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Some features about nickel

A Nickel (Ni) is, for humans, a non-essential element.

A The levels of Ni present in food and drinks are normally
low, but sensitive individuals may develop allergic
reactions as a result of dietary consumption.

A The average Ni intake lies approximately between 0.1 i
0.3 mg per day.

A Cacao and cacao products (dark and milk chocolates,
puddings, chocolate drinks), soya products (yogurt and
tofu), oat flakes, sea mussels and hazel nuts are
Important sources of dietary Ni.

A The content of Ni in different teas infusions is lower than in
cocoa.

A Ni may be leached from stainless steel kitchenware during
food processing.
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Concentrations of Ni (mg kg dry weight)

(A) cacao powder and cacao containing foods
(B) chocolates

(C) food products without cacao

Ni content was determined after microwave
digestion of samples by ICP-MS.
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Leaching of Ni from stainless steel (grey column) and Ni free (patterned
column) kitchen utensils during the preparation of espresso coffee and cooking
of acidic food.

Concentration of Ni was determined by ICP-MS.
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Total content of Ni (grey column) in tea leaves or hibiscus and camomile flower (mg

kgt) and the amount (mg kg) extracted (patterned column) into infusion during the
preparation of tea.

Concentration of Ni was determined by ICP-MS.

Gl anlar, J., Zuliani, T., Mi -rich foodlprodud®s.in S®venial y
Journal of Food Composition and Analysis, 2013, 32, 83-89.



NI speciation in foodstuffs Is important for
understanding NI bioavailability and its
iInfluence on the flavour of foodstuffs, to
understand the metabolic processes In
plants and during food production.

NI speciation was studied in two
popular beverages

A Tea infusions

A Cocoa infusions



NI speciation In tea infusions

Tea is second, only to water, worl doés
consumption adds a part to daily intake of trace elements, including Ni.

So far, little is known about chemical speciation of Ni in food and on the
relationship between its speciation and bioavailability. Ni speciation was
carried out in samples of tea infusions

A Black, green, red and white tea (Camellia sinensis)

A Chamomile (Matricaria chamomilla)

A Hibiscus (Hibiscus sabdariffa) flower herbal tea



Reported literature data:
Ni in latex sampled from hyperaccumulating tree Sebertia acuminate was found to
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hyperaccumulating tree Sebertia acuminata by HPLC and CZE with ICP MS and electrospray MS-MS
detection. J Anal At Spectrom 18:12071 127.

Choice of chromatographic column for separation of Ni complexes

Parameter/ Mono Q CIM DEAE

characteristic HR 5/5 column disk/columns
Chromatographic 10 mm beaded hydrophilic highly porous poly(glycidylmethacrylate-co-
support polyether resin ethyleneglycoldimethacrylate) monolith
Chemical strong anion-exchanger, weak anion-exchanger, diethylamino
characteristic quaternary amine
Analyte Strong metal complexes Weak metal complexes
Column/disk i.d. 5 mm; lenght 50 mm I.d. 12 mm; length 3 mm
dimensions
Column/disk volume 1 mL 0.1;0.34; 1 mL
Working flow rate 0.5-2 mL mint 0.5-10 mL mint
Chemical pH stability | 2-12 2-14

Maximal amount of
NaOH recommended
for cleaning

0.5 mL 2 mol L't NaOH (may stay
on column support during the time
of analysis)

10 mL 1 mol L1 NaOH

(may stay on disk/coulmn support up to 16

hours)
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To preserve chemical species during the
separation step, fast chromatographic procedures
and mild separation conditions are required.

Weak anion-exchange monolithic chromatographic
columns was applied for Ni speciation in tea
iInfusions.



Samples preparation

dried tea leaves or flowers

Microwave digestion @

0.2 g of powdered and homogenised
samples were weighted into a Teflon
beaker. Then, 4 mL of HNO;, 0.5 mL of
H.O, and 0.1 mL of HF were added and
vessels left opened for 1 h. Closed
microwave digestion was carried cut by
applying following digestion: ramp to
temp. 180 °C in 20 min, hold at this

-Mﬁ ol Tea infusions
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water. 2.25 g of sample was weighed into
a glass beaker and 150 mlL of hot water,
heated to boiling point, was added.
Before filtration, tea infusions of white,
green, black, red, chamomile or hibiscus
tea were left in beakers for 3, 5 and 10
min, respectively.

temp. for 20 min and coocling to room
temp. in 20 min.

0.5 mL of sample was injected onto a CIM DEAE-1 monolithic column. An aqueous —
0.6 mol L' NH4MO; linear gradient elution was applied for 10 min at a flow rate of 1.0
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Finally, the column was equilibrated with water for 11 min at a flow rate of 10.0 mL
min~' and for one more min at a flow rate of 1.0 mL min~'. The chromatographic run
was completed in 25 min. |




Concentrations of Ni in tea leaves/flowers and tea infusions

Concentration of | Concentration of Concentration of % of total
Sample Sample . . :
NG D total Ni total leachable Ni | total leachable Ni | leachable | pH
' ' (mg/kg) (mg/L) (mg/kg) Ni
p | China White Snow 5.8500.06 0.050000.0005 5.0000.05 85.500.5 | 6.0
Bud (White tea)
China Gunpowder
2 Temple of Heaven 14.400.2 0.11200.001 11.200.1 77.700.5 | 5.9
(Green tea)
hi | ‘ \ \ \
3 SHILENOBIEI St 2.1600.02 0.014000.0001 1.4000.01 64.8005 | 5.4
Chung (Red tea)
Darieeli ‘ \ \ \
4 afjeeting 6.9100.07 0.053000.0005 5.3000.05 76.7005 | 5.9
(Black tea)
5 AlleSalE 4.900.05 0.028000.0003 2.8000.03 57.100.5 | 2.7
(herbal tea)
6 CENTelllE 1.2100.01 0.009500.0001 0.9500.01 78.500.5 | 6.0

(herbal tea)




HPLC-ICP-MS MS HR MS MS-MS
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Speciation of ionic Ni Identification of Ni binding ligand by MS, HR MS and MS-MS

(Ni*), Ni-quinate complex  technique, applying negative ionization mode.
and Ni-citrate complex by

HPLC-ICP-MS.

MS: deprotonated citric acid: m/z 191.0, deprotonated quinic acid: m/z 191.1
HR MS: deprotonated citric acid: m/z 191.019, deprotonated quinic acid: m/z 191.054
MS-MS of parent ion:
deprotonated citric acid daughter ions: m/z 85.0, 87.0 and 111.0
deprotonated quinic acid daughter ions: m/z 85.0, 93.0 and 127.0



Speciation of Ni In tea infusions
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MAIN FINDINGS

Quinic acid was found to be the main low
molecular mass organic ligand that complex
NI In tea infusions (exception was hibiscus
herbal tea, where Ni was present in Ni¢*
lonic form.

Gl anlar, J., Zuliani, T., Gigon, D. Milalil
chromatography ICP-MS and Q-TOF-MS. Analytical and Bioanalytical Chemistry, 2013, 405,
2041-2051.



Speciation of Ni in cocoa infusions by monolithic

chromatography i post-column ID-ICP-MS and
Q-TOF-MS

Theobroma cacao Cocoa powder

Cocoa contains relatively high concentrations of Ni. However,
there is a lack of information about Ni speciation in cocoa.

To get Information about the presence of
organic compounds in raw cocoa Infusions,
identification of was performed by ESI-MS
applying negative and positive mode ionization.



89.0

97.0

Al

nr.

111.0

128.

130.1 181.1

Al
0 180

191.0

0

00 120

J 133.0
MJL ‘Hﬂ‘uun\x " IR TLTRY. WO MO T g
1 180 20 2. 1] 240 x0 m 300 0 340 0 0 a0
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m/z 117.0: deprotonated succinic acid,
m/z 133.0: deprotonated malic acid,
m/z 191.0: deprotonated citric acid
m/z 195.0: gluconic acid
m/z 341.1: sucrose
m/z 305.1: mannitol
m/z 289.1: gallocatechin
m/z 181.1: epl!&:latechin
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381.1
195.1
175.1
| Lot I NPT A

111.0

A Identification of the

main organic
compounds in raw
cocoa infusions

A2 . L,

&) Gluconic acid is a
by-product of glucose

fermentation

99.0
‘ 195.0

B: EI'l positive mode

the prevailing organic
compounds:

theobromine (m/z 181.1)
caffeine (m/z 195.1)
choline (m/z 104.1)
amino acid arginine (m/z
175.1) potassium sucrose
(m/z 381.1)




Stability constants of LMM ligands with Ni

Ni-citrate ([Ni(Cit)];, log K = 5.40 (complex with medium
stabllity, stable under neutral pH conditions)

Ni-gluconate ([Ni,(OH),(Gluc)], log K = 29.4 (extremely
strong complex, stable under neutral pH conditions)

The probability of complex formation of Ni with succinic and malic acids is small, due to
the low stability constants of the Ni-succinate ([Ni(Succ)]?, log K = 1.6) and Ni-malate
([Ni(Mal)]° log K = 3.17

Favouring conditions for the formation of
Ni-gluconate in cocoa infusions

To confirm this assumption, speciation analysis
was mandatory.



Total Ni concentrations in cocoa infusions determined by
ICP-MS, and the proportion of the leachable Ni content

Total Ni Leachable Ni
. : % of total
Sam ple concentration concentration :
0 3 leachable Ni
mg k mg k
Cacao nibs 3.02 50.25 3.03 50.15 100
Ekolife 11.6 50.1 6.97 5 0.35 60.1
Kr ag 11.6 5 0.1 4.64 0.23 40.0
Naturata (10 -12% butter) 20.1 1.6 11.6 5 0.6 57.7
Naturata (20-22 % butter) 172515 11.6 5 0.6 67.4
The Chocolate Line 13.3 5 0.7 8.48  0.42 63.8
|
2




Speciation analysis: 0.5 mL of cocoa infusion was injected onto
a CIM DEAE monolithic column (4 CIM DEAE disks (0.34 mL)
were assembled into housing forming 1.36 mL column). An
aqueous 0.6 mol L' *tNH,NO; linear gradient elution was applied
for 10 min (flow rate of 1.0 mL min' J.

“e

Quantification by post-column isotope dilution: The isotopically
enriched %2Ni-standard was added continuously using a
peristaltic pump via a T-piece after the separation of the Ni
species with the HPLC procedure.

To calculate the content of the eluted Ni species, the mass flow
of Ni was plotted versus time during the whole chromatographic
run. Calculations were performed using equations derived for
species unspecific post-column ID-ICP-MS analysis.
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