72.(@8 mg) and Cu (0.41 £ 0.02 mg). Dehulled lupin was the best source of
Mg (138.62 + 1.53 mg) and Mn (1.28 £ 0.0.06 mg), and lentil hull showed the greatest Ca
bioaccessible tity (116.33 £ 16.73 mg/100 g dry weight). Additionally, the fed state
digesti : bile /ml sample) increased the bioaccessibility of all elements significantly
(P<0.0 ared to fasted (1.95 mg bile / ml sample), except for Zn and Mn in lupin and

lentils. These results demonstrated that dehulled seeds possess higher mineral

bioaccesssllit¥ on a percentage basis compared with hulls, and that the fed state of in vitro

digestion @/ improved the mineral solubility significantly (p<0.05).

Keyworcessibility, Essential minerals, Legumes, Pulses, in Vitro Gastrointestinal
Digesti

-

Practical ication:

This research aigaed to assess the prospective biological accessibility of various essential
elemeéommercially available Australian pulses. Results of the study provided
an insight into the contents of essential minerals in Australian pulses and illustrated the

This article is protected by copyright. All rights reserved.



impact of traditional cooking of dehulled pulses on these minerals bioaccessibility. These

findings will provide the consumers with information about some nutritional aspects of major

|

Australian®pulses.

erip

Introduct

Dietary esgefifial#ninerals such as Fe, Mg, K, Ca, P, Zn, Mn and Cu are crucial components

s

for variou ogical processes that serve to uphold bodily functions (Gupta & Gupta,

U

2014). | te intake of these elements can contribute to the development of mineral-

f

dependeniidiseases associated with egregious monetary and intangible losses (WHO,

2010). H mineral deficiency remains a prevalent dietary issue hindering the

dl

wellbeing n populations worldwide, particularly in developing countries where dietary

diversi ited (Bailey, West, & Black, 2015; Beal, Massiot, Arsenault, Smith, & Hijmans,

2017). een widely documented that only a proportion of total minerals contents are

M

released from the food matrix following digestion, and small amounts become physiologically

1

accessibl orption within the gastrointestinal tract (Etcheverry, Grusak, & Fleige,

2012). C @ d with animal products, minerals from plant foods are known to be less

bioavailable™dt€ to the presence of anti-nutritional compounds; engendering the widespread

h

consumpti@n of plant-based diets as a major prevailing factor impeding global mineral

sufficie & Srinivasan, 2016).

ut

The se ulses such as the field pea (Pisum sativum), sweet lupin (Lupinus

A

angustifolius) lentil (Lens culinaris) are deemed to be good sources of dietary essential
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minerals (Curran, 2012; Vaz Patto et al., 2015), as summarised in Table 1. Their routine
consumption in diverse cultures, amalgamated with an affordable and nontoxic nature
constituﬁsusainable approach to alleviate mineral deficiencies through household
consumpt, Chen, Milner, & Fernald, 2016). Although mineral bioavailability in
pulses aresgemenally considered to be low due to the presence of anti-nutritional compounds
(namely p id and polyphenoils) that form insoluble complexes during digestion

(Alegria - W@ oran, Barbera - Saez, & Cilla - Tatay, 2015), the chemical composition of pulses

C

can differ m«/ith genetic disposition (species and cultivars), growth environment, and
tiohs

soil condi (Wang & Daun, 2006). Screening for pulse genotypes with superior mineral

bioavailabilit; is SUS a promising strategy to exploit natural variation. Such approach has

been suc:accomplished for Zn in wheat (Triticum spp.) (Welch, House, Ortiz-

Monasteri ng, 2005) and the common bean (Phaseolus vulgaris) (Ramirez-

Cérdenas@ Costa, & Reis, 2010).
Existinz pulse mineral bioavailability are challenging to compare due to variation

in the methods used (Sahuquillo, Barbera, & Farré, 2003), and those focused particularly on
Australianﬁare scarce (Karnpanit, Coorey, Clements, Benjapong, & Jayasena, 2017).
As a majo @ er to developing regions including the Indian sub-continent and Middle
East (Puls lia, 2015), there is a potential in identifying pulse genotypes appropriate
for theﬁ This study aimed to compare the mineral bioaccessibility of three high-
protein Msmld pea, lentil and sweet lupin) using an in vitro gastrointestinal digestion

model. These t;ee pulse cultivars Lupin (cv. Mandelup), lentil (cv. PBA Jumbo) and field

pea (cv&) are of high yield and are available through the Australian trade market.
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To simulate the conditions in which the pulses are consumed, grains were milled and cooked
using a traditional preparation method. Since the discharge of bile as a lipid-digestive agent
is aﬁecw presence of food in the small intestine, this study also examines the effect
of fasted @ g bile extract/ml digested sample) and fed states (10 and 40 mg bile
extractim|eigested sample) on mineral bioaccessibility in individual pulse components (hulls
and dehulh') (Fu et al., 2015). Minerals were extracted at each stage of

gastrointegtinal digestion and quantitated using ICP-OES.

SC

Materials an thods

r

3.1. Plant

Field pea ativum L.) cv. Oura was sown in Rokewood, Victoria (37°55'0"S

144°08'0"

dli

26™ of April, while sweet lupin (Lupinus angustifolius L.) cv. Mandelup

and le S culinaris L.) cv. Jumbo were sown in Ouyen, Victoria (35°06'51"S
142°03! n the 5 and 6™ of May, 2016 respectively. The growing site characteristics
are shown in Table 2 (Bureau of Meteorology, 2016). Lentil and lupin were harvested

during theMek of December, while field pea was harvested during mid-December. A

-

-

3.1.2. Po:t treatment
Each sample dehulled and the cotyledon was split using a ICARDA splitter
(Intern¢tre for Agricultural Research in Dry Areas, Beirut, Lebanon). The

dehuller/splitting equipment consists of two carborundum disks, with the bottom disk set at
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500 rpm and the top stationary. The gap between the two rotating discs were adjusted
based on seed size. Hulls and split cotyledons were separated using an aspirator
(Kimse(Mra, Western Australia). Samples were then ground to a fine powder using
the Perte @ ammer Mill fitted with a 0.8 mm screen (Perten Instruments, Hagersten,

Swedem), amelsstered in polyethylene bags until use.

L

O

3.1.3. Reagents

Bile extra e), bile salts (for microbiology), guar gum, pectin, CaCl,, mucin (porcine
stomach),gasein (bovine), NaHCO,, L-Cysteine HCI, MgS0O,.7H,0, were purchased from

Sigma-Aldmstle Hill, Australia). Pepsin was acquired from Acros Organics (Morris

Plains, Un es). Pancreatin (porcine pancreas), nutrient broth (Oxoid®), phosphate

buffere e (Oxoid®), plate count agar (BD™ Difco™), bacteriological peptone (L34),
pepton ne and yeast extract were obtained from ThermoFisher Scientific (Scoresby,
Australia). Tween 80, NaOH, NaCl, KCI, HNO; (70%) and H,O, (30%) were purchased

from Cherm (Gillman, Australia). KH,PO, and KOH were obtained from Merck

(FrencheAustraIia).

3.2. Pulsegslurrieg preparation and in vitro gastrointestinal digestion

h

{

Ground cotyledofiand hull (2 g £ 0.001 g) from lentil, lupin, and field pea samples were

b

weighed into 1 L glass beakers. Each sample was mixed with tap water at ratios

varyin 7 for field pea (Eyaru, Shrestha, & Arcot, 2009), to 1:10 for lupin and 1:3 for

A

lentils (Embaby, 2010; Quinteros, Farré, & Lagarda, 2001). However, the final ratio used for
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lentils was modified to 1:5.5 ml, as preliminary testing of the reported ratio (1:3) was
insufficient to form a wet slurry. Samples were cooked on a hot plate (Haines Educational,
Knoxfiewa) at the highest setting until the slurries thickened, yet without eye-visible
colour ch Maillard reaction products. From preliminary testing, the cooking
times undemtihese conditions were 7, 12 and 15 min for lentil, pea and lupin, respectively.
Each pulsg was cooked three times on the same hot plate, and slurries were then

cooled to foom tdimperature. Cooked pulse samples were digested following the in vitro

C

gastrointegtin odel developed by Fu et al. (2015), with some modification to account for

S

difference s@mple volume and scope of this study. The original model comprises of a

two-step procedule, simulating digestion environments found in the stomach and small

U

intestine, r, ively. In our study, an additional in vitro colonic fermentation step was

added to

Nn

roducts from intestinal digestion. All experiments were performed in

triplicate, Wit licate blank samples containing 20 mL tap water also digested in vitro as

d

negative controls.

=

3.2.1. Preparation of simulated gastric and intestinal fluids

[

Simulated ic and intestinal fluids were prepared according to the original model (United
States Ph eial Convention, 2009). For the gastric fluid, 2 g (£ 0.01 g) of NaCl and 7
mL of HC 0, W/v) were dissolved into 800 mL of MilliQ water, with the pH adjusted to 1.2

using 1 a olution. Pepsin (6.4 mg/mL) was stirred into the solution for 15 minutes

th

before us

U

For the i | fluid, a solution containing 5 mM Phosphate Buffered Saline, 0.4 M NaCl

A

and 15 mM CaCl, was prepared in Milli-Q water and adjusted to pH 6.8 (+ 0.05) with 1 M

This article is protected by copyright. All rights reserved.



NaOH and 1 M HCI (Fu et al., 2015). Prior to use, pancreatin (10 mg/mL) and bile (0.5 or
30 mg/mL) were gently stirred into the solution. The two respective bile quantities are a
proxy oMncentrations secreted by the gall bladder during fasting (absence of food) and
fed condit the range lies between 2 - 6.4 mM for fasted and 0.5 - 37 mM for fed
(Fu et ak, 28dbGmidolm, Mullertz, & Mu, 2013). The selected bile concentrations used in this
study werL}uivalent to final volumes of 1.95 mg/mL and 11.7 mg/mL for the fasting

and fed st@tes, r@spectively.

SC

3.2.2. In vitro gaSiric and intestinal digestion

Ul

The cook slurries were transferred into 50 mL polypropylene tubes containing 5 mL

n

of simulat ¢ fluid with pepsin (6.4 mg/mL). Samples were incubated for 2 h at 37 °C
ina shaki@tor (ZWYR-240, Labwit Scientific, Shanghai, China) at 50 rpm.

Digesti sed by adjusting sample pH to 6.8 with 1 M NaOH, where pepsin was
denatured (F I, 2015). The digests were centrifuged at 4500 rpm (2490 g) for 30
minute i Q5, Waltham, United States) to separate the soluble and insoluble

fractions. gThe pulse hulls, which contained low molecular weight particles that could not be

£

separated@ speed, were filtered using 70 mm ashless quantitative filter paper (No. 40,

Whatman, Aldrich, Castle Hill, Australia) to obtain the two fractions. A higher speed

was not uge

cell walls (JTerry &

Tako, Cicﬁsinger, 2016). The isolated soluble gastric fraction was frozen at -20 °C

entrifugal force above 3000 g may impose unwarranted damage to plant

Bonner, 1980), which can in turn influence mineral bioavailability (Glahn,

for further lysis.
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To perform the intestinal digestion at fasted and fed states, the insoluble fraction from gastric
digestion was quantitatively transferred and mixed with 6.4 mL of simulated intestinal fluid
(pH 6.8%9 pancreatin (10 mg/mL) and bile (1.95 mg/mL and 11.7 mg/mL for the
fasting an @ tes, respectively) as described before. Samples were incubated for 3 h
at 37 *@inmamsh@aking incubator (ZWYR-240, Labwit Scientific, Shanghai, China) at 50 rpm,
and digeSL\inated by placing samples in ice prior to centrifugation or filtration under

the same €onditighs as gastric digestion. The isolated soluble intestinal fraction was also

C

_ o,

frozen at r further ICP analysis. To ensure consistency through the colonic

S

fermentati r@Cess, all insoluble fractions obtained from this step were immediately frozen

at -20 °C, until defrosted and pre-warmed to 37 °C for colonic fermentation as a single batch.

NG

3.3. In vitr ic fermentation

d

3.3.1. re preparation

Huma ora that has been extracted in the same laboratory in a previous investigation

M

(Sirisena, Ajlouni, & Ng, 2017) and maintained at -80 °C was used in this study. The frozen

1

human mi was thawed aseptically in a bacteriological cabinet, and activated using

nutrient by epare the stock cultures.

ho

3.3.2. Baaoterial emumeration

:

Bacterial enumenation took place prior to, and after 24 h of simulated colonic fermentation.

Ul

For the initial eration, previously prepared faecal stock culture (1 mL) was aseptically

introdu 9 mL of sterile bacto-peptone (0.1%) as the first tube of the dilution series,

A\

This article is protected by copyright. All rights reserved.



thoroughly vortexed and serially diluted again up to 10 in the same diluent. The same

procedures were followed for samples after 24 h of fermentation.

pt

A spre%i Whnique was used in the bacterial enumeration, where 0.1 mL of selected

serial dilu

]

spread onto plate count agar in quadruplicate (Sanders, 2012). Half of

these inoglilatedplates (two) were incubated aerobically, and the other half anaerobically at

USC

37 °Cfor 4 The final colony counts were reported as log colony forming units/mL (Log

CFU/mL).

3.3.3. Basal medium preparation

fl

The basal used for fermentation was based on the method of Dall’Erta et al. (2013)

d

with minor adjustments. Briefly, 2.5 g peptone, 2.5 g tryptone, 2.25 g yeast extract, 2.25 g

KCl,45¢g g mucin, 1 g pectin, 1.5 g casein, 0.75 g NaHCO;, 0.4 g L-Cysteine HCI,

Vi

0.62¢ 0, 0.5 g guar gum, 0.25 g KH,PO,, 0.2 g bile salts, 0.55 g CaCl2 and 0.5

mL Tween 80 were suspended in 500 mL of Milli-Q water and autoclaved at 121 °C for 20

I

min (3041 , 1hermoline Scientific, Wetherill Park, Australia). Polysaccharides (soluble

starch anc

bgalactan) present in the authors’ original medium were eliminated as

similar car, tes are deemed present from the pulse intestinal digesta.

th

3.3.4. Batch colonhic fermentation

Gl

The insol ction remaining from each intestinal digestion replicate was weighed (5 g)

intoa 50 m opylene tube (Corning CentriStar™, ThermoFisher Scientific, Scoresby,

A

Australia). This was inoculated with 2 mL of previously prepared faecal stock culture and 3
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mL of basal medium, both were pre-warmed to 37 °C. Tubes were flushed with N, gas
(purity 4.0, Coregas, Thomastown, Australia) before the lids were tightened and placed in
anaerotwﬂs with a gas-pak (AnaeroGen™ ThermoFisher Scientific, Scoresby,

Australia)erobic indicator (BR0055B, ThermoFisher Scientific, Scoresby,

Australia) ss@m@ambers were placed into a shaking incubator (ZWYR-240, Labwit Scientific,

Shanghaihat 37 °C and 50 rpm for 24 h.

ThepHo was measured (HI9124, Hanna Instruments, Keysborough, Australia)

SC

before an(E |mm5iately following fermentation. Samples were then centrifuged at 8000 rpm
for 20 min (Jouan C3i Q5, Waltham, United States), with the soluble fraction separated and

o

stored at -

(O

3.4.1In oupled Plasma Optical Emission Spectrometry (ICP-OES) Elemental

til processed for acid digestion and ICP analysis.

Analys

o
3.4.1. Aci@on

All soluble (bi essible) fractions from in vitro digested/fermented pulse samples (gastric,
intesti nic) were subjected to acid digestion accordance with the closed
polyprowe method reported by Wheal, Fowles, and Palmer (2011) with some

modifications. jquots (5 mL) from each soluble gastric, intestinal and colonic digest were

Ul

transferred int 0 mL polypropylene tubes (227261, Greiner Bio-One GmbH,
Fricke , Germany) containing 2 mL of 70% HNO; and 0.5 mL of 30% H,O,,

thoroughly vortexed, and pre-digested overnight at room temperature. Samples were again
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vortexed prior to being placed into a modified aluminium digestion block with proportional—
integral—derivative (PID) control (The University of Melbourne, Australia) for 30 min at 80 °C
(warmiwmen gradually increased to 125 °C for 120 min at 5 °C intervals. Tube
caps were @ ed to equalise pressure during the initial 30 min at 80 °C, and tightened

firmly by thesemeof the warming period before continuing digestion, and cooling to room

temperattL completed.

BpC

Referenc amples (undigested) were prepared (acid digested) to measure the total

minerals presens-\' different pulses and their hulls. This was prepared following the same

procedures: excef)t for the first step where 0.3 g (+ 0.001) of the original dry ground pulse

(O

flour was

Toma o HNO; sample matrix of the calibration standards used, all samples were
diluted i I-Q water to an acid content of < 5%. The volumes needed were 20.5 mL for
samples involved in the bioaccessibility studies and 22 mL for reference samples (not
subjectedmmntestinal digestion). An accurate volume (9 mL) of each acid digested
sample e@s filtered using 0.45 pm syringe filters (Target2™ Nylon, ThermoFisher
Scientific, sby, Australia) and transferred into 10 mL screw-cap polypropylene tubes
(Sarstedt,gawson Lakes, South Australia) for ICP analysis. Nitrile gloves worn during

digestiMed prior to use to reduce potential contamination.

-

3.4.2. I{spedﬁcaﬁons
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The elemental analyses were performed using an Optima 8300 DV ICP-OES (Perkin Elmer,
Glen Waverley, Australia) equipped with the syngistix for ICP 1.0 software, meinhard type K
concenWebulizer, glass cyclonic spray chamber, and a radial view optical emission.
The opera @ ditions involved power (1450 W), Ar. flow rate (15 L / min), Ar Auxiliary
flow (02 Lfemaimjm@nd Ar Nebulizer flow (0.6 L /min). Samples were injected using an
automatehr (S10, Perkin Elmer, Glen Waverley, Australia). The measured elements
were obs@diﬁerent wavelength (Iron, 259.94; Magnesium, 285.21; Potassium,
766.49; Calgi 17.93; Phosphorous, 213.62; Zinc, 206.2; Manganese, 257.61 and
Copper 3M). Calibration curves for elements were generated using multi-element
standards (ICP-;M? and ICP-AM-12 Solution A, High-purity standards, Charleston, United
States). tund correction was applied to all wavelengths (Table 4), and multiple

emission | e used to check for spectral interference. Random and targeted repeat

analysis rmed to improve confidence.
3.5. BiZty calculation

This curres study used the term bioaccessibility to refers to the fraction of mineral that was

released fmexamined pulses during in vitro digestion and becomes accessible

(available orption. Bioaccessibility should be distinguished from the term

bioavamch is defined as the fraction of nutrients or food components that have
been efficiently invivo digested, assimilated and then absorbed in the body (Fernandez-
Garcia et ﬁ). Consequently, it could be concluded that bioaccessibility of the studied

minerals i quisite for their bioavailability.

fiCentfations of Fe, Ca, Mg, Zn, Se, K, P, Cu and Mn were quantified in the soluble

(bioavailable) fraCtion obtained from in vitro digestion and fermentation. Bioaccessibility
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was determined using the equation proposed by Khouzam, Pohlb, and Lobinski (2011) and

Sahuquillo et al. (2003);

T

Bioaccegssibilityaa (g) x 100

Cr

where A is ncentration of the element in the bioaccessibile fraction following the three-

S

step simulated digestion, and B is the concentration of the element in the raw, uncooked
sample of nt weight. The minerals present in tap water and reagents were also

analysed rected for in the final bioaccessibile fraction.

NY

3.6. Statist lysis

a

Total perc bioaccessibility of the three pulses were performed using balanced (three-

way) A % confidence. The three factors included pulse type, component (hull or

M

dehulled seed) and digestion state (fasted or fed). Comparisons between the means within

r

each puls ere assessed using Fisher’s least significant difference (LSD) test. All

statistical g5 were carried out using Minitab 18 (Minitab Inc., Sydney, Australia).

Result ussion

Lth

It is well known that only a small fraction of minerals in a food, particularly those plant-based
are readily le for absorption by the human body (Platel & Srinivasan, 2016). To our

knowledge® is the first systematic study that compares the bioaccessibility of multiple

A

essential minerals in the major components of different Australian-grown pulses, using in
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vitro gastrointestinal digestion. In addition, the study quantified and compared essential
minerals in two primary components of the seed: the dehulled cotyledon/embryo and seed
coat. Ithoted also that tap water was used during cooking of these pulses in order
to mimic ces. However, mineral contents in tap water should not affect the
results morsiesaims of this investigation, since all experiments included duplicate blank

samples chg 20 mL tap water as negative controls (slurries preparation, section 3.2).

41. Minemnts in raw pulses

The absolEents (mg/100 g dry weight = dwt.) of eight essential minerals (Fe, Mg, K,

Ca, P, anfu) in both pulse cotyledon and hulls are shown in Table 3. These data
revealed t hulls generally contained greater amounts of Ca relative to its dehulled

counterpamam-fold more in lupin, 12.93 in lentil and 13.18 in field pea. On the

contrar tained less amounts of P, Mn and Zn in comparison with the cotyledon
(dehulled pul For example, the average K contents in lupin cotyledon and hull were
1007.75146. nd 393.48 + 31.79 mg / 100 g dwt., respectively. All other tested minerals

(Fe, Zn, Ns and Cu) were present in very small quantities in both hull and cotyledon of all

pulses. mnts in all tested pulses were the smallest in comparison with all other

minerals below the detection limit (< 0.003 mg/ 100 g dwt.) in lupin hull.

th

Hulls are €onsidered mostly as a fibrous fraction of the seeds (Tosh & Yada, 2010). Data in

9

the literature regarding the mineral content in hulls are very limited as pulses are typically
analysed a hole or dehulled seed (Sparvoli, Bollini, & Cominelli, 2015; Wang, Hatcher,

Tyler, TO Gawalko, 2010). Among the studies of hulls and de-hulled seeds was the

A

investigation by Hove (1974) in New Zealand. The author reported that the amounts of Mn,
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Zn, Cu and Fe in hulls of a sweet lupin cultivar were 1.7, 3.7, 0.89 and 6.5 mg/100 g dwt,
respectively. However, results from this current investigation revealed that sweet lupin hull
containmntly greater amount of Mn (4.49 + 0.01 mg/100 g dwt), similar amount of
Zn (3.05 @ g/100 g dwt), and significantly smaller quantities of Cu (below detection
limit) amd Fen(@s28 + 082 mg/100 g dwt) (Table 3). These variations in the detected
amounts hls may be attributed to the usage of different instruments in the analysis

(atomic at@ spectroscopy versus ICP-OES) along with other variables including lupin

cultivar angiag conditions.
Another s i e United States by Ariza-Nieto, Blair, Welch, and Glahn (2007), on
mineral ¢ the hull of common bean (Phaseolus vulgaris) showed a wide range of Fe

content (3‘ 15.6 mg per 100 g dwt), which is close to the range obtained in this current

investigation of ti;e hull from three different pulses [(3.28 (lupin) — 8.99 mg/100g dwt field

pea)].

The cogs of tested minerals (Table 3) in the dehulled seeds (cotyledon) were

found to bg within the range of those reported in the literature for field pea, sweet lupin and

green Ienbminerals content in dehulled lupin, lentils and field pea were 4.38 + 0.55,

5.50 £ 0. 765 + 0.99 mg/100 g dwt for Fe; 1007.75 + 46.61, 969.65 + 45.34 and

1111.12ﬂvg/1oo g dwt for K; and 0.55 + 0.01, 0.4 + 0.1 and 0.55 + 0.04 mg/100 g
dwt, for Cy, respectively. Compared with dehulled lentil and field pea, dehulled lupin was

foundto b jcularly good source of Mg (217.46 + 13.78), Ca (113.56 £ 20.5) and Mn
(5.030. 0 g dwt). The K content of dehulled field pea (1111.18 £ 28.57 mg/100 g
dwt) (Ta as greater than the range reported in the literature (920.5 — 966.5 mg/100 g
dwt) for Ca grown dehulled pea (Wang, Hatcher, & Gawalko, 2008). Similarly,

minerals contents in dehulled lupin, Ca (113.56 + 20.5), Zn (4.86 + 0.95) and Fe (4.38
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0.55) were greater than those reported by Karnpanit et al. (2017) (90.66, 2.05 and 3.50

mg/100g dwt, respectively).

I

4.2. Miiermcessibility

Since minhbility is a prerequisite for absorption (Etcheverry et al., 2012), results from

C

this study Rresen¥the maximum percentage of each element that is released from the food

matrix follgwi oking and in vitro gastrointestinal digestion. The reported literature on

S

the minerals bioavailability from pulses, have focused mainly on Fe and Zn and their

deficienci | & Srinivasan, 2016). Investigations of other essential elements often

3

overlooke am et al., 2011; Lagarda, Cilla, & Barbera, 2016). Additionally,

1

discrepan e bioavailability assessment methodologies used can generate varying

results dug t ematic differences (Drago, 2017; Sahuquillo et al., 2003). Unsimilar to

S

the in d studies which involved mainly gastric and intestinal digestion
(Etcheverry 2012), this current investigation examined all three steps of

gastroi estion including the step of colonic fermentation.

r M

The total { @ ge bioaccessibility of Fe, Mg, K, Ca, P, Zn, Mn and Cu, as well as the

amount re uring each of the three digestion steps are shown in Tables 4, 5, 6, 7, 8,

N

9,10 a ectively. The highest overall total percentage bioaccessibility was found

t

in Cu (up o, field pea) (table 11), and the lowest in Fe (0.1%, lentil hull) (Table 4). The

individual bioaccgssibility values for various tested minerals ranged from 0.1 to 45.13% (Fe),

U

31.21 to 74 g), 13 to 61.87% (K), 9.98 to 52.68% (Ca), 12.67 to 68.32% (P), 0.35 to

39.38% 35 10 69.21% (Mn), and 49.91 to 80.08 (Cu). The data revealed that mineral

A

bioaccessibility varied among the tested pulses. For examples, field pea released the
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highest bioaccessibile Fe (45.13%, Table 4), Mg (74.19%, Table 5), P (68.32%, Table 8), Zn
(37.55%, Table 9) and Cu (80.08%, Table 11), Lupin was the best source of b bioaccessibile
K (61.8M 6) and lentils had the highest % bioaccessibile Mn (69.21% Table 10).

O

Data reve

1

ificant (P < 0.05) three-way interactions between the pulse type,

compone@nd Cotyledon), and digestion state for all elements except Mg and Ca,
indicating tha three factors are multiplicative in determining the total bioaccessibility.
With all tewments, the pulse type alone displayed a significant (P < 0.05) effect on the
bioaccess@each element with the hulls exhibiting considerably lower bioaccessibility
than dehulled pulses (Tables 4 to 11). Additionally, the fed state of digestion (11.7 mg bile
/ml samplﬁally increased the bioaccessibility of elements significantly (P < 0.05)
compare d (1.95 mg bile / ml sample) except for Zn in lupin and lentils (Table 9) and

Mn in Iup|n nd¥entils (Table 10) where the fasted state showed significantly (P > 0.05)

greater bi sibility. This increase in mineral bioavailability with higher bile

conce y be due to the formation of bile-mineral soluble complexes, which

become more available (Sitrin, 2014).

L

Most of the lously reported studies on minerals bioavailability focused on 2-3 elements

h

and investigated the effect of gastric and intestinal digestion only. For example, Singh,

Prasad rsberg (2016) applied the in vitro gastrointestinal digestion to examined

{

the bioav of Fe and Zn only. This current investigation examined the

bioaccessibility of eight elements (Fe, Mg, K, Ca, P, Zn, Mn and Cu) during the

gastroi | digestion and colonic fermentation. As anticipated, including the colonic

fermentation improved mineral bioaccessibility via the release of more minerals during

This article is protected by copyright. All rights reserved.



fermentation. For example, the bioaccessibility of Fe from in vitro gastrointestinal fed state
digestion of dehulled and hull lupin reached 10.82 £ 1.2 and % 3.27 £ 0.5%, respectively.
Addinvialues revealed a total Fe bioaccessibility from both dehulled and hull
lupin duriointestinal digestion of 14.09% (Table 4), which is similar to the %
bioavailabilitysefslse from pulses as reported by Singh et al. (2016). However, adding the
amount of;ssibile Fe from the colonic fermentation of dehulled (13.2 £ 0.95) and hull

lupin (4.7 8+ 1.4%) will bring the total bioaccessible Fe to 32.00 %, which is much larger

C

than the gastrigmioavailable value (14.4%) reported by Singh et al. (2016). Similarly, the

S

total bioac |ty of Zn from both hull and dehulled lupin (fed state) detected in this

current study reaghed (25.50%) (Table 9), which is much greater than the value (4.02%)

reported C et al. (2016).

Another in mlon by Das, Raghuramulu, and Rao (2005) revealed that the % ionisable
iron (bioa in whole pea was 35.66 + 4.44%, which was similar to the average value
of 37.3 cotyledons detected in this study. It is interesting to observe this

resemblance in bioaccessibility, despite differences among the tested cultivars, the methods

of sample tion and extraction, the presence of hulls, and the machine used in mineral

quantitaUO
L
r—

(namely Fﬁ P and Zn), was very small to no discernible quantities (<0.1%) during
igesti

intestinal

&

Khanal, 2008), who reported main absorption of Ca, Mg and K in the human colon. The

Result urrent study revealed also that bioaccessibility of several elements

, While larger quantities of these mineral were absorbed in the colon.

These were in agreement with (Blaine, Chonchol, & Levi, 2014; Gropper, 2008;
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small bioavailable fractions of minerals during intestinal digestion may partially explain why
Fe from pulses continue to show poor bioavailability in human studies, even in anaemic
individumabsorptive mechanisms are upregulated (DellaValle, Glahn, Shaff, &
O’Brien, et al., 2012). As pulse hulls are known to contain up to 90% of the
phenolie cempeunds (Duefas, Hernandez, & Estrella, 2002; Ramdath & Tsao, 2012), the
poor bioa\&/ of Fe and other cations may be attributed to the formation of insoluble

complexeg§lby polyphenols during intestinal digestion, as polyphenols are good chelators of

C

both Fe?* m (Bouglé, 2013). However, further studies are required to confirm
whether the®€ol®h can facilitate the absorption of minerals other than Ca, Mg and K, where

some elements (8.g. Zn) have been shown promise in animal studies to be absorbed

Gl

through th (Gopalsamy et al., 2015).

dll

The study’ me supports the recurring notion that due to quantity and distribution

difference ro- and anti-nutritional factors in pulses, higher mineral concentrations do

not al te with higher bioavailability (Karnpanit et al., 2017; Sahuquillo et al.,

v

2003). This pattern of poor correlation was particularly evident for Fe in the hulls, where

I

percentag essibility was consistently lower than their dehulled counterparts, despite

possessi gl concentrations. This observation was not an issue for Mg, since

nutritionallysigaificant amounts of Mg (42.3%, 49.66% and 36.44%) were still bioaccessibile

q

in the in, lentils and field pea pulses (fed state), respectively (Table 5). In

{

compar vels of total Fe bioaccessibility (< 0.1%) was found in the lentil hull

compared with 4233 + 2.3% in dehulled lentil (Table 4), regardless of encompassing more

Ui

Fe in lentil hul 9 + 0.79 mg dwt) compared with its dehulled counterpart (5.50 + 0.52

mg/10 Table 3). Consequently, it should be recommended that dehulled seeds

A

should be consumed where maximal Fe and Mg bioaccessibility is desired. Similarly, the
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lentil hull contains significantly (P < 0.05) larger quantity of Ca (427.46 + 40.52 mg/100g dwt)
than dehulled lentils (33.07 + 5.15 mg/100g dwt) (Table 3), however, only small percentage
(27.23 Wlentil hull Ca was bioaccessibile in comparison with 52.68 + 0.9% from
dehulled I 7). Considering the fact that lentils hull contains a huge amount of Ca
(427 .46t 40u62umg/100g dwt), even the relatively small percentage bioaccessibility (27.23 +
0.8%) willg decent amount of dietary Ca, despite having low Fe and moderately low

Mg bioacagssibility.

SC

Conclusion

U

The pres confirmed previous suggestions that pulses with high essential mineral

n

content d ays possess greater minerals bioaccessibility. Comparing the three

examinedipu it can be concluded that field pea cultivar contained the highest

d

bioacc ntity of Fe, Mg, P, Zn and Cu. Lupin was the best source of K and Ca,

and lentil hul ained the most Ca. While dehulling the seed appears to improve the in

M

vitro bi ty of most elements, it must be noted that some loss of minerals is

expected,gparticularly for Ca. Results of digested fractions suggested a prevailing factor of

[

low minera cessibility in pulses. The severe and common known deficiency of some

9

minerals, Fe and Zn can be attributed to the low bioavailable fraction found at the

site of ab Though this is likely to be a result of anti-nutritional compounds that form

n

i

insoluble complexes, further studies are required to confirm this. In vivo studies for

elements in the soluble fractions would also improve the current understanding of

U

essential mi ioavailability.

A
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Tables

1. Adult nutrient reference values for essential elements in Australia on a
asis, relative to the amount found in 100g pulses

Aui’s

Estimated average Recommended Amount found in

requirement (EAR) daily intake (RDI) 100g dry pulses
Iron (Fe) m 6 -8 mg 8 -18 mg 4.82 -8.80 mg
Zinc (Zn 6.5-12mg 8 —-14 mg 2.62 - 3.96 mg
Calcium (C% 840 — 1100 mg 1100 — 1300 mg 59.3 — 165 mg
Magnesium (Mg 255 - 350 mg 310-420 mg 171 — 250.2 mg
Selenium (§) 50 — 60 ug 60— 70 ug 171.6 — 223.2 ng
Copper (Cu)* N/A (Al: 1.2 — 1.7 mg) N/A 0.77 - 1.43 mg
Phosphoro 580 mg 1100 mg 317.4 —426.5 mg
Potassium (g N/A (Al: 2800 — 3800 mg) N/A 970 - 2017.3 mg
Mangan£ N/A (Al: 5 — 5.5 mg) N/A 1.13-5.43mg

ment current evidence to set an EAR or RDI. an Al (adequate intake) has

thus beenjd based on median intakes from national dietary surveys.

Source: aty, 2003; Khanam & Platel, 2016; National Health and Medical Research
Counci
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Table 2. Site characteristics (Bureau of Meteorology, 2016; Victorian Government Data
Directory, 2017)

I ' Rokewood Ouyen
Soil type Heavy red clay Loamy sand
Minimum & 5.7°C 52°C
Maximdfh ture 25.6 °C 32.3°C
Approx. aminfall (1994-2016) 525 mm 331 mm
Rainfall dl‘ing th’growing season 412 mm 213 mm

(April — De

~

Table 3. Total mieral concentrations (mg/100 g dry weight) in the pulses studied. Data

represent

n of six measurements + SD

Mineral ! Dehulled Pulse Hull
pin Lentil Field Lupin Lentil Field
pea pea
Fe 8+ 5.50 + 5.65 328+ 6.99 + 8.99 +
0.55 0.52 0.99 0.82 0.79 0.09
Mg 217.46 71.36 + 81.65 + 169.66 + 269.41 285.95 +
+13.78 4.27 9.84 18.76 +23.11 25.96
K 1007.75 969.65 + 1111.18 393.48 + 381.02 1264.83
ue.m 45.35 +28.57 31.79 +27.38 +98.57
Ca 56 + 33.07 + 30.47 £ 652.65 + 427.46 401.72 +
5 5.15 4.31 33.55 +40.52 50.08
P 98 + 259.52 + 386.99 + 119.76 + 195.04 96.49 +
28.43 21.36 28.85 16.95 + 26.56 11.74
Zn I #6 + 1.99 + 4.38 % 3.05+ 145+ 3.04 +
.95 0.36 0.72 0.80 0.35 0.60
Mn 53 + 1.58 + 1.212 449 + 0.82+ 0.90 +
43 0.36 0.20 0.01 0.12 0.27
C 55+ 55+ 56 + 3+
u 0.4 0.1 0.55 . 0.56 0.3
0.01 0.04 0.06 0.56

*denotes below

This article is protected by copyright. All rights reserved.

tection limits of the ICP-OES at the amount quantified (0.3 £ 0.001 mg)



Table 4. Percentage iron (Fe) bioaccessibility relative to total quantity present in sample, values
reported as means of six measurements + standard deviation

Digestion % Fe Bioaccessibility
state
Pulse Gastric Intestinal Colonic Total %
— digestion digestion fermentation Bioavailability
Lupin “ Fasted 423+02° <0.1° 0.76 £ 0.6° 4.99 +0.8°
Fed 327+05° <0.1° 471 +1.4° 7.22+0.9°
on Fasted 1117 £04° <0.1° 1451 +047° 25.68+0.7°
w Fed 10.82 + 1.2° <0.1° 13.2 £+ 0.95° 24.02 + 0.8°
Lentils 3 Fasted <0.1° <0.1° <0.1° 0.10°
g Fed <0.1° <0.1° <0.1° 0.10°
Cotyledon  Fasted 52+0.3° 29+0.1° 17.47 £ 1.1° 25.57 + 1.4°
m Fed 7.4+11° 13.4 £ 0.7° 2153 +1.38"  4233+23°
Field Hull Fasted 0.9° <0.1? <0.1° 0.99 + 0.57'
pea
Fed 1201 <0.1° <0.1° 1.23"
gotyledon Fasted 6.4+0.1° 1.66 + 0.1° 21.36 +0.43"  29.42 + 0.66°
Fed 95+2.1° 11.55+ 0.6° 24.08+227  4513+0.23"
Means witolumn followed by different superscript letters (* b.c d) are significantly different
(P < 0.05).

Auth
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Table 5. Percentage magnesium (Mg) bioaccessibility relative to total quantity present in sample,
values I!pMneans of six measurements + standard deviation

' ’ Digestion % Mg Bioaccessibility
state
Pulse Gastric Intestinal Colonic Total %
w digestion digestion fermentation Bioavailability
Lupin Fasted 17.75+0.2° 12.64 +0.1° 8.92+0.2° 39.31 +0.2°
Fed 16.98 + 2.1° 14.87 +1.1° 10.45 + 0.2° 423 +1.4°
@n Fasted 2019+44°  1436+18  1509+008° 5864+27°
Fed 30.22 + 3.7° 14.33 £ 0.8° 13.18 £ 0.99° 57.73+0.2°
Lentils Fasted 18.73 + 0.6° 19.72 + 1° 4.46 + 0.53° 42.91+0.8°
Fed 17.62 + 0.5° 23.83+0.9° 8.21 + 0.34° 49.66 + 0.8°
n Fasted 23.11+1.8° 116 +3.1° 20.4 +0.33 55.11 + 1.3°
Fed 24.21+1.7° 13.26 + 1.5° 2258 +1.92"  60.05+ 1.96°
Field Fasted 19.9+1.1 511+0.3° 6.2 + 0.65° 31.21+1.5
pea
Fed 16.66 + 0.4° 13.91+0.7° 5.87 +0.39" 36.44 + 0.07°
gt;Iedon Fasted 28.67 + 1.3° 14.33 +0.8° 27.46 + 2.38' 70.46 + 0.87"
H Fed 29.78 +0.1° 19.91+ 0.2° 245+ 1,53 7419 £ 0.14'

Means wit
(P <0.05).

A

olumn followed by different superscript letters
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(a, b, c, d)

are significantly different



Table 6. Percentage potassium (K) bioaccessibility relative to total quantity present in sample,
values reg?ed as'neans of six measurements * standard deviation

P

Digestion % K Bioaccessibility
state
Pulse ™ Wm—— Gastric Intestinal Colonic Total %
s digestion digestion fermentation Bioavailability
Lupin c" > Fasted 40.95+1.1° <0.1° 15.35+2.85° 56.3+3.8°
Fed 38.69 +0.1° <0.1° 1457 +1.96° 53.26 +1.7°
wn Fasted 38.61 +2.8° <0.1? 22.66 +0.03° 61.27 +2.9°
: Fed 40.66 + 3.2° <0.1° 2121+1.42° 6187 +3.7°
Lentils Cun Fasted 10.4 + 0.3° <0.1? 2.6+0.37° 13+0.5°
Fed 9.6+0.4° <0.1° 7.14 + 0.86° 16.74 + 0.6°
y B N
ot ‘@ n Fasted 24.82 + 2.4° 76+0.2° 20.83 + 0.4° 53.25 + 0.4°
Fed 25.61 +0.8° 923+1.3 2345+ 1.7° 58.29 + 1.9°
WZ Fasted 17.7 £ 0.6° 2.7 +0.39° 8.76 + 0.38° 29.16 + 0.35°
pea
Fed 19.4 + 0.5° 55+ 0.2° 6.82 +0.7° 31.72 £ 0.37"
Fasted 15.23 +2.1° 9.86 + 0.65° 28.7 + 117" 53.79 + 0.5°
20.9 + 0.28' 14.15+ 0.16' 251 +2.11 60.15 + 0.7°
Means withj olumn followed by different superscript letters (* b.c d) are significantly different
(P < 0.05).

Autho%
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Table 7. Percentage Calcium (Ca) bioaccessibility relative to total quantity present in sample, values
reported as means of six measurements + standard deviation

Digestion % Ca Bioaccessibility
state
Pulse Gastric Intestinal Colonic Total %
— digestion digestion fermentation Bioavailability
Lupin “ Fasted 52+0.1° <0.12 478 +0.77° 9.98 + 0.5°
g ? Fed 6.79+0.7° <0.1° 6.04 + 0.33° 12.83+1.2°
on Fasted 10.68 + 0.4° <0.12 39.87 + 0.04° 50.55 + 3.9°
w Fed 12.57 £+ 3.1° <0.12 39.83 + 3.8° 52.4 +6.8°
Lentils : Fasted 8.48 + 0.15¢ 10+ 0.2° 3.63 £ 0.55° 22.11+0.2°
! Fed 8.15+0.5° 13.58 + 0.4° 55+1.3° 27.23 +0.8°
Cotyledon Fasted 18.31+0.7° 20.9 + 0.5° 11.7 £ 1.4° 50.91 + 0.5°
m Fed 20.35 + 1.6° 19.55 + 1.2° 12.78 £ 0.9° 52.68 + 0.9°
Field HUHE Fasted 11.11+£0.2° <0.12 408+1.1° 15.19+1.1"
pea
Fed 11.55+0.09° <0.1° 3.81+0.33° 15.36 + 0.55'
gotyledon Fasted 11.11+£0.2° <0.12 2492+ 0.3 36.03 + 1.29
Fed 219+ 3.12 <0.12 30.6 +2.219 52.5 + 3.08°
Means witolumn followed by different superscript letters (* b.c d) are significantly different
(P <0.05).
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Table 8. Percentage Phosphorous (P) bioaccessibility relative to total quantity present in sample,
values reported as means of six measurements + standard deviation

Digestion % P Bioaccessibility
state
Pulse Gastric Intestinal Colonic Total %
— digestion digestion fermentation Bioavailability
Lupin “ Fasted 24.75 + 1.47° <0.12 10.07 + 3.23° 34.82 + 0.4°
Fed 20.94 + 1.9 <0.1° 2278 +0.29° 43.72+1.0°
on Fasted 20.59 + 2.7° <0.12 15.6 + 1.53° 36.19 + 2.4°
w Fed 21.24 +1.1° 4.81+2.07° 15.6 + 1.53° 41.65+0.3°
Lentils : Fasted 10.96 +0.77° <0.1° 1.71 £ 0.47° 12.67 + 1.03°
! Fed 11.26 £ 0.5° 23.98 + 1.6° 11.07 + 3.01° 46.31 £ 1.03°
Cotyledon Fasted 11.05+0.8° 6.97 + 0.4° 13.48 £ 0.1° 31.5+0.3
m Fed 12.85+0.9° 21.74 + 2.15° 17.24 £+ 2.77' 51.83 + 0.6°
Field Hull E Fasted 12.98 £ 0.77° <0.12 8.07 + 0.96° 21.05+1.1"
pea
Fed 13.21 £ 0.06° <0.12 12.34 + 2.58° 25.55 + 3.2'
gotyledon Fasted 27.85 + 2.23° 17.3 £ 0.39° 20.54 + 1.8 65.69 + 0.6’
Fed 29.74 £+ 1.1° 20.02+1.32° 1856+0.27  68.32 +0.28
Means witolumn followed by different superscript letters (* b.c d) are significantly different
(P <0.05).
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Table 9. Percentage Zinc (Zn) bioaccessibility relative to total quantity present in sample, values
reported as means of six measurements + standard deviation

Digestion % Zn Bioaccessibility
state
Pulse Q Gastric Intestinal Colonic Total %
— digestion digestion fermentation Bioavailability
Lupin “ Fasted 0.31+0.04° <0.1° 0.04 +0.03° 0.35+0.03°
Q Fed 0.32 £ 0.04° <0.1° 0.09 £ 0.01° 0.41 £ 0.05°
on Fasted 24.23 + 2.53° 0.55+0.57° 14.6 £ 2.7° 39.38+0.2°
w Fed 21.83 +0.8° <0.1? 3.26 +0.9° 25.09 £ 0.3°
Lentils : Fasted 10.1 + 0.56° 2.04 +0.09° <0.1° 12.14 + 0.4°
C Fed 10.33 £ 0.56° 2.79 + 0.24° <0.1° 13.12 £ 0.4°
Cotyledon  Fasted 10.27 £ 0.3° 9.42 £ 0.14° 7.36£0.4' 27.05 £ 0.98'
m Fed 10.52 + 0.6° 6.03 + 0.38° 7.75+ 1.06' 243+ 1.0°
Field Hull E Fasted 21.62 +1.8° 164 +0.9 <0.1° 23.26 +0.9°
Ped Fed 21.78 +1.17° 1.73+1.07' <0.1° 23.51+0.44°
gotyledon Fasted 18.88 + 0.91° 7.26 +1.26° 6.18 + 0.84' 32.32+0.2¢
Fed 19.66+1.17°  10.81+0.2" 7.08 £ 0.99' 37.55+0.35"
Means witolumn followed by different superscript letters (* b.c d) are significantly different
(P < 0.05).
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Table 10. Percentage Manganese (Mn) bioaccessibility relative to total quantity present in sample,
values reported as means of six measurements + standard deviation

Digestion % Mn Bioaccessibility
state
Pulse Q Gastric Intestinal Colonic Total %
— digestion digestion fermentation Bioavailability
Lupin “ Fasted 0.19 £ 0.00° 0.072 £0.00° 0.086+0.02°  0.348 + 0.02°
Q Fed 0.18 £0.10° 0.073+0.01"  0.11£0.03° 0.364 £ 0.07°
on  Fasted 7.09 + 3.23° 2.73+£1.74° 24.37 £9.3° 34.19£1.2°
w Fed 8.86 + 1.03° 3.6+1.92° 1443 +0.06° 26.89+2.2°
Lentils : Fasted 6.36 + 0.07° <0.1° 0.33 + 0.4° 6.69 + 0.5°
C Fed 7.2 £0.06° <0.1° 2.53+0.07° 9.73+0.6°
Cotyledon  Fasted 306 £ 1° 30.84 +0.7° 10.56 £ 0.5' 72+0.9
m Fed 30.6 £2.3° 2538 +2.55° 13.23+1.66° 69.21+1.0°
Field HuIIE Fasted 8.38+0.1° 8.57 0.1 0.78 + 0.59° 17.73+0.58"
bes Fed 7.45 + 1.35° 2.75+1.06° 0.96 + 0.75° 11.16 + 0.83'
gotyledon Fasted 25.62+0.7" 17.03+1.29° 105+ 1.73 53.15+ 1.3
Fed 2523+0.48  20.78+2.46" 11.33+0.09" 57.34+ 15"
Means witolumn followed by different superscript letters (* b.c d) are significantly different
(P < 0.05).
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Table 11. Percentage Copper (Cu) bioaccessibility relative to total quantity present in sample,

values reg?ed as'neans of six measurements + standard deviation

Q Digestion % Cu Bioaccessibility
state
Pulse ™ Wm—— Gastric Intestinal Colonic Total %
s digestion digestion fermentation Bioavailability
Lupin c" ) Fasted <0.1% <0.1° <0.1? <0.1%
Fed <0.1? <0.1° <0.1% <0.1?
wn Fasted 60.62+3.73° <0.1° <0.1° 60.62 + 3.7°
: Fed 54.74 +9.8° 1.97 +1.92° <0.1° 56.71 £+ 2.2°
Lentils Cun Fasted 29.3 + 1.45° 20.61+4.35° <0.1° 49.91 +1.0°
Fed 29.3 + 1.29° 2797 +1.93% <0.1° 57.27 £ 1.1°
y B N
ot ‘@ n Fasted 40.84 +2.34° 275+231° <0.1° 68.34 + 1.6°
Fed 43.62+0.49° 24.04+0.08° <0.1° 67.66 + 0.8°
WZ Fasted 51.87 +0.18° 1587 +054° <0.1° 67.74 + 1.8°
pea
Fed 48.06+3.18" 1026+1.09° <0.1° 58.32 + 0.07°
wn Fasted 45762287 2244+071 57+£0.35 739+ 1.7°
4757 +2.81° 28.46+1.45° 4.05+0.36° 80.08 £ 2.0'

Means withj olumn followed by different superscript letters (* b.c d) are significantly different
(P <0.05).

*denotes ni detecible levels of Cu present in the original sample

-
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