
Original Communication

Sorbitol enhances the
physicochemical stability of
B12 vitamers
Andrew Hadinata Lie, Maria V Chandra-Hioe, and Jayashree Arcot

Food and Health Cluster, School of Chemical Engineering, Australia

Received: May 24, 2018; Accepted: August 8, 2018

Abstract: The stability of B12 vitamers is affected by interaction with other water-soluble vitamins, UV light, heat, and pH. This study
compared the degradation losses in cyanocobalamin, hydroxocobalamin and methylcobalamin due to the physicochemical exposure before
and after the addition of sorbitol. The degradation losses of cyanocobalamin in the presence of increasing concentrations of thiamin and niacin
ranged between 6%-13% and added sorbitol significantly prevented the loss of cyanocobalamin (p < 0.05). Hydroxocobalamin and
methylcobalamin exhibited degradation losses ranging from 24%–26% and 48%–76%, respectively; added sorbitol significantly minimised the
loss to 10% and 20%, respectively (p < 0.05). Methylcobalamin was the most susceptible to degradation when co-existing with ascorbic acid,
followed by hydroxocobalamin and cyanocobalamin. The presence of ascorbic acid caused the greatest degradation loss in methylcobalamin
(70%-76%), which was minimised to 16% with added sorbitol (p < 0.05). Heat exposure (100 �C, 60 minutes) caused a greater loss of
cyanocobalamin (38%) than UV exposure (4%). However, degradation losses in hydroxocobalamin and methylcobalamin due to UV and heat
exposures were comparable (>30%). At pH 3, methylcobalamin was the most unstable showing 79% degradation loss, which was down to 12%
after sorbitol was added (p < 0.05). The losses of cyanocobalamin at pH 3 and pH 9 (�15%) were prevented by adding sorbitol. Addition of
sorbitol to hydroxocobalamin at pH 3 and pH 9 reduced the loss by only 6%. The results showed that cyanocobalamin was the most stable,
followed by hydroxocobalamin and methylcobalamin. Added sorbitol was sufficient to significantly enhance the stability of cobalamins against
degradative agents and conditions.
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Introduction

Vitamin B12 and cobalamin are generic terms used
interchangeably to represent anarrayof naturally occurring
vitamers in foods, such as methylcobalamin, adenosyl-
cobalamin, hydroxocobalamin, cyanocobalamin and
aquocobalamin. The chemical structure of cobalamin is
characterised by a cobalt atom linked to a corrinoid ring,
α-glucoside and nucleotide moieties (Figure 1). As a
co-enzyme, methylcobalamin plays a significant role in
the single carbon transfer of methionine synthesis, and
5’-deoxyadenosylcobalamin has a function in the metabo-
lism of amino acids and propionate.

It is a widely held view that cobalamin is sourced from
animal tissues, such as meat andmilk, because the vitamin
is synthesised by the ruminal or intestinal microflora [1].
Recent studies show that cobalamins are present in mini-
mal amounts in some plant based-foods, such as in sea
buckthorn [2], fermented soy beans and vegetables, and
edible algae [3].

Pre-requisite prior to quantitation of cobalamins is
samplepreparation,wherecobalamins are initially released
from various matrices such as foods, dietary supplements
and biological samples and converted to cyanocobalamin
in excess potassium cyanide. Cyanocobalamin concentra-
tions are then determined using liquid chromatography
[2, 4, 5]. With the advancement in analytical instruments
offering a higher sensitivity of cobalamin detection,
researchers attempted to determine cobalamin vitamers
inmilk [6] and indried edible algae, bovine livers andclams
[3]. Although during sample preparation and analysis
degradation of cobalamins occurs and could affect the
accuracy of measurement, evidence on the stability of B12

vitamers other than cyanocobalamin is still lacking.
When exposed to light, vitamin B12 undergoes degrada-

tion and irreversible conversion to different vitamers.
Under UV exposure, methylcobalamin and adenosylcobal-
aminareconverted tomore light-stablehydroxocobalamin,
and they also undergo oxidation reactions by free radicals
that have been generated during the exposure [7]. Acidic
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pH conditions cause cobalamins to hydrolyse [8], and the
presence of sucrose also reduces vitamin B12 content [9].
Barr et al (1957) found that degradation of vitamin B12 at
100 �C can be mitigated by the addition of sorbitol, which
reduces the amount of available water that facilitates
hydrolysis of cobalamins [9]. However, the cobalamin
vitamer tested in this study is unknown and there is a pau-
city of evidence in the field. Sorbitol is known as a preferred
alternative to sucrose and high fructose corn syrup in the
processing of dried fruit products [10] which also enhances
preservation effects [11].

The objective of this studywas to investigate the effect of
sorbitol if used for its preservative role on the stability of
cyanocobalamin, hydroxocobalamin and methylcobal-
amin. Particularly, the stability of cobalamins co-existing
with selected water-soluble vitamins, such as thiamin,
niacin andascorbic acid,was determinedusing high perfor-
mance liquid chromatography (HPLC). Additionally, the
work compared the degradation losses of cobalamins when
exposed to UV light, heat, and pH conditions. Quintessen-
tially, this paper offers important insights into the role of
added sorbitol on the stability of cobalamins, which needs
to be taken into account for the quantitation of vitamin
B12, as well as processing and storage of foods.

Materials and methods

Chemicals

Cyanocobalamin, methylcobalamin, hydroxocobalamin,
thiamin hydrochloride, nicotinic acid, ascorbic acid,
sorbitol, HPLC grade methanol, ammonium acetate, and

acetic acid were purchased from Sigma-Aldrich (Sydney,
NSW, Australia).

Standard solutions

Stock standard solutions of cyanocobalamin, hydroxo-
cobalamin and methylcobalamin (500 μg/mL) were pre-
pared in Milli-Q water in a UV-free laboratory. Aliquots of
stockstandardsolution (500μL)were flushedwithnitrogen
gas and stored in amber vials in a�20 �C freezer. Working
standard solutions of cobalamins (5 μg/mL) were freshly
prepared on the day of the experiment, pipetted into the
glass vials and subjected to various treatments described
in the following sections. Similarly, stock standard solu-
tions of thiamin, niacin and ascorbic acid were prepared
in Milli-Q water (2 mg/mL) and treated as previously
described.

Interaction of cobalamins with thiamin,
niacin and ascorbic acid

Initially, increasing concentrations of thiamin and niacin
(5, 10 and 50 μg/mL), and ascorbic acid (5, 10 and
50 μg/mL) were pipetted into the glass vials containing
either cyanocobalamin or hydroxocobalamin or methyl-
cobalamin (5 μg/mL; Figure 2) to determine the degrada-
tion loss due to any interaction with other water-soluble
vitamin(s). To assess the effect of sorbitol on the stability
of cobalamins, increasing sorbitol concentrations (250,
500 and 1000 μg/mL)were added to individual cobalamin
(5 μg/mL) pre-mixed with either both thiamin and niacin
(50 μg/mL) or ascorbic acid (50 μg/mL), as illustrated in
Figure 2. All samples were prepared in triplicate, and along

Figure 1. The chemical structure of
cobalamin consists of a cobalt-
centred corrin ring. The β-axial ligand
depicted by R (in red colour) that
could be attached to cobalt includes
cyanocobalamin (CN), methylcobal-
amin (CH3), hydroxocobalamin (OH)
and deoxyadenosylcobalamin. The
cobalt atom is also joined to 5,6-
dimethylbenzimidazole.
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with controls, the samples were immediately analysed
using HPLC and each sample was injected twice.

UV-light and heat treatment

The glass vials containing cobalamins were placed in a
UV-light cabinet, fitted with an “F8T5BLB” bulb (custom-
manufactured by the UNSW Chemical Engineering Work-
shop). Samples (in triplicate) were exposed to UV light
either for 30 minutes or 60 minutes. To assess the impact
of heat on the stability of cobalamin vitamers, sampleswere
placed in a 100 �C vacuum drying oven (Townson and
Mercer, Croydon, UK) for up to 60 minutes. Samples
with increasing sorbitol concentrations (250, 500 and
1000 μg/mL) were exposed to UV light or placed in a
100 �C oven for 60minutes (Figure 2).

pH changes

The stability of cobalamins in acidic and alkaline pH condi-
tions was determined by preparing the working standard
solutions at certain pHs. For this purpose, 0.1 M HCl was
used to obtain pH 3.0 and pH 4.5 and 0.1 M NaOH for
pH 8.0 and pH 9.0. Addition of sorbitol concentrations to
cobalamin vitamers was also carried out at pH 3 and pH 9
(Figure 2) and compared with control samples. The signal
intensities representing the peak areas were used to
determine the percentage of loss after each treatment.

Mean peak areas of treated samples (a) were subtracted
from those of untreated samples (b), and the stability was
computed as (b� a)/b*100%.

HPLC analysis

A HPLC system (Shimadzu Prominence UFLC, Kyoto,
Japan) equipped with a photodiode array detector was used
for the study. Chromatography was performed on a
reversed-phase Kinetex Biphenyl column (4.6 mm �
150 mm, 5 μm, Phenomenex, Sydney, Australia). The
mobile phase system consisted of 50 mM ammonium
acetate buffer (pH 5.0, mobile phase A) and methanol
(50% v/v in Milli Q water) as solvent B [12]. The initial
condition was set at 90% solvent A and 10% solvent B.
The composition of solvent B was then raised to 10% in
4minutes, then was held until 10minutes before returning
to the initial condition (10% B) at 15 minutes. The system
was re-equilibrated until 25 minutes before the next injec-
tion. The flow rate and the injection volume were set at
0.8 mL/min and 100 μL, respectively. The characteristic
peak for cyanocobalaminwas detected based on its absorp-
tion maxima at 361 nm, and for hydroxocobalamin and
methylcobalamin at 351 nm.

Statistical analysis

To determine whether data were normally distributed,
Grubb’s test was used to identify and verify any outliers,

CN-Cbl, OH-Cbl, Me-Cbl
(5 µg mL-1)

UV 
(30, 60 minutes)

Degradation Stabilisation 
(+ 250 / 500 / 1000 µg mL-1 Sorbitol)

Heating
(60 minutes)

UV
(60 minutes)

Heating 
(30, 60 minutes)

Vitamin interactions
(5 , 10, 50 µg mL-1

thiamin + niacin, 
ascorbic acid)

pH changes
(pH 3, 4.5 , 8 , 9)

HPLC 
analysis

Vitamin interactions
(50 µg mL-1 thiamin + 
niacin, ascorbic acid)

pH changes
(pH 3 & 9)

Figure 2. The stability of the B12 vitamers were assessed following UV exposure, heating, interactions with other B vitamins and pH changes, in
the presence and absence of sorbitol. CNCbl, OHCbl and MeCbl correspond to cyanocobalamin, hydroxocobalamin and methylcobalamin,
respectively.
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afterwards the data set were analysed using SAS Enterprise
Guide 6.1 (SAS Institute Inc. Cary, NC, USA). Bartlett’s test
was employed to assess the homogeneity of variances,
one-way analysis of variance (ANOVA) and Tukey’s
Studentized Range (HSD) test were used to compare the
mean values. The p-value of 0.05 was chosen to report
the level of significance.

Results

Interaction of cobalamins with thiamin
and niacin

The presence of both thiamin and niacin generally resulted
in lower analysed cyanocobalamin, hydroxocobalamin and
methylcobalamin. Increasing theconcentrations of thiamin
and niacin significantly increased the loss of cyanocobal-
amin from 6% to 21% (p < 0.05), and hydroxocobalamin
exhibited greater degradation losses between 24% to 26%
than cyanocobalamin. Analysed hydroxocobalamins were

3.8 μg/mL and 4 μg/mL before and after the addition of
sorbitol, respectively. Before sorbitol was added, the
measuredmethylcobalaminwith added thiamin and niacin
was 1.2μg/mL, corresponding to 76%loss. After addition of
sorbitol (250 μg/mL), mean methylcobalamin increased
to 4 μg/mL and the loss was minimised to approximately
8% (Figure 3).

Interaction of cobalamins with
ascorbic acid

Ascorbic acid exerted higher degradation losses of
hydroxocobalamin in comparison to cyanocobalamin rang-
ing between 7% and 34%, while methylcobalamin had the
highest loss of 72%-76% (Figure 3). Addition of sorbitol
was found to be protective against degradation of
cyanocobalamin caused by the presence of ascorbic acid
(Table 1). Measured cyanocobalamin without sorbitol was
4.3 μg/mL and with sorbitol 5 μg/mL, thus preventing
13% degradation loss when sorbitol (250 μg/mL) was
added. In the presence of ascorbic acid, degradation losses
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Figure 3. Added sorbitol improved the stability of cobalamins when co-existed with thiamin and niacin (a). The presence of increasing ascorbic
acid concentrations accelerated the loss of cobalamins (b). The effect of UV exposure to cobalamin vitamers (c) was less pronounced than the
effect of 100 �C heating (d). Error bars represent standard deviations (n = 3, each replicate was injected twice). CNCbl, OHCbl and MeCbl
correspond to cyanocobalamin, hydroxocobalamin and methylcobalamin, respectively.
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of hydroxocobalamin solutions were between 7%-34%.
Unlike cyanocobalamin, when hydroxocobalamin co-exist-
ingwithascorbicacid increasing thesorbitol concentrations
did not improve the stability (p > 0.05). The presence of
ascorbic acid caused 72%-76% loss of methylcobalamin,
and the loss was minimised to 32%-43% after sorbitol was
added (p <0.05). Notably, the stability ofmethylcobalamin
in the presence of ascorbic acid was significantly improved
by adding the highest sorbitol concentration (1000 μg/mL)
with the loss of 16%.

Exposure of heat and UV on the stability
of cobalamins

Overall, the experimental data showed that degradation
losses of cyanocobalamin and hydroxocobalamin due to
100 �C heat treatment were significantly faster compared
to UV exposure (Figure 3). The losses of methylcobalamin
due toUV exposure and heat were not significantly different
(p > 0.05). Measured cyanocobalamin after heating was 3.1
μg/mL and after UV exposure 4.8 μg/mL, indicating that
cyanocobalamin degraded faster due to heat exposure (Fig-
ure 3). In contrast, degradation losses of hydroxocobalamin
(3.3 μg/mL) and methylcobalamin (3.0 μg/mL) were not
significantly different after 60 minutes UV exposure and
heat (p >0.05).Measured cyanocobalamin after 30minutes
of heat treatment was 3.7 μg/mL, corresponding to 26% of
the loss. Degradation losses due to 30minutes of heat expo-
sure in hydroxocobalamin (3.3 μg/mL) and methylcobal-
amin (3.1 μg/mL) were 34% and 37%, respectively
(Figure 3). The result showed that generally cobalamins
were not heat-stable, and cyanocobalamin was more heat-
stable than hydroxocobalamin and methylcobalamin.

Effect of pH conditions on cobalamins

At pH 4.5, there was a 3.5% loss of cyanocobalamin in
comparison to cyanocobalamin dissolved in Milli-Q water.
Decreasing the pH to 3.0 and increasing the pH to 9.0
resulted in 15% loss of cyanocobalamin. The losses of
hydroxocobalamin at low pHs (3.0 and 4.5) and high pHs
(8.0 and 9.0) were significantly greater than cyanocobal-
amin, which were 20% and 25%, respectively. The losses
due to pH changes were the highest for methylcobalamin,
where at lower pHs the mean loss was 78% and at higher
pHs, 64%. Our study also evaluated the stability of cobal-
amins at pH 3.0 by adding increased concentrations of
sorbitol, in which sorbitol exerted a protective effect on
cobalamins at pH 3.0. It was found that increasing the
sorbitol concentrations (250, 500 and 1000 μg/mL) con-
ferred cyanocobalamin a significant protective effect (p <
0.05). When 1000 μg/mL sorbitol was present at pH 3.0,
the loss of cyanocobalamin was 3%, which implied that
sorbitol was able to protect cyanocobalamin against acid
hydrolysis (at pH 3.0). Addition of sorbitol to hydroxocobal-
amin at pH 3.0 did not significantly minimise the degrada-
tion losses, confirming that sorbitol did not provide a
sufficient protective effect for hydroxocobalamin at
pH 3.0. In contrast, sorbitol was significantly protective
against the loss of methylcobalamin at pH 3.0, minimising
the loss from 79% to 12%-16%, hence improving the
stability significantly (p < 0.05).

Cyanocobalamin at pH 9.0was stable when sorbitol was
present in the solutions, and the stabilitywasnot dependent
on the concentration of sorbitol. The loss of hydroxocobal-
amin at pH 9.0 was not significantly different to that at
pH 3.0, confirming that addition of sorbitol did not improve
the stability of hydroxocobalamin. Sorbitol protected

Table 1. The degradation losses (%) in cyanocobalamin (CNCbl) with and without added sorbitol after exposure to UV, heat, other B vitamins (50
μg/mL) and pHs are compared with hydroxocobalamin (OHCbl) and methylcobalamin (MeCbl).

Sorbitol
(μg/mL)

60 min 60 min
Heating

Ascorbic
acid

Thiamin + niacin pH 3 pH 9
UV

CNCbl % loss 0 3.8a 38g 13m 21s 161 154

250 1.6a,b 1.7g 0.7m,n 0s,t 81 04

500 0a,b 0.5g 0m,n 0s,u 51 14

1000 0.3a,b 2.4g 3.2m,n 2s,t,u 31 04

OHCbl % loss 0 28c 34h 34o 24v 202 245

250 13c 10h,i 20o,p 20v 21 185

500 10c 10h,j 20o,q 18v 152 185

1000 14c 17h,i,j 12o,p,q 18v 172 185

MeCbl % loss 0 39d 38k 76r 76w 793 636

250 0.9d,e 20k,l 32r 5w 133 06,7

500 1.8d 32k,l 42r 15w 163 136,7,8

1000 2.5d,e 29k,l 16r 8w 123 06,8

The same alphabetical and numerical superscripts within each column correspond to significant differences in degradation losses.

�2019 Hogrefe Int J Vitam Nutr Res (2020), 90 (5–6), 439–447

A. Hadinata Lie et al., Cyanocobalamin, hydroxocobalamin and methylcobalamin 443



effectively against degradation of methylcobalamin at
pH 9.0; the loss was only 13%when 500 μg/mLwas added
compared to 63%without sorbitol.

Discussion

Interaction with other B vitamin(s)

It was noted that 5 μg/mL of thiamin and niacin was
sufficient to cause the degradation of hydroxocobalamin,
and 50 μg/mL did not cause any further degradation, sug-
gesting that hydroxocobalamin was more sensitive com-
pared to cyanocobalamin. Addition of thiamin and niacin
led to significant degradation losses of methylcobalamin
and higher concentrations of thiamin and niacin caused
losses ranging from 48% to 75% (p < 0.05). The results
showed that methylcobalamin was the least stable vitamer
compared to hydroxocobalamin and cyanocobalamin
when co-existing with thiamin and niacin (Figure 3) and is
consistent with a previous study [13].

The stability of cobalamins mixed with thiamin and nia-
cin (50 μg/mL) significantly improved with added sorbitol
(Figure 3). Without added sorbitol, measured cyanocobal-
amin was 3.9 μg/mL and with sorbitol was 5 μg/mL, thus
confirming that addition of 250 μg/mL of sorbitol was
sufficient to enhance the stability of cyanocobalamin in
the presence of thiamin and niacin. Increasing sorbitol
concentrations did not improve the stability of hydroxo-
cobalamin (Figure 3), and the degradation loss remained
consistent at 18%. A previous study suggested that the
decomposition product of thiamin, specifically from its
thiazole moiety, may be responsible for the degradation
of cobalamins [14]. Also, interaction of thiamin and
cyanocobalamin caused the conversion of cyanocobalamin
into hydroxocobalamin [14], which could lead to higher
hydroxocobalamin measured here.

Adding an equal concentration of ascorbic acid to
cyanocobalamin caused 6% degradation loss and increas-
ing the concentrations of ascorbic acid also increased the
loss to 13% (Figure 3). This was consistent with a previous
findingby Ichikawaetal (2005), despite the fact that in their
research 100mMacetate buffer pH4.8wasused to prepare
vitamins standards [15]. Therefore, it can be suggested that
the presence of ascorbic acid had a greater impact on the
stability of cyanocobalamin than the pH of solutions.
The result suggested that ascorbic acid might disinte-
grate the corrin ring by reducing the cobalt atom into cob
(II)alamin, which could be observed by a colour change
from red to brown, and slowly to yellow when the cobalt
hasbeen“released” [16].Overall, our results suggested that
sorbitol had a protective effect on cobalamins by minimis-
ing their degradation due to the presence of ascorbic acid.

Degradation loss by UV light and heat

Exposure of cyanocobalamin to UV light for 30 minutes
caused 7% degradation loss and for 60 minutes 4%,
suggesting that cyanocobalamin was transformed to the
less stable hydroxocobalamin as photoaquation occurred
[17]. The cyanocobalamin loss due to 30minutes UV expo-
sure (4.7 μg/mL) was not significantly different compared
to 60minutes exposure (4.8 μg/mL), similar to a previous
finding [18]. Photodegradation losses of hydroxocobalamin
and methylcobalamin after 60minutes UV exposure were
28% and 39%, respectively, and greater than when
cyanocobalamin was exposed (Figure 3). This exposure
significantly reduced the hydroxocobalamin concentration
to3.6μg/mLandmethylcobalamin to3.0μg/mL(p<0.05).
This result may be explained by the fact that during photol-
ysis, the bond between the cobalt-carbon (Co-C) atoms in
cobalamin molecules disrupted easily due to the low bond
enthalpy [19]. Our data showed that cyanocobalamin was
more photo-stable than hydroxocobalamin. However, it
has been reported that hydroxocobalamin is apparently
more stable than cyanocobalamin [7] and both cobal-
amins (non-alkyl cobalamins) are equally photo-stable
[18]. A possible reason for the inconsistent finding would
suggest that hydroxocobalamin could be more stable in
Dulbecco’s phosphate buffered saline [7] and a buffer solu-
tion at pH 10.3 [18]. Our data on photodegradation of
methylcobalamin (39% loss) was consistent with an earlier
study that proposed that methylcobalamin and adenosyl-
cobalamin (alkyl cobalamins) converted to cob(II)alamin
[18]. Another possible reason was that methylcobal-
amin undergoes a “homolytic fission” reaction, in which
methylcobalamin converts to aquocobalamin and
5’-deoxyadenosylcobalamin producing alkyl radicals [17].

Degradation of cobalamins caused by high temperature
depends on bond dissociation energies. The bond dissocia-
tion energy for methylcobalamin was 36 kcal/moL [20],
while the bond dissociation energy of cyanocobalamin is
still unknown. The stability of cyanocobalamin after 30
minutes of heat exposure supported the idea that
cyanocobalamin had a greater bond dissociation energy
than both hydroxocobalamin and methylcobalamin [21].
The loss of cyanocobalamin following 60 minutes heating
was 38% and was not significantly different from hydroxo-
cobalamin (34%) and methylcobalamin (38%). The result
showed that the stability of cobalamins was affected by
higher temperatures and the length of heat exposure. In this
study, we compared for the first time the presence of sor-
bitol with cobalamins and showed its significant protective
effect against UV exposure or heating. Overall, addition of
sorbitol significantly improved the stability of cobalamin
vitamers (Table 1). The results suggested that adding sor-
bitol to cobalaminvitamersmighthave reduced theamount
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of availablewater thatwoulddecrease the rate of hydrolysis
resulting in decomposition of vitamin B12 [9].

pH changes

The results showed that stability of cobalamins was signifi-
cantly affected by pH changes, and cyanocobalamin was
the most stable to withstand pH changes compared to
hydroxocobalaminandmethylcobalamin.Thiswasparticu-
larly consistent with the impact of pH changes on methyl-
cobalamin, as acidic and alkaline environments facilitated
the hydrolysis of the methyl side chain from the molecules
[22]. Data presented in this study indicate that sorbitol was
useful to enhance the stability of cobalamins and should be
added during sample preparation prior to quantitation of
cobalamins in fortified and unfortified samples, so that
the degradation loss could be minimised. Sorbitol is a
common ingredient used in multivitamin syrups and injec-
tions to stabilise vitamins during prolonged storage [23].
Also, sorbitol, being a hexavalent sugar alcohol, is involved
in the formation of molecules between sugar alcohol
and vitamins [24] by inhibiting the catalytic oxidative
reactions [25].

The sensitivity ofmethylcobalamin to pH changeswould
imply that the pH of solutions would affect the stability of
cobalamins during their release from food matrices. Cur-
rently, there is no agreement on the pH of the extraction
buffer, on treatment with enzyme(s) to release endogenous
cobalamins and/or added cyanocobalamin from various
food matrices. Cobalamin vitamers were extracted from
dairy produce (UHT skim milk and full cream milk, fer-
mented milk) into sodium acetate buffer, pH 4.5 and con-
verted to cyanocobalamin in the presence of excess KCN
[26]. Cyanide is added to the extraction buffer to convert
naturally occurring cobalamin vitamers to cyanocobal-
amin. Even though cyanocobalamin is stable, the pH of
the extraction buffer is suggested to be between 4.0 and
7.0. In another study, cyanocobalamin was extracted from
fortified foods and beverages using enzymatic digestion
(α-amylase and pepsin) and 50mM sodium acetate buffer,
pH 4 [27]. The activity of α-amylase at pH 4 to hydrolyse
starch and to assist in the release of cyanocobalamin from
fortified starchy foods is open to discussion, because this
enzyme (Sigma-Aldrich A2771) exerts its effect at pH 6.9.
Furthermore, several studies have used sodium acetate as
the extraction buffer with varying molarity, such as,
200 mM and pH 4 [4], 100 mM and pH 4 [28], 50 mM
and pH 4 [2, 29] and 50 mM pH 4.6 [6]. Although the
molarity of sodium acetate buffer differs between studies,
pH 4 is commonly used for cobalamin extraction. When
enzymatic digestion is carried out to release cobal-
amins from food matrices, enzymes should work at their
optimal pH condition, for example: protease, pepsin and

papain [4], and taka-diastase [28]. Heat treatment at 100
�C for 30 minutes has also been reported to successfully
release cyanocobalamin from various food matrices [4].
Our experimental data showed that the loss of cyanocobal-
amin after 15 minutes of heating (11%) significantly
increased to 26% (30 minutes) and 38% (60 minutes).
The results suggested that extraction efficiency studies
should be carried out to determine the recovery of the vita-
min and to accurately measure cyanocobalamin in various
matrices. As varying extraction protocols are documented
in literature, the susceptibility of cobalamin vitamers to
degradation reportedhere is crucial andneeds to be consid-
ered for quantitationof cobalamins.HPLCwasemployed in
our study because the sensitivity of the HPLC method was
fit for the purpose. However, HPLC methods may not be
adequate to detect and quantify B12 vitamers in foods that
occur naturally in low concentrations, and mass spectrom-
etry would be ideal for detection and accurate quantifica-
tion of the vitamers. Also, the differing degrees of stability
can present a challenge during the processing of foods for-
tified with vitamin B12. Other factors that need to be taken
into account include the exposure to UV light and heat
which occurs commonly throughout the food supply chain,
and also the presence of other endogenous vitamins
and acidic or alkaline ingredients being used in food
processing.

This is the first study to assess and compare the effect of
sorbitol on physicochemical stability of cobalamin vitamers
against exposure toUV light, heat, pHandotherwater-solu-
ble B vitamins. The strength of this study is that the results
are valuable and applicable for liquid samples involving
multivitamin syrups and vitamin fortified beverages,
because the protective effect of sorbitol was tested on stan-
dard solutions of cobalamins, thiamin, niacin and ascorbic
acid. However, there are several imitations. Firstly, sorbitol
concentrations lower than 250 μg/mL were not evaluated,
so that its protective effect on the stability of cobalamins
was not able to be compared with the current data. Sec-
ondly, no real samples (e.g. vitamins fortified beverages)
were prepared either with or without added sorbitol for
the quantification of cyanocobalamin. Therefore, further
research should be undertaken to investigate the stability
of cobalamins in various foodmatrices,which requires opti-
mised protocols in the cobalamin extraction and sample-
clean up. Future work also needs to examine more closely
the effect of storage on the stability of cobalamins after
the addition of ascorbic acid.

Conclusions

We have highlighted the importance of the stability of
cobalamin vitamers and to minimise the degradation loss,
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which is potentially a very useful contribution to the current
literature. This study offers some insight into the protective
effectof sorbitol asa stabilisingagent forB12vitamersdue to
interactions with thiamin, niacin and ascorbic acid, and
degradative physical conditions. The data presented here
would be beneficial for cobalamin analyses inmultivitamin
liquids and for manufacturers of vitamin fortified bever-
ages, in order to improve the stability or to retain the nutri-
ents, thereby reducing degradation losses that commonly
occur during processing.

References

1. Combs, G.F. Jr (2012). Chapter 17 - Vitamin B12. In G.F.
Combs (Ed.), The Vitamins (4th ed., pp. 377–94). San Diego:
Academic Press.

2. Nakos, M., Pepelanova, I., Beutel, S., Krings, U., Berger, R.G., &
Scheper, T. (2017) Isolation and analysis of vitamin B12 from
plant samples. Food Chem. 216, 301–8.

3. Watanabe, F., Yabuta, Y., Tanioka, Y., & Bito, T. (2013)
Biologically active vitamin B12 compounds in foods for
preventing deficiency among vegetarians and elderly subjects.
J Agric Food Chem. 61, 6769–75.

4. Campos-Gimnez, E., Fontannaz, P., Trisconi, M.-J., Kilinc, T.,
Gimenez, C., & Andrieux, P. (2008) Determination of vitamin
B12 in food products by liquid chromatography/UV detection
with immunoaffinity extraction: single-laboratory validation.
J AOAC Int. 91, 786–93.

5. Edelmann, M., Chamlagain, B., Santin, M., Kariluoto, S., &
Piironen, V. (2016) Stability of added and in situ-produced
vitamin B12 in breadmaking. Food Chem. 204, 21–8.

6. Pérez-Fernández, V., Gentili, A., Martinelli, A., Caretti, F., &
Curini, R. (2016) Evaluation of oxidized buckypaper as
material for the solid phase extraction of cobalamins from
milk: Its efficacy as individual and support sorbent of a
hydrophilic-lipophilic balance copolymer. J Chromatogr. 1428,
255–66.

7. Juzeniene, A., & Nizauskaite, Z. (2013) Photodegradation of
cobalamins in aqueous solutions and in human blood.
J Photochem & Photobiol B: Biol. 122, 7–14.

8. Monajjemzadeh, F., Ebrahimi, F., Zakeri-Milani, P., &
Valizadeh, H. (2014) Effects of formulation variables and
storage conditions on light protected vitamin B12 mixed
parenteral formulations. Adv Pharm Bull. 4, 329.

9. Barr, M., Robert Kohn, S., & Tice, L.F. (1957) The effect of
various sugars and polyols on the stability of vitamin B12.
J Am Pharm Assoc (Scie ed). 46, 650–2.

10. Bolin, H., Huxsoll, C., Jackson, R., & Ng, K. (1983) Effect of
osmotic agents and concentration on fruit quality. J Food Sci.
48, 202–5.

11. Riva, M., Campolongo, S., Leva, A.A., Maestrelli, A., &
Torreggiani, D. (2005) Structure-property relationships in
osmo-air-dehydrated apricot cubes. Food Res Int. 38, 533–42.

12. Chatzimichalakis, P.F., Samanidou, V.F., Verpoorte, R., &
Papadoyannis, I.N. (2004) Development of a validated HPLC
method for the determination of B-complex vitamins in
pharmaceuticals and biological fluids after solid phase
extraction. J Sep Sci. 27, 1181–8.

13. Blitz, M., Eigen, E., & Gunsberg, E. (1956) Studies relating to
the stability of vitamin B12 in B-complex injectable solutions.
J Am Pharm Assoc (Sci ed). 45, 803–6.

14. Ahmad, I., Qadeer, K., Hafeez, A., Zahid, S., Sheraz, M., &
Rehman Khattak, S. (2017) Effect of ascorbic acid on
the photolysis of cyanocobalamin and aquocobalamin/
hydroxocobalamin in aqueous solution: A kinetic study. J
Photochem & Photobiol A: Chem. 332, 92–100.

15. Ichikawa, M., Ide, N., Shiraishi, S., & Ono, K. (2005) Effect of
various halide salts on the incompatibility of cyanocobalamin
and ascorbic acid in aqueous solution. Chem Pharm Bull. 53,
688–90.

16. Hogenkamp, H.P.C. (1966) The photolysis of methylcobalamin.
Biochemistry. 5, 417–22.

17. Ahmad, I., Ahmed, S., Anwar, Z., Sheraz, M.A., & Sikorski, M.
(2016) Photostability and photostabilization of drugs and drug
products. Int J Photoenergy. 2016.

18. Wiley, T.E., Miller, W.R., Miller, N.A., et al. (2016) Photostabil-
ity of hydroxocobalamin: Ultrafast excited state dynamics and
computational studies. J Phys Chem Lett. 7, 143–7.

19. Grissom, C.B., Chagovetz, A.M., & Wang, Z. (1993) Use of
viscosigens to stabilize vitamin B12 solutions against pho-
tolysis. J Pharm Sci. 82, 641–3.

20. Kim, S.H., Chen, H.L., Feilchenfeld, N., & Halpern, J. (1988)
Thermal decomposition and cobalt-carbon bond dissociation
energies of organocobalamins: neopentyl-, (cyclopentyl-
methyl)-, (cyclohexylmethyl)-, (tetrahydrofurfuryl)- and
((tetrahydro-2H-pyryl)methyl)cobalamin. J Am Chem Soc.
110, 3120–6.

21. Mander, L., & Liu, H.W. (2010). Comprehensive Natural
Products II: Chemistry and Biology, 507 p. Elsevier
Science.

22. Armitage, J., Cannon, J., Johnson, A., et al. (1953) Chemistry
of the vitamin B12 group. Part III. The course of hydrolytic
degradations. J Chem Soc (Resumed). 3849–64.

23. Bühler, V. (2001). Vademecum for Vitamin Formulations.
Wissenschaftliche Verlagsgesellschaft.

24. Gerber, C., Hetzel, C., Klioze, O., & Leyden, A. (1957) Aqueous
oral preparations containing ascorbic acid, Vitamin B12,
and ferrous gluconate. J Am Pharm Assoc (Scientific ed).
46, 635–9.

25. Buyuktimkin, S., Buyuktimkin, N., & Yeager, J.L. (2005).
Method for the long term stabilization of labile compounds
at room temperature in pharmaceutical preparations con-
taining water. Google Patents

26. Wyk, J., & Britz, T. (2010) A rapid HPLC method for the
extraction and quantification of vitamin B12 in dairy products
and cultures of Propionibacterium freudenreichii. Dairy Sci
Tech. 90, 509–20.

27. Marley, E.C., Mackay, E., & Young, G. (2009) Characterisation
of vitamin B12 immunoaffinity columns and method devel-
opment for determination of vitamin B12 in a range of foods,
juices and pharmaceutical products using immunoaffinity
clean-up and high performance liquid chromatography with
UV detection. Food Addit Contam. 26, 282–8.

28. Schimpf, K., Spiegel, R., Thompson, L., & Dowell, D (2012)
Determination of vitamin B12 in infant formula and adult
nutritionals by HPLC: First action 2011.10. J AOAC Int. 95,
313–8.

29. Heudi, O., Kilinç, T., Fontannaz, P., & Marley, E. (2006)
Determination of Vitamin B12 in food products and in
premixes by reversed-phase high performance liquid chro-
matography and immunoaffinity extraction. J Chromatogr.
1101, 63–8.

Int J Vitam Nutr Res (2020), 90 (5–6), 439–447 �2019 Hogrefe

446 A. Hadinata Lie et al., Cyanocobalamin, hydroxocobalamin and methylcobalamin



Acknowledgments
AHL and MVCH made substantial contributions to conception and
design, acquisition, analysis and interpretation of data, and
writing the article. JA critically revised the manuscript for
important intellectual content. This research did not receive any
specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Conflict of interest
The authors declare that they have no conflict of interest.

Dr. Maria Veronica Chandra-Hioe
Science and Engineering Building (E8)
UNSW Sydney
High Street
Sydney NSW 2052
Australia

m.v.chandra-hioe@unsw.edu.au

�2019 Hogrefe Int J Vitam Nutr Res (2020), 90 (5–6), 439–447

A. Hadinata Lie et al., Cyanocobalamin, hydroxocobalamin and methylcobalamin 447



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


