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Abstract

Morpholine is an emulsifier that is normally used as a protective wax coating on the surfaces of fruit
and vegetable. In order to keep fruits fresh, extend their shelf-life, against insect and fungal contamination
for a long time, morpholine has been widely applied despite of the reported carcinogenic potential in previous
studies and export prohibition in many countries. A highly sensitive method has been developed for the
determination of this food additive in fruits using ultra-performance liquid chromatography tandem mass
spectrophotometry. By using 1 % acetic acid in methanol for extraction and analyzing with binary ammonium
formate 20 mM and acetonitrile, the method has been applied successfully to determine morpholine residues in
apple samples collected at local markets in Hanoi, Vietnam. The good coefficient correlation was achieved
in the linear range of 5 - 300 pg/L (R? =0.9998). The low limit of detection (LOD) and limit of quantification
(LOQ) were 2 and 5 pg/kg, respectively. The recoveries of morpholine were 83 - 108 % over three spike
levels 20 - 60 ug/L for apple, peel and pulp matrices. The repeatability (RSDr %) was 1.1 % for apple
matrix, 2.36 % for peel and 3.67 % for pulp. The reproducibility values (RSDr %) were 1.49, 3.50 and 4.08 %
for apple, peel and pulp, respectively. This method could be further performed in different type of fruit and
vegetable comiditities to determine the morpholine content.
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1. INTRODUCTION

Currently, the consumption and export of high-quality fruits are becoming popular, which requires many
storage techniques to extend their shelf-life, keep them fresh, good appearance, against insect and fungal
contamination before reaching the consumer. To handle this problem, the presence of morpholine, a protective
wax coating, is considered as a lifesaving solution for both farmers, consumers during prolonged transit
because of its convenience and economy. Morpholine, CsaHoNO (fig.1), is a colorless secondary amine ether
that has been used as an emulsifier appled thinly on fruits surface, especially in major apple and citrus-producing
[1-3]. It is also waxed on the surfaces of fruits to prevent sun damage or insecticide damage during growing
up and keep the color of the fruits. However, it is difficult to take this wax coating out of fruits and vegetables
if they are washed typically, therefore, it can be absorbed in the body without degradation [4].

Some recent studies show that morpholine can be chemically modified (nitrosated) to form
N-nitrosomorpholine (NMOR) with the presence of excess nitrate, which has been proved to be a genotoxic
carcinogen in rodents [5]. Thus, it is prohibited for this function under EU food additives legislation EC
Regulation 1333/2008 [6]. According to Health Canada, the acceptable intake level for morpholine is
0.48 mg/kg bw/day based on a chronic oral toxicity study [7].

The accumulation of morpholine has adversely impacted on humans for a long time that has raised an
alarming situation about consumer protection health regulation of each country. Therefore, some methods
have been developed to monitor and evaluate the level of morpholine residue accurately and regularly such
as gas chromatography with flame ionization detection (GC-FID) [8], gas chromatography-tandem mass
spectrophotometry (GC-MS) [9], liquid chromatography tandem mass spectrophotometry (LC-MS) [10],
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ultra performance liquid chromatography-high resolution mass spectrophotometry (UPLC-HRMS), etc [11-12].
Mengsi Cao and his colleagues [9] applied the derivatization method by using GC-MS to detect morpholine,
however, the derivatization step in treatment was considered difficult to implement. Since, morpholine was
added to fruit surfaces at trace level, UPLC-MS/MS method is considered powerful, rapid, selective, sensitive
and popular for detection and quantitation of morpholine [9-10]. Different from citrus, apples are fruits that
do not need to remove the outer skin when eating, it is possible to absorb a large amount of morpholine
when eating apples due to the consumption habit of eating apple peel for the majority. Therefore, this study
places special emphasis on apples, apples peel and pulp, and washed apples to recommend the consumption
habits of this fruit.

HN

Morpholine

Figure 1. Morpholine structure

2. MATERIALS AND METHODS
2.1. Reagents and materials

Morpholine standard (99 % purity) was purchased from Sigma-Aldrich. Other reagents at HPLC an-
alytical grade including acetonitrile, methanol and glacial acetic acid were from Merck. Ultra-pure water was
prepared using a Milli-Q water system (Millipore, Billerica, MA, USA).

2.2. Sample collection

Apple samples were collected at local markets in Hanoi. They were then separated into four parts

including unwashed apple peel, unwashed apple, washed apple, and apple pulp. They were diced and
lyophilized and stored at -80°C until analysis within one month. The freeze samples were ground with a

blender before analysis.

2.3. Sample preparation

Approximately 5 - 7 g of homogenized sample was weighted into a 50 mL polypropylene centrifuge
tube. Add I - 2 mL of water and followed by 10 mL of extract solvent to the tube. The investigated extract
solvents were: the mixture of 1 % acetic acid in methanol, acetonitrile/water (1 : 1), and 1 % formic acid
in methanol. Shake horizontally by a mechanical shaker for 15 minutes (ultrasound without temperature if
necessary) and centrifuged at 6,000 rpm for five minutes. The aliquot of the extract was transferred intoa 25 mL
volumetric flask. Reduplicate the previous extraction with 10 mL of extract solvent. Combine the aliquot, dilute to
25mL. The extract was filtered through a 0.2 um PTFE syringe filter before being analyzed by UPLC-MS/MS.
2.4. UPLC-MS/MS condition

The analysis process was operated by using Waters Acquity UPLC system (binary) coupled to a Waters
Xevo TQD mass spectrometer via electrospray ionization (ESI). The chromatography separation was conducted
with HILIC column (100 mm % 2.1 mm X 5 pum) at the column temperature of 40°C . The mobile phase was
ammonium formate 20 mM (A) and acetonitrile (B). The constant flow rate was 0.5 mL/min with the ratio of
A:B was 60 : 40 (v/v). The injection volume was 10 uL. The total run time was ten minutes.

The precursor was 87.8 and two different ions (41.8 and 69.9) were selected to detect and quantify
morpholine at the selected reaction monitoring (SRM) mode. The cone (V) was 25 and collision energy (V)
was 16 for the primary transition (87.8 > 41.8), and for the secondary transition (87.8 > 69.9) they were 25
and 16, respectively.
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2.5. Method validation

This method was validated for linearity, LOD, LOQ, repeatability, reproducibility, recovery, and
measurement uncertainty. The calibration curve was conducted using working standard solutions at the
concentrations of 5, 10, 25, 50, 100, 200, 300 pg/L. LOD and LOQ were calculated as LOD (limit of detection)
=3.3 x S/N and LOQ (limit of quantitiation) = 10 x S/N, where S/N is the signal/noise ratio.

To evaluate the precision (intra-day repeatability RSDr % and inter-day reproducibility RSDR %),
the experiment was repeated six times (n = 6) with the same sample, equipment and operator in a day. For
reproducibility, n = 10 for two operators on different days. The recoveries were performed with three
known amounts of morpholine (20, 35, and 60 pg/L), which were added to the matrices with three replicates
at each level. The measurement uncertainty was also estimated for the morpholine analysis method in
apple using the combined standard uncertainty. To obtain measurement uncertainty (U), a coverage factor of
~ 95 %, where k = 2, was used.

2.6. Morpholine analysis in real samples

After sample collection, morpholine was determined in four different matrices: unwashed apple peel,
apple pulp, unwashed apple, and washed apple using the proposed method. After that, sample solutions are
analyzed in UPLC-MS/MS. Based on the calibration curves, the concentration of each sample can be mea-
sured. Evaluate and compare the content of morpholine in different apple matrices.

3. RESULTS AND DISCUSSIONS
3.1. Optimization of mobile phase composition

Effects of different mobile phases on the target compound signal and retention were investigated.
The experiments were designed in the combination of acetonitrile and water with/without a variety of
modifiers including water and acetonitrile; 20 mM ammonium formate and acetonitrile; 0.1 % formic acid and
acetonitrile. The 20 mM ammonium formate solution was selected as the most suitable mobile phase because
of the higher sensitivity and better peak symmetry than using water and acetonitrile.

3.2. The extraction procedure optimization

The morpholine extraction was performed with 1 % acidic methanol and a small amount of water
(1 -2 mL) [9]. Thus, the extraction efficiency was studied for the mixture of 1 % acetic acid in methanol,
acetonitrile/water (1 : 1), and 1 % formic acid in methanol. It can be seen in Figure 2, the extraction
efficiency for morpholine was better at 1 % acetic acid in methanol than that at acetonitrile/water (1 : 1,
v/v) and 1 % formic acid in methanol, based on the recoveries of morpholine. As a result, 1 % acetic acid
in methanol is chosen for sample treatment in this study.
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Figure 2. Recoveries of morpholine in different extraction solvents
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3.3. Method validation
The quantification of morpholine using the UPLC-MS/MS method was validated with the following

criteria: linear range, calibration curve, precisions (RSDr %, RSDr %), and accuracy (recovery %).
Linear range and calibration curve: The results are shown in Figure 3. The correlation coefficient (R?)

of the calibration curve showed high linearity over a linear range of 5 - 300 pg/L.
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Figure 3. Calibration curve of morpholine

The chromatograms of 100 png/L morpholine standard from Water Xevo TQD with MRM transition
87.8>69.9 and 87.8 > 41.8 were presented in Figure 4.
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Figure 4. Chromatography of 100 ug/L morpholine standard
(69.9 ion for quantitation and 41.8 ion for qualification)

The limit of detection (LOD) and limit of quantification (LOQ) values were 2 and 5 ug/kg, respectively
by calculating as 3.3 and 10 times the signal/noise (S/N) ratio.

Repeatability, Reproducibility, and Recovery were presented in Table 1. All the results satisfy the
requirements of AOAC [13].

The measurement uncertainty of morpholine was estimated from the recovery values according to the
Nordtest approach. The expanded uncertainties Uc for apple, apple peel, and apple pulp were 15.6, 10.3,
and 11.2 %, respectively, with k = 2.

Table 1. Repeatability, Reproducibility and Recovery of morpholine in apple matrices

Matrix RSDr % RSDr % Recovery %

Apple 1.10 1.49 87 - 108
Peel 2.36 3.50 85 - 106
Pulp 3.67 4.08 83 - 108
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The obtained results proved that the analytical method is suitable for the determination of morpholine
at low concentration.

3.4. Determination of morpholine content in real samples
The developed method was used to determine the morpholine residues in four matrices: unwashed
apple peel, unwashed apple, and washed apples and apple pulp from the local markets in Hanoi. The analysis
data was shown in Table 2. The levels of morpholine in the washed apple and the unwashed apple are quite
clearly different. Morpholine was not found in the pulp but was significantly detected in the peel.
Table 2. Average morpholine concentration in four apple matrices

Average morpholine content (ug/kg)

Apple 1 Apple 2 Apple 3

Apple peel 1887 + 194 673 £69 ND
Unwashed apple 969+ 151 234+ 37 ND
Washed apple 612+ 95 96 £ 15 ND
Apple pulp ND* ND ND

*ND: indicated not detected

From the results of Table 2, it was indicated that not all apples in the markets have applied morpholine
onto the surfaces of apples for preservation. Some species were found in a high concentration of morpholine,
others were not detected in the presence of it. This advises consumers in choosing products with a reputation
for product quality.

Figure 5 was shown that no detection of any morpholine ion at the same time in apple pulp matrix
compared with chromatogram of apple peel matrix. Thus, the apple should be washed and peeled before
consumption to prevent the exposure of morpholine residue in apple peel.
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Figure 5. Chromatograms of morpholine in apple peel (below) and apple pulp (above)

4. CONCLUSIONS

UPLC-MS/MS is proved to be useful technique to detect and quantify a small amount of morpholine
in fruit commodities with high precision and accuracy in a broad linear range. The LOD and LOQ were low
enough to quantify morpholine residues in apple matrices. Morpholine was found in some apple samples
purchased at local markets in Hanoi by this mentioned method. This phenomenon raises the concern about the
use of morpholine in the preservation of fruits and vegetables. Thus, this method should be used to monitor
the morpholine residues in larger numbers of samples for further study.
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Xac dinh ham lugng morpholine trong to bang phuong phap sac ky léng
hiéu nang cao két hop voi detector khdi phd hai 1an

Pham Thi Mai Hwong', Vii Thi Trang?, Vii Thi Nhat Lé?, Luu Thi Huyén Trang?

Khoa Cong nghé Hoa, Trueong Pai hoc Cong nghiép Ha Nogi, Ha Noi, Viét Nam
? g‘? p /4
’Vién Kiém nghiém an toan vé sinh thuc pham Quoc gia, Ha Noi, Viét Nam

Tom tit

Morpholine 1& mot chat nhii hoa thuong dugc str dung nhu mot 16p sép phu trén bé mat cua cac loai
trai cdy va rau qua. Vi muc dich gitr cho trai cay tuoi lau, kéo dai thoi han sir dung, ngan ngira sy xam
nhap clia con tring va nAm méc trong thoi gian dai, morpholine da dugc st dung rong rai mac du chét nay
da duoc bao cio vé kha ning giy ung thu trong cac nghién ctru trude ddy va bi cam xuat khau ¢ nhiéu nudc.
Phuong phap séc ky 1ong siéu hiéu nang két hop voi detector khdi pho hai 1an duoc danh gia 1a phuong phap
c¢6 d6 nhay cao, phul hop dé xac dinh du lwong morpholine trong trai cdy. Bang viéc st dung dung méi chiét
acid acetic 1 % trong methanol va chuong trinh phan tich dang dong véi thanh phan pha dong amoni format
20 mM va acetronitrile, phuong phap nay duoc ap dung thanh cong dé xac dinh du lwong morpholine trong
cac mau tao duoc thu thap tai mot sd cho & Ha Noi. Hé sb tuong quan dat duoc tot trong khoang tuyén tinh
tir 5 - 300 pg/L (R? = 0,9998). Gi6i han phat hién va gidi han dinh lugng ciia phuong phép thap, 1an luot 1a
2 va 5 pg/kg. Do thu hodi cia morpholine 13 83 - 108 % trén ba mic thém chuéan 20 - 60 pg/L ddi véi nén
tao, vo va thit tdo. Do 1ap lai (RSDr %) 1a 1,1 % trén nén tao, 2,36 % ddi véi vo va 3,67 % ddi véi thit tao.
Céc gia tri d6 tai 1ap (RSDr %) tuong ung 1a 1,49, 3,50 va 4,08 % ddi véi tao, vo va thit tao. Phuong phap
nay co thé duoc ap dung dé phén tich du lugng morpholine trong cic mit hang rau ct qua khac nhau trén
thi truong.

Tir khoa: Morpholine, UPLC-MS/MS, tao, vo tao, thit tdo.
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