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Abstract In this study, the stability of 5-methyltetrahy-

drofolate (5-MTHF) in the model system and folate-en-

riched egg yolk and strategies for 5-MTHF stabilization

were investigated. The oxygen, temperature and light affect

the stability of 5-MTHF in the model system, among which

oxygen is the main factor. In thermal pasteurization and

spray-drying with normal air media, 5-MTHF is sensitive

to oxidation, with the retention rate of blank group only

reaching 74.96% ± 1.28%. The addition of vitamin C or

vitamin E can protect 5-MTHF in egg yolk from degra-

dation and the latter has a better protective effect. By

adding 0.2% (w/v) vitamin E to egg yolk liquid, the

retention rate of 5-MTHF during thermal pasteurization

and spray-drying with normal air media were

94.16% ± 0.48% and 84.80% ± 0.82% respectively.

Additionally, the spray-drying technique with inert gas

media (N2) was also an effective method to improve the

stability of the 5-MTHF in egg yolk. Our study explored

the factors affecting the stability of 5-MTHF in both model

systems and egg yolk liquid and provided effective

strategies for the protection of 5-MTHF during the pro-

cessing of egg.
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Introduction

As an important water-soluble B vitamin, folate has a

significant importance in the prevention of other diseases

including cerebral vascular disease, cognitive impairments,

some cancers and osteoporosis (Kawakita et al. 2018;

Rachael et al. 2006; Wald et al. 2002). The word ‘‘folate’’

usually refers to the naturally occurring forms of folate,

including tetrahydrofolate, 5-formyltetrahydrofolate and

5-methyltetrahydrofolate (5-MTHF). Among these,

5-MTHF can be directly absorbed by human body (Seyoum

and Selhub 1998). Folic acid (FA) represents a synthetic

and oxidized form of folate, and is usually found in forti-

fication food and dietary supplements (Phillips et al. 2005).

However, more and more evidence shows that consuming

an excess of FA may mask vitamin B12 deficiency in early

stage, cause the existence of unmetabolised FA in circu-

lation, and increase the risk of certain cancer including

prostate cancer and colon cancer (Sweeney et al. 2007).

Considering concerns described above, an alternative way

to achieve adequate and safe intake of folate should be

considered. One approach is to develop novel functional

foods based upon animal products rich in natural forms of

folate through the addition of FA to basal diet of animals.

Studies have shown that folate-enriched eggs can be

produced by supplementing hens’ basal diet with FA. The

reported highest egg folate content is as about 1.5–2 times

as that of an ordinary egg with average size (Dickson et al.

2010; Hebert et al. 2005). Also, the folate in folate-en-

riched egg, mainly 5-MTHF (around 80%), is mostly

located in egg yolk, and the minimal amount of unmeta-

bolised FA accounts for less than 10% (Hoey et al. 2009).

Our previous research (not published yet) has also

shown that folate-enriched eggs can be produced by adding

FA and vitamin C to hens’ basal diet, with the highest

5-MTHF content reaching around 78 lg/egg (2.17-fold

higher than an ordinary egg). However, the chemical

structure of 5-MTHF (Fig. 1) differs from FA by being

reduced in positions N (5), C (6) and C (7), and N (8),

while hydrogen in position N (10) is substituted by a

methyl group (Herbig et al. 2019). This makes 5-MTHF

Fig. 1 The chemical structural formula of 5-MTHF
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highly unstable and susceptible to oxidation, which brings

a challenge when considering the further process of folate-

enriched egg. Currently, both thermal pasteurization and

spray-drying are widely used in egg processing and uti-

lization to produce pasteurized egg yolk liquid and egg

yolk powder, which are both useful egg products. 5-MTHF

is susceptible to oxidation, and therefore it is stable in the

absence of oxygen (Liu et al. 2012). Therefore, 5-MTHF of

folate-enriched eggs will probably decrease in the thermal

pasteurization and spray-drying as the oxidation may exist

in these two processes. Lots of researches have shown that

the vitamin C can decrease the degradation of 5-MTHF in

model systems as it has antioxidant effect (Rozoy et al.,

2012). Vitamin E also has a strong ability to serve as an

antioxidant or radical scavenger, which is well described

by many studies (Gottstein and Grosch 1990). Nitrogen-

filled spray drying is widely used for dried dangerous

chemical products. Luo et al. (2013) reported that

increasing the nitrogen concentration decreased the loss of

vitamin C and total phenol when using nitrogen-controlled

heat pump drying for Hami melons, which is explained as

the reduction of vitamin C and total phenol oxidation.

To date, studies specially designed to investigate the

degradation and protection of 5-MTHF in food systems are

limited, especially in folate-enriched eggs. Also, little

research has studied the application of nitrogen-filled spray

drying in the food industry. Additionally, it is valuable for

industrial producers to know more information about the

strategies for 5-MTHF stabilization in the processing

including thermal pasteurization and spray-drying. There-

fore, the aim of this research, is to first identify the main

factor for the degradation of 5-MTHF in the model system,

then to study the effect of thermal pasteurization, spray-

drying on 5-MTHF in folate-enriched egg yolk, and lastly

to explore strategies for 5-MTHF stabilization using

nitrogen-filled spray drying and antioxidants including

vitamin C and vitamin E.

Material and methods

Materials

Folate-enriched eggs were provided by Rongda Poultry

Co., Ltd (Xuancheng, China). The 5-MTHF (C 98%)

standard was obtained from Sigma Chemical Co, Ltd

(Switzerland). Sodium ascorbate (C 98%) was obtained

from Shanghai Macklin Biochemical Co., Ltd (Shanghai,

China). Bis–Tris Propane (99%), vitamin E (C 99%) and

vitamin C (C 99%) were purchased from Sinopharm

Chemical Reagent Co., Ltd (Shanghai, China).

Stability of 5-MTHF in the model system

Thermal treatment

The samples were immersed in a water bath (85 or 100 �C)

for 15 min. Once the thermal treatments were finished, the

samples were taken out and immediately cooled in an ice

bath (0–4 �C) for 30 min to minimize further degradation

of 5-MTHF before HPLC assay. The blank was defined as

the same concentration of non-heat treatment sample in

each experiment.

Sample preparation

5-MTHF was stored at -40 �C. Prior to sample preparation,

phosphate buffer solution (0.1 M, pH 7) was prepared

using Milli-Q water and kept at 25 �C till further use. For

each experiment, samples of 5-MTHF were freshly dis-

solved in phosphate buffer solutions. Three experiments

were conducted. In experiment one, the effect of light on

5-MTHF stability in the model system was studied and

samples were divided into two groups and treated with

heating process at 85 �C for 15 min. All samples were

flushed with nitrogen for 10 min at room temperature. In

one group, the preparation of 5-MTHF (40 mg/mL) was

conducted under usual light, and then samples were put in

transparent glass vials for further thermal treatment under

usual light. In the other group, the procedures of sample

preparation and all treatments were carried out under

subdued light, and the samples were put in dark brown

glass vials.

In experiment two, the effect of temperature on

5-MTHF in the model system was identified and samples

were divided into two groups and went through thermal

treatment at temperature of 85 and 100 �C respectively for

15 min. All procedures were performed under subdued

light. All samples were immediately flushed with nitrogen

for 10 min at room temperature before thermal treatment

and then were put in dark brown glass vials and capped

with precaution to avoid the contact with air.

In experiment three, the influence of oxygen on

5-MTHF in the model system was explored and samples

were divided into two groups treated with heating process

at 85 �C for 15 min. One group of 5-MTHF solution was

flushed with nitrogen for 10 min before receiving thermal

treatment while the other group was flushed with nothing.

All samples were prepared under subdued light and also

put in dark brown glass vitals. All procedures during the

experiment were carried out under subdued light.
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HPLC analysis for 5-MTHF

The concentration of the 5-MTHF in the model system was

identified by HPLC. HPLC analysis was conducted on a

LC-20AT liquid chromatograph (Shimadzu, Japan) equip-

ped with an UV/vis detector and LabSolutions software. 20

lL sample was injected onto a reverse phase Atlantis C-18

column (3 lm, 150 mm 9 4.6 mm i.d.) of Waters (Mil-

ford, USA) mounted in a thermostatic column compart-

ment at 30 �C. The gradient elution conditions were as

follows: 0.6 ml/min flow rate; solvent A, phosphate buffer

(0.05 M, pH 3.5); solvent B, acetonitrile; elution was

performed with linear gradients from 10 to 18% B in

10 min, from 18 to 10% in 1 min, followed by re-equili-

bration of the column. Chromatograms were recorded at

290 nm.

Stability of 5-MTHF in the processing of folate-

enriched egg yolk and strategies for its stabilization

Effect of vitamin C or vitamin E on the stability of 5-MTHF

of egg yolk liquid in thermal pasteurization

Thermal pasteurization of egg yolk was performed previ-

ously with some modifications (Wilkin and Winter 2006).

20 mL egg yolk liquids were pasteurized at 65 �C for

3.5 min, with and without vitamin C (0, 0.05%, 0.10%,

0.15%, 0.20% w/v) or vitamin E (0, 0.05%, 0.10%, 0.15%,

0.20% w/v). After thermal pasteurization, all samples were

immediately placed in cold water and then lyophilized for

further analysis. The freeze-drying was performed on

SCIENTZ-10 N of Ningbo Scientz Biotechnology Co., Ltd

(Ningbo, Zhejiang, China). The drying conditions were as

follows: - 60 �C for cold trap temperature, 48 h for drying

time. The vacuum degree was lower than 20 Pa.

Effect of vitamin C or vitamin E on the stability of 5-MTHF

of egg yolk liquid in spray-drying with normal air media

200 mL egg yolk liquids containing vitamin C (0, 0.05%,

0.10%, 0.15%, 0.20% w/v) or vitamin E (0, 0.05%, 0.10%,

0.15%, 0.20% w/v) were spray-dried for around 30 min.

Spray-drying was conducted on SP-1500 of Shunyi

Instrument Co., Ltd (Shanghai, China) whose evaporation

capacity is 1500 mL/h with a pressure atomizer. According

to previous studies, the drying conditions were set as fol-

lows: 180/70 �C for inlet/outlet air temperature, 18 m/s for

the inlet air media flow rate, 25 �C for the feed tempera-

ture. The feed flow rate is 400 mL/h. The original con-

centration of 5-MTHF in egg yolk was determined as the

5-MTHF in freeze-dried egg yolk powder from the same

batch egg.

Spray-drying with inert gas media (N2)

Spray-drying with inert gas media (N2) was conducted on

BG-20 of Pingfeng Machine Technology Co., Ltd (Wuxi,

Jiangsu, China) whose evaporation capacity is 20 kg/h with

a pressure atomizer. The drying conditions were as the

same as the common spray-drying described above:

180/70 �C for inlet/outlet air temperature, 18 m/s for the

inlet gas media flow rate, 25 �C for the feed temperature.

The feed flow rate is 1500 mL/h. The control group was

identified as the lyophilized egg yolk powder from the

same batch egg.

Assay of 5-MTHF in egg yolk

The extraction of 5-MTHF was performed as described

previously with some modification (House et al. 2002). In

short, egg was weighed, and yolk was displaced and

weighed. Then, the yolk was lyophilized or spray-dried,

and egg yolk powder was placed in -40 �C with recorded

weight. Then, 5-MTHF in egg yolk powder was extracted

with the trizma buffer (12.1 g/L trizma; 20 g/L sodium

ascorbate; pH 7.8) and determined by UPLC-MS. The

UPLC-MS was performed on a Waters ACQUITY UPLC

� system (Milford, USA) equipped with an electrospray

ion source (ESI) and a triple quadrupole mass spectrometer

(TOD). The analysis was carried out using an ACQUITY

UPLC� HSS T3 column (1.8 lm, 2.1 9 100 mm).

Methanol (solvent A) and water/formic acid (100:0.1 v/v)

(solvent B) served as mobile phases. Oven temperature was

set to 30 �C and sample size was 3 lL. The gradient elution

conditions were as follows: flow rate 0.3 mL/min,

0–0.5 min of 98% A, 0.5–10 min of 60% A, and 10 -

10.5 min of 98% A. Mass spectrometry operating condi-

tions were as follows: capillary voltage 3,000 V, cone

voltage 30 V, desolvation temperature 350 �C, cone gas 50

L/h and source temperature 120 �C. The product ion scans

were performed for the precursor [M ? H] ? m/z 313.5.

Statistically analysis

A one-way analysis of variance (ANOVA) was used to

evaluate the significant differences between mean values

by SPSS (Version 24, IBM, America). When P B 0.05, the

differences between means were considered as significant

by Duncan’s-multiple range test. Results were displayed by

mean values with their standard errors.
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Results and discussions

Stability of 5-MTHF in the model system

The effect of light on 5-MTHF stability in the model system

In the first instance, the stability of 5-MTHF in a phosphate

buffer solution (0.1 M, pH 7) heated at 85 �C for 15 min

was investigated. The effect of light, temperature and

oxygen on the retention rate of 5-MTHF in the model

system was shown in Fig. 2. As is shown in Fig. 2, the

retention rate of 5-MTHF under light condition was

58.45% ± 1.16% while the retention rate of 5-MTHF

under dark condition was 72.86% ± 2.15%. Previous

studies showed that folic acid was sensitive to sunlight,

visible light and ultraviolet light (Nguyen et al. 2003).

Akhtar et al. (2003) have postulated a mechanism of the

degradation of folic acid in aqueous solution. They con-

cluded that folic acid is motivated by UV light and then

oxidized, that is, dehydrogenated in position C (9) and N

(10). This cleavage of the bond between the C (9) and N

(10) was also identified to occur in thermal degradation of

folates. Since the C (9)–N (10) bond also exists in

5-MTHF, the degradation of 5-MTHF caused by light in

our studies is probably attributed to the same cleavage of

the bond.

The effect of temperature on 5-MTHF stability in the model

system

According to Fig. 2, the retention rate of 5-MTHF heated

at 85 �C for 15 min under dark condition was

72.86% ± 2.15% while the retention rate of 5-MTHF

heated at 100 �C for 15 min under dark condition was

42.76% ± 3.19%. According to literature, folates are also

sensitive to heat. Nguyen et al. (2003) studied the stability

of folic acid and 5-MTHF degradation during heat treat-

ment in combination with high hydrostatic pressure. They

suggested that the degradation of both folic acid and

5-MTHF followed first-order reaction kinetics. Studies on

the reaction kinetics of folate degradation have also been

carried out in some food systems, especially fruits and

vegetables. Delchier et al. (2014b) studied the thermal

degradation of total folate and 5-MTHF in spinach and

green beans, with a conclusion of the first-order kinetic

model. In agreement with their conclusion, the rise of

temperature in our model system also resulted in an

increase in the loss of 5-MTHF. Among light, temperature

and oxygen, the oxygen has the most evident effect on the

degradation of 5-MTHF in our study.

The effect of oxygen on 5-MTHF stability in the model

system

As is shown in Fig. 2, the retention rate of 5-MTHF in

nitrogen flushed aqueous solution heated at 85 �C under

dark condition for 15 min was 72.86% ± 2.15% while the

retention rate of 5-MTHF in aqueous solution under air

heated at 85 �C for 15 min under dark condition was only

17.29% ± 1.24%. According to literature, the degradation

of folates is universally assumed to be an oxidation process

(Herbig et al. 2019). Moreover, compared with folic acid,

5-MTHF is highly susceptible to oxidation. In anaerobic

condition, 5-MTHF is almost stable. Chen and Cooper

(1979) were the first to study the thermal destruction of

5-MTHF in aqueous solution, under air or with nitrogen

and ascorbate. They observed that the stability of 5-MTHF

was increased in the presence of ascorbate and nitrogen

atmosphere. Mnkeni and Beveridge (1983) also reported a

decrease of 5-MTHF degradation when the initial oxygen

concentration fell from 8 to 5.3 mg/L (by flushing nitro-

gen). Barrett and Luan (1989) also observed a faster

degradation of 5-MTHF in the presence of oxygen in the

model system (0.1 M, phosphate buffer, pH 7) comparing

to the statistics obtained under oxygen-free system. Gen-

erally speaking, flushing nitrogen in the system can sig-

nificantly protect the 5-MTHF from oxidation, which is

also observed in our studies on the stability of 5-MTHF in

the model system.

Stability of 5-MTHF in the processing of folate-

enriched egg yolk

The effect of vitamin C on 5-MTHF stability in the thermal

pasteurization of folate-enriched egg yolk

Thermal pasteurization is widely used in the production of

egg yolk liquid or egg yolk powder as it can effectivelyFig. 2 Stability of 5-MTHF in the model system
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destroy most of the bacteria existent and prolong the shelf

life, especially at household refrigerator temperature.

According to previous literatures, folate in egg yolk of the

ordinary eggs was fairly shown to be unstable with folate

retention estimated to be around 70% by various cooking

methods, including boiling, frying, poaching and scram-

bling (Han et al. 2005). Of perhaps greater note, our pre-

vious experiment on the stability of 5-MTHF in the model

system identified that thermal treatment would cause the

degradation of 5-MTHF which was attributed to the

exposure to the heat, oxygen and light. Thus, the stability

of 5-MTHF and strategies for 5-MTHF stabilization in the

thermal pasteurization of folate-enriched egg yolk were

investigated in current study.

The effect of vitamin C on the stability of 5-MTHF in

folate-enriched egg yolk liquid during thermal pasteuriza-

tion was shown in Fig. 3. Similar with the observation in

the model system, 5-MTHF in egg yolk liquid degraded a

lot without the addition of vitamin C. In the blank group,

the retention rate of 5-MTHF was only 74.96% ± 1.28%.

Additionally, increasing the vitamin C concentration

enhanced the 5-MTHF stability and the highest retention

rate of 5-MTHF was 87.76% ± 1.44% with the addition of

0.2% vitamin C (w/v). This observation is in line with

previous studies on the protection of vitamin C for the

stability of folates in both model and food systems during

thermal treatment. Oey et al. (2006) concluded that vitamin

C increased the stability of folate during processing and the

concentration of vitamin C must be at least two times as

high as the molar concentration of the initial oxygen con-

tent in model systems. Delchier et al. (2014a) also reported

the relationship between the concentration of oxygen and

the loss of 5-MTHF in model systems. Therefore, as a

water-soluble antioxidant, vitamin C can probably protect

5-MTHF in model systems from oxidation. As for the

protective effect of vitamin C in model systems, Rozoy

et al. (2012) confirmed that 5-MTHF could be highly

preserved by the addition of an equal molar concentration

of vitamin C. With regard to the protective effect of vita-

min C in food systems, Herbig et al. (2019) reported that by

adding vitamin C, the stability of 5-MTHF in apple and

carrot purées could be increased, and the addition of

500 mg/kg vitamin C could make 5-MTHF stable. The

addition of 500 mg/kg vitamin C is equivalent to 0.2%

vitamin C in our study. Consistent with this, our study also

indicated that 5-MTHF in folate-enriched egg yolk liquid

was almost stable by adding 0.2% vitamin C during ther-

mal pasteurization (65 �C, 3.5 min). Furthermore, Liu et al.

(2012) studied the importance of antioxidant protection of

5-MTHF from thermal oxidation by using two food sys-

tems with antioxidant capacities, namely skim milk and

soy milk, and found that food components with antioxidant

activity could enhance the stability of 5-MTHF. Therefore,

due to the oxidation resistance of vitamin C, the addition of

vitamin C has an effective role in the protection of

5-MTHF in folate-enriched egg yolk during thermal

pasteurization.

The effect of vitamin E on 5-MTHF stability in the thermal

pasteurization of folate-enriched egg yolk

As mentioned above, the addition of vitamin C could

protect 5-MTHF in folate-enriched egg yolk liquid from

degradation during thermal pasteurization and increasing

the concentration of vitamin C could also improve

5-MTHF stability. As is shown in Fig. 3, similar results

and trends were observed for the addition of vitamin E.

This could also be attributed to the role of vitamin E as a

potent antioxidant (Dror and Allen 2011). Gottstein and

Grosch (1990) reported that vitamin E could protect

cooking oil from oxidation due to its antioxidant ability.

Moreover, according to previous study, vitamin E also has

a protective effect for immune system (Zhu et al. 2006).

However, compared with vitamin C, vitamin E had a better

protective effect for 5-MTHF in folate-enriched egg yolk.

The highest retention rate of 5-MTHF stood at

94.16% ± 0.48% with the addition of 0.2% (w/v) vitamin

E. This discrepancy could probably be explained by two

reasons. Firstly, vitamin E and vitamin C have different

chemical properties. Vitamin E used in this study is a kind

of lipophilic antioxidant while vitamin C is a kind of water-

soluble antioxidant (Yuan et al. 2008). Additionally,

Naderi et al. (2017) identified that 5-MTHF was located in

the egg yolk granule. Egg yolk granule is composed of low

density lipoprotein (LDL), high-density lipoprotein (HDL)

and phosvitin, which are all hydrophobic. Thus, compared
Fig. 3 The effect of vitamin C and vitamin E on the stability of

5-MTHF of folate-enriched egg yolk liquid in thermal pasteurization
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with vitamin C, vitamin E may have a better access to

5-MTHF in egg yolk in order to protect it from oxidation.

Secondly, vitamin C and vitamin E are also different in the

stability in solutions with certain pH. A previous study has

reported that vitamin C is more stable in the solution under

lower pH condition. (Du et al. 2006). On the contrary,

vitamin E has an excellent thermal stability (Xu et al.

2014). As the pH of egg yolk is around 6.3, the stability of

vitamin E is better than that of vitamin C in egg yolk liquid

during thermal pasteurization.

Stability of 5-MTHF of folate-enriched egg yolk

in the spray-drying with normal air media

Spray drying is one of the most common and cheapest

ways to produce egg yolk powder from egg yolk liquid

which is generally used in food industry. As mentioned

before, oxidation is the main reason for the degradation of

5-MTHF in both the model system and thermal pasteur-

ization of egg yolk liquid. Therefore, high temperature and

consistent air circulation in the process of spray-drying

may also result in a remarkable loss of 5-MTHF in folate-

enriched egg yolk. Additionally, according to previous

studies, the spray-drying resulted in an evident loss of

unstable vitamins in milk powder production, including

vitamin E (loss rate 69.0%), vitamin A (loss rate 10.7%),

vitamin B2 (loss rate 10.2%) and vitamin K1 (loss rate

2.51%) (Chen et al. 2008). As for the spray-dried egg

powder, most studies concentrated on microbiological

quality, the physical and functional properties while few

studies focused on the stability of nutrients (Lechevalier

et al. 2017). Furthermore, Caboni et al. (2005) reported the

formation of cholesterol oxides occurred in the spray dry-

ing of egg yolks. Therefore, it’s necessary to investigate the

stability of 5-MTHF and strategies for 5-MTHF stabiliza-

tion in the spray-drying of folate-enriched egg yolk.

As for the effect of the addition of vitamin C or vitamin

E on the retention rate of 5-MTHF of folate-enriched eggs

in the spray-drying with normal air media, the results were

presented in Fig. 4. Consistent with the observation in the

model system and thermal pasteurization, the addition of

vitamin C or vitamin E could protect 5-MTHF from

degradation. In the blank group, the retention rate of

5-MTHF was only 61.70% ± 0.27%, which was lower

than that of thermal pasteurization. This could be attributed

to the difference on the concentration of oxygen between

the thermal pasteurization and the spray-drying. During the

thermal pasteurization, the container was closed, thus, the

concentration of oxygen is limited. In contrast, the oxygen

was incessant during the spray-drying. With the same

amount of vitamin C or vitamin E adding to the egg yolk

liquid during the spray-drying, vitamin E had a better

protection for the 5-MTHF. Therefore, the main reason

could be concluded as the same as that in the thermal

pasteurization, namely the chemical properties and the

stability of vitamin C or vitamin E. Furthermore, the same

observation was also attained in the processing of milk.

Chen et al. (2008) reported that the loss of vitamin C was

more than that of vitamin E during the thermal pasteur-

ization and the spray-drying. This result also shows that

vitamin E may be more stable than vitamin C.

The effect of spray-drying with inert gas media (N2)

on the stability of 5-MTHF of folate-enriched egg yolk

According to previous results in our study, the addition of

vitamin C or vitamin E could protect the 5-MTHF in folate-

enriched egg yolk from degradation in the spray-drying

process due to their anti-oxidation effect. However, the

highest addition of vitamin E still cannot completely pro-

tect 5-MTHF in folate-enriched egg yolk from degradation.

The oxidation has proven critical in the degradation of

5-MTHF of folate-enriched egg yolk in previous experi-

ments about the model system, thermal pasteurization and

spray-drying with normal air media. Additionally, a new

kind of spray-drying with nitrogen has already been used in

the drying of easily oxidizable materials, inflammable and

explosive chemical products, and flammable and explosive

solvents, including petrol and ethyl alcohol (Qiang 2017).

Therefore, the application of spray-drying with inert gas

media (N2) was investigated in current study in order to

completely protect the 5-MTHF of folate-enriched egg

yolk from oxidation during the process of spray-drying. As

is shown in Fig. 5, the 5-MTHF in folate-enriched egg yolk

liquid almost remained stable during the spray drying with

Fig. 4 The effect of vitamin C and vitamin E on the stability of

5-MTHF of folate-enriched egg yolk in the spray-drying with normal

air media
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nitrogen while 5-MTHF decreased during spray drying

with normal air media (loss rate 38.3% ± 0.27%). This

observation was in accordance with that of the model

system, thermal pasteurization and the common spray-

drying. That is to say, oxidation is the main reason during

the degradation of 5-MTHF in folate-enriched egg yolk and

the spray-drying with inert gas media (N2) has huge

potential in the drying for foods rich in 5-MTHF, especially

the folate-enriched egg.

Conclusion

In the model system, it was found that oxygen, temperature

and light affected the stability of 5-MTHF, among which

oxygen was the main factor. In the thermal pasteurization

of egg yolk liquid (65 �C, 3.5 min), the retention rate of

5-MTHF without any addition of antioxidant was only

74.96% ± 1.28%. The addition of vitamin C or vitamin E

both can protect 5-MTHF in egg yolk from degradation

with the highest retention rate reaching 94.16% ± 0.42%

(The addition of vitamin E, 0.2%, m/v). In the spray-drying

with normal air, the addition of vitamin C or vitamin E can

also protect 5-MTHF from degradation due to their

antioxidant properties. However, due to the incessant

oxygen flow in the spray-drying with normal air media, the

high concentration of antioxidants still cannot completely

protect the 5-MTHF in egg yolk. Considering that the main

factor for degradation is oxidation, a new kind of spray-

drying with inert gas media (N2) was proposed for the

spray-drying of egg yolk and the 5-MTHF was almost

stable using the nitrogen-filled drying. Thus, our study not

only identified the main factor, oxidation, during the pro-

cessing of egg yolk, but also provided several ways to

protect the 5-MTHF in egg yolk from degradation,

including the addition of vitamin C or vitamin E and the

use of spray-drying with inert gas media (N2).
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