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Introduction

Patients transferred to an intensive care unit (ICU) are 
frequently malnourished because of their life-threatening 
diseases (1). A series of catabolic reactions in critically ill 
patients, such as the secretion of hormones, catecholamines, 

and proinflammatory cytokines, leads to proteolysis and 
muscle loss (up to 1 kg/day), as well as lipolysis and weight 
loss, which in turn lead to an increased death rate (2-4). 
Furthermore, patients with extensive burns, patients whose 
gastrointestinal function cannot recover within 5–7 days 

Original Article

PFAT5 stability assessment of Lipovenoes MCT in total nutrient 
admixtures

Shanshan Gao, Jing Fan, Xiuling Jia, Bangbang Li, Xiangcheng Li, Zongli Li, Jing Li

Department of Pharmacy, Affiliated Hospital of Qingdao University, Qingdao, China

Contributions: (I) Conception and design: S Gao, J Li; (II) Administrative support: J Li; (III) Provision of study materials or patients: S Gao, X Li; (IV) 

Collection and assembly of data: S Gao, X Li; (V) Data analysis and interpretation: S Gao, X Li; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Jing Li. Chief Pharmacist, Postgraduate Tutor, Affiliated Hospital of Qingdao University, Qingdao 266003, China.  

Email: lijing7112@126.com.

Background: The purpose of this study was to evaluate the effects of monovalent and divalent cations 
on the stability of a fat emulsion (Lipovenoes MCT) in total nutrient admixtures (TNAs) by testing the 
percentage of fat residing in globules >5 μm (PFAT5) values.
Methods: TNAs with different combinations of glucose (5% and 10%), amino acids (3.35 and  
4.5 g/100 mL), Na+/K+ (100/39 mmol/L), Mg2+ (3.4 and 2.7 mmol/L), and fat emulsion (2.4%) were tested in 
triplicate at room temperature. The pH, mean droplet size (MDS), and PFAT5 were assessed at 0, 6, 12, 24, 
36, and 48 h.
Results: In all seven groups, the TNA globule distribution was uniform, the pH value fluctuated in the 
range of 5.93–6.06, and the MDS met the limit of the United States Pharmacopeia (USP) within 48 h. The 
PFAT5 value of the control group 0 without electrolytes was the lowest; group 1 added monovalent ions 
of 139 mmol/L was significantly higher (P<0.05) but without exceed the USP limit after 48 h. Groups 2 
and 3 added Mg2+ 3.4 and 2.7 mmol/L respectively, based on group 1. Group 4 increased the amino acid 
concentration from 3.35% to 4.5% based on group 2, and group 5 reduced the glucose concentration from 
10% to 5% based on group 4. Group 6 removed monovalent ions and retained only Mg2+ based on group 5. 
The PFAT5 values of group 2, 3, 4, and 5 exceeded the limit after 6 h and group 6 after 12 h. There was no 
statistical difference between group 2 and 4 (P>0.05) or between group 4 and 5 (P>0.05).
Conclusions: When the concentration of glucose is 10–25% and the amino acid is 2.5–4.5%, The addition 
of monovalent ions affects the stability of fat emulsion in TNAs, however when the concentrations of Na+ 

≤100 mmol/L and K+ ≤39 mmol/L, the PFAT5 value will not exceed the USP limit within 24 h. Mg2+ has a 
significant effect, the PFAT5 value will exceed the USP limit after 6 h when the concentration ≥2.7 mmol/L, 
which may cause potential safety hazards.

Keywords: Total nutrient admixtures (TNAs); PFAT5; stability of Lipovenoes MCT; monovalent ions; 

magnesium ion

Submitted Sep 26, 2021. Accepted for publication Dec 15, 2021.

doi: 10.21037/apm-21-3353

View this article at: https://dx.doi.org/10.21037/apm-21-3353

12250

https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-3353


12245Annals of Palliative Medicine, Vol 10, No 12 December 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12244-12250 | https://dx.doi.org/10.21037/apm-21-3353

after major surgery, or patients with short bowel syndrome 
are unable to eat. They may have serious malnutrition 
and increased postoperative complications, which will 
increase mortality (5). For these reasons, proper nutritional 
supplementation for patients, such as with a total nutrient 
admixture (TNA), is vital for reducing postoperative 
complications and promoting recovery as recommended by 
the European Society for Clinical Nutrition and Metabolism 
(ESPEN) guidelines (6). The American Society for Parenteral 
and Enteral Nutrition (ASPEN) also recommends that 
TNAs be used when the patient cannot eat (3). Therefore, 
TNAs are widely used in many medical fields.

TNAs are liquid mixtures containing glucose, amino 
acids, fat emulsion, electrolytes, trace elements, and 
multivitamins (MV). They are intravenously infused 
through a vein (7). Fat emulsions have been a crucial 
component of TNAs for many years, serving as excellent 
carriers for essential fats and energy (8). The stability of 
fat emulsion determines the quality of the TNA. After 
adding the fat emulsion to a TNA, various factors may 
affect its stability, resulting in the oil droplets merging 
and increasing the particle sizes, which not only hinders 
the effective utilization of fatty acids but may also cause 
severe adverse reactions and damage to the patient’s body. 
Parenteral nutrition (PN) preparations are listed as high-
alert medications by the Institute for Safe Medication 
Practices (ISMP), as their improper use can cause patient 
injury or death (9). Therefore, the stability of fat emulsion 
is the basis for the rational application of TNA. Given the 
broad application of TNAs, we believe it is very important 
to study the stability of fat emulsions under current liquid 
preparation practices. To date, due to the limitations caused 
by different manufacturers and different detection methods, 
studies on the stability of fat emulsion, have been carried 
out continuously The pH of a stable fat emulsion injection 
is between 6–9. Glucose injections (pH3.2–6.5) can affect 
emulsion stability (10). When the pH is lower than 5.0, a 
fat emulsion becomes unstable (11). An amino acid injection 
can buffer the pH of a TNA (12). The concentration has 
been shown to be a sensitive determinant of fat emulsion 
stability in neonatal TNAs (13). Addition electrolytes to 
TNAs, especially divalent cations, will reduce stability. A 
divalent cation can damage the lipid-droplet surface charge 
and alter the repulsive force, rendering a fat emulsion 
unstable (14).

The Chinese Society of Parenteral and Enteral 
Nutrition (CSPEN) pointed out that the percentage of 
fat residing in globules >5 μm (PFAT5) can be effectively 

used to determine the stability of fat emulsion compared 
with mean droplet size (MDS) and the zeta potential (15). 
PFAT5 is the most accurate and effective validated measure 
of lipid stability (16). The United States Pharmacopeia 
(USP) Chapter 729 has stipulated that the percentage 
of fat residing in globules >5 μm (PFAT5) value cannot 
exceed 0.05% (17). More stability studies using PFAT5 
as the crucial measure are needed to identify the actual 
limits of TNA (16). As the basic components of TNAs, 
electrolytes are necessary for patients every day, the effects 
of monovalent and divalent cations on the stability of a 
fat emulsion were measured by testing the PFAT5 values, 
MDS, and the pH values of TNAs containing these 
elements in different concentrations in this study. 

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3353).

Methods

Preparation of the TNAs

The following products were used for the preparation of the 
TNAs: 10% glucose injection (Huaren Pharmaceutical Co. 
Ltd., Qingdao, China), 50% glucose injection (Fresenius 
Kabi SSPC, Wuxi, China), 20% medium-and long-chain fat 
emulsion injection (C6–24), Lipovenoes MCT (Fresenius 
KabiSSPC, Wuxi, China), Compound amino acid injection 
(l8AA-II), Novamin® 11.4% (Fresenius Kabi SSPC, Wuxi, 
China), 10% potassium chloride injection (Shanghai 
Shyndec Pharmaceutical Co. Ltd., Tianjin, China), 10% 
concentrated sodium chloride injection (Sinopharm 
Rong sheng Pharmaceutical Co. Ltd., Jiaozuo, China), 
and 25% magnesium sulfate injection (Tianjin King York 
Pharmaceutical Co. Ltd., Tianjin, China).

The specification indicated that the concentration of 
monovalent cations should be less than 139 mmol/L, the 
concentration of Mg2+ should be less than 3.4 mmol/L, 
and the human body’s daily demand for Magnesium ion is 
8–12 mmol (15,18), The liquid volume of common TNA 
is calculated as 2.5–3 L, So the minimum concentration 
of daily demand for Mg2+ is 2.7 mmol/L. Seven groups 
of prescription TNA were designed according to the 
concentration requirements, as shown in Table 1. Group 
0 was the control group, to which no cations were added. 
In group 1, 10% concentrated sodium chloride injection 
and 10% potassium chloride injection were added, 
and the concentrations of Na+ and K+ were 100 and  
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39 mmol/L. In groups 2 and 3, 25% magnesium sulfate 
injection was added and the concentrations of Mg2+ were 
3.4 and 2.7 mmol/L, respectively, based on the design of 
group 1. Group 4 increased the amino acid concentration 
from 3.35% to 4.5% based on the design of group 2. 
Group 5 reduced the glucose concentration from 10% 
to 5% based on the design of group 4. Group 6 removed 
monovalent cations and retained only Mg2+ 3.4 mmol/L 
based on the design of group 5. All samples were configured 
by professionally trained pharmaceutical personnel in 
accordance with the aseptic operation procedures for a 
100-grade cleanliness biosafety cabinet. The final total 
volume of each sample was 85 mL. The TNAs were stored 
at room temperature for 0, 6, 12, 24 h, and refrigerated  
(2–8 degrees) for 36 and 48 h, respectively and were tested 
in triplicate. 

pH

The pH of the admixtures was determined using a controller 
(Mettler Toledo Instrument Co. Ltd., Switzerland).

MDS and PFAT5

The MDS and the PFAT5 level of the TNAs were assessed 
respectively following Method I and II of USP Chapter729. 
Approximately 5 mL of each TNA sample was collected 
under sterile conditions. Then, the sample was gently swirled 
and injected directly into an AccuSizer 780/APS (Entegris, 
Billerica, MA, USA) equipped with an automatic dilution 
device and single-particle optical sensing (SPOS) technology 
for light extinction (LE). The samples were tested at 0, 6, 
12, 24, 36 and 48 h. The particle count time of each sample 
was 180 s. If the average intensity-weighted MDS result 
was less than 500 nm, the emulsion sample passed the limits 

of Method I. Data regarding the PFAT5 were extracted by 
summing and volume-weighting the fat globule sizes from 
each channel. If the volume-weighted PFAT5 was less than 
0.05%, the sample passed the limit of Method II.

Statistical analysis

All data are presented as means and standard deviations 
(x±s). The PFAT5 of each TNA prescription group was 
statistically analyzed by SPSS 19.0 software. Analysis of 
variance (ANOVA) was conducted based on the TNA 
formula and/or time as the independent variables and 
the PFAT5 as the dependent variables. For significant 
differences detected by ANOVA, Student’s t-tests were 
performed for pairwise comparisons.

Results

Appearance analysis

The distribution of the TNA in each group was uniform 
within 48 h,  without discolorat ion,  f locculat ion, 
sedimentation, and stratification, and showed a white 
emulsion with good fluidity.

pH

The pH value of the TNA infusions in all seven groups 
fluctuated within a range of 5.93–6.06 over 48 h, as shown 
in Figure 1. Compared with group 4, the pH value of group 
5 increased 0.09±0.02.

MDS

As shown in Table 2, the MDS of the TNA infusions in all 

Table 1 Ingredients of total nutrient admixtures formulations studied

Prescription ingredient
Formula/Group No.

0 1 2 3 4 5 6

Glucose (%) 10 10 10 10 10 5 5

Amino acids (g/100 mL) 3.35 3.35 3.35 3.35 4.5 4.5 4.5

Fat emulsion (%) 2.4 2.4 2.4 2.4 2.4 2.4 2.4

Na+ (mmol/L) 0 100 100 100 100 100 0

K+ (mmol/L) 0 39 39 39 39 39 0

Mg2+ (mmol/L) 0 0 3.4 2.7 3.4 3.4 3.4
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seven groups met the globule size limits for Method I of 
USP Chapter 729. 

PFAT5

The PFAT5 results for the TNAs of all seven groups are 
shown in Table 2, with partial results shown in Figure 2. 
The differences in the PFAT5 levels measured (n=21) in 
the TNAs were significant (P<0.05) with a 2-way ANOVA 
based on formula and time as the independent variables. 
The PFAT5 value of the control group 0 (n=3) with no 
added cations was significantly lower than other groups. 
The PFAT5 value of group 1 (n=3), which contained 
monovalent cations, was significantly higher than that of 
group 0, with a statistical difference of P<0.05 but did not 
exceed the USP limit (PFAT5 <0.05%). The PFAT5 value 
of group 2 (n=3) and group 3 (n=3) exceeded the USP limit 

(PFAT5 >0.05%) after 6 h. The divalent cations in the 
group 2 TNA were reduced in the group 3 TNA (n=3) to 
meet the daily requirements of the human body, and the 
PFAT5 value of group 3 exceeded the USP limit (PFAT5 
>0.05%) after 6 h. The group 4 TNA (n=3) was obtained 
by increasing the amino acid content based on the design 
of the group 2 TNA, and there was no statistical difference 
between these two groups (P=0.499). The group 5 TNA 
(n=3) was obtained by reducing the glucose concentration 
based on the design of the group 4 TNA, and there was no 
statistical difference between these two groups (P=0.800). 
The monovalent cations in the group 5 TNA were removed 
to obtain the group 6 TNA (n=3). However, the PFAT5, 
in this case, was found to exceed the USP limit (PFAT5 
>0.05%) after 12 h.

Discussion

Three main additives affected the stability of the fat 
emulsions, the first of which was the pH value. With 
lower pH values, the surface charge between the droplets 
was reduced, and the negative potential was also reduced, 
weakening the repulsion force between the droplets and 
causing the fat emulsion particles to agglomerate, thus 
reducing the fat emulsion stability. Glucose has a low pH 
(3.2–5.5) (10), and the addition of glucose had the effect of 
lowering the pH value. The pH value increased 0.09±0.02 
when the glucose concentration of the sample decreased 
from 10% (group 4) to 5% (group 5). With a fixed glucose 
concentration, changing the concentration of amino acids 
and electrolytes within a certain range had little effect 
on the pH value of the TNAs. Furthermore, over the 
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Figure 1 The pH-t curve of the seven TNA groups. TNA, total 
nutrient admixture.

Table 2 Change of fat globule size in different TNAs

TNA 
No.

Mean droplet size (MDS) (nm) The percentage of fat residing in globules >5 μm (PFAT5) (×10−2%)

0 h 6 h 12 h 24 h 36 h 48 h 0 h 6 h 12 h 24 h 36 h 48 h

0 281±5 286±2 294±8 295±6 301±12 287±7 2.02±0.04 2.13±0.06 1.99±0.04 2.23±0.16 2.33±0.16 2.13±0.12

1 289±6 309±8 307±5 301±14 299±9 301±3 3.25±0.06 3.85±0.14 3.31±0.12 3.32±0.12 3.68±0.24 3.37±0.28

2 288±2 313±6 339±7 375±12 372±7 383±18 3.24±0.03 7.31±0.76 13.16±1.77 21.21±175 29.77±1.16 36.57±2.81

3 277±34 301±4 318±7 349±11 351±4 354±10 3.15±0.13 6.82±0.35 10.66±0.13 19.17±1.13 23.01±1.21 32.12±1.13

4 286±10 309±6 331±11 362±11 368±14 382±2 3.16±0.07 7.33±0.12 12.57±0.30 21.20±1.15 30.12±1.58 36.47±2.63

5 288±8 310±8 342±9 370±14 375±10 383±4 3.24±0.11 7.35±0.16 12.54±0.28 23.32±1.67 31.04±1.06 36.38±2.48

6 288±14 307±8 329±4 355±10 357±11 361±4 3.26±0.07 4.57±0.32 5.94±0.23 8.42±091 9.62±1.42 13.69±1.03

TNA, total nutrient admixture; MDS, mean droplet size; PFAT5, percentage of fat globules >5 μm; TNAs, total nutrient admixtures.
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course of 48 h, there was no statistical difference in the pH 
value for the TNAs (P>0.05). It can be seen that glucose, 
amino acids, and electrolytes have no significant effect on 
the stability of fat emulsion by changing the pH value of 
parenteral nutrition solution.

Secondly, amino acids can also affect the stability of fat 
emulsions as they can enhance the electrostatic barrier 
and buffer force, protect the electrolyte complex, and 
reduce the interaction of lipid particles. With an amino 
acid concentration of between 2.5% and 8.5%, the stability 
of the fat emulsion in a TNA can be maintained (19). 
This is because the addition of amino acids worsens the 
conductivity but increases the viscosity and buffer capacity 
of the continuous phase (14). There was no significant 
difference in emulsion stability with different types of 
amino acid injection (20). 

Thirdly, fat emulsions are a type of sol liquid. Too 
many electrolytes will cause instability in the sol system fat 
emulsion. The addition of a cation can change the repulsion 
force. Divalent cations, in particular, have a strong tendency 
to neutralize the negative charge on the surface of the fat 
emulsion drops, which affects stability as it makes it easier 
for the drops to aggregate. If the cation concentration is too 
high, a fat emulsion can easily become unstable, forming 
large oil droplets and demulsifying. The stability of the fat 
emulsion in a TNA largely depends on the concentration 
of cations in the mixture. The demulsification effect of 
divalentions in a TNA is not more serious than in a fat 

emulsion, but it is complex and can be unpredictable. 
Electrolytes are necessary for patients and are a primary 
component of PN. Therefore, it is crucial to study their 
effect on the stability of a fat emulsion. To date, there has 
been no international agreement about cation concentration 
limits in TNAs. For example, according to the current 
standard (21,22), monovalent cation concentrations should 
be less than 150 mmol/L, and divalent cation concentrations 
should be less than 10 mmol/L, while according to the 
American Society of Health’s Handbook on injectable  
d rugs  (23 ) ,  the  s t ab i l i t y  o f  a  TNA can  on ly  be 
guaranteed when the concentration of Mg2+ is less than  
3.4 mmol/L, and the concentration of Ca2+ is less than  
1.7 mmol/L. The standard (24,25) for PN in China 
stipulates that a concentration of divalent cations in the 
range of 5–8 mmol/L does not affect the stability of a TNA. 
Because there is no uniform cation limit requirement, the 
pharmaceutical standards in TNA testing differ, which is 
very detrimental to patient safety in the clinical application 
of TNAs.

In this study, the effect of cations on the stability of fat 
emulsion was investigated based on the PFAT5 value. No 
cation was added to group 0 as the control group. The 
group 1 TNA added Na+ 100 mmol/L and K+ 39 mmol/L 
based on the design of group 0 according to the maximum 
cation provided by the specification (18) to study the effect 
of high concentration monovalent cations on the stability 
of fat emulsion. Results showed that the PFAT5 value of 

Figure 2 Partial PFAT5 results for TNAs in group 0 (0 h), group 1 (6 h), group 2 (6 h) and group 2 (12 h). PFAT5, percentage of fat 
globules >5 μm; TNAs, total nutrient admixtures.
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group 1increased significantly compared with group 0, with 
a statistical difference of (P<0.05). PFAT5 values did not 
change significantly over the course of the 48 h (P>0.05). 
Despite the significant increase, the PFAT5 value of group 
1 did not exceed the USP limit. These results show that a 
high concentration of monovalent cations has a significant 
impact on the stability of fat emulsion but will not lead 
to its PFAT5 exceeding the standard. Therefore, when 
the concentration of Na+ and K+ does not exceed 100 and  
39 mmol/L, respectively, monovalent cations can be added 
according to the needs of patients. Based on the design 
of the group 1 TNA, the prescription of group 2 was 
obtained by adding a high concentration of Mg2+, and the 
concentration was 3.4 mmol. Results showed that the group 
2 TNA exceeded the USP limit after 6 hours. The daily 
magnesium requirement of the human body is 8–12 mmol. 
If the amount of parenteral nutrition liquid prescribed 
is 3,000 mL, the concentration of Mg2+ in a TNA must 
not be less than 2.7 mmol/L to meet that requirement. 
Accordingly, the TNA for group 3 was obtained by 
reducing the concentration of Mg2+ to 2.7 mmol/L. Results 
showed that the group 3 TNA exceeded the USP limit after 
6 hours. The stability of the fat emulsion did not meet the 
clinical requirements. As a higher amino acid concentration 
increases the buffering capacity and is beneficial to the 
stability of fat emulsion, the prescription of group 4 was 
obtained by adding amino acid concentration to 4.5% based 
on the design of the group 2 TNA. The PFAT5 results 
showed no statistical difference in the PFAT5 values of 
groups 2 and 4 (P=0.499). The prescription of group 5 was 
obtained by reducing the glucose levels of the group 4 TNA 
to raise the pH level to over 6.0. There was no statistical 
difference between the two groups (P=0.800). These results 
suggest that increasing the amino acid concentration and 
reducing the glucose concentration under these conditions 
does not change the effect of Mg2+ on the stability of a fat 
emulsion. The prescription of group 6 was obtained by 
withholding the monovalent cations used in the group 5 
TNA. Results showed that the group 6 TNA exceeded the 
USP limit after 12 h. When the concentration of Mg2+ was 
3.4 mmol/L, the stability of the fat emulsion could not meet 
the requirements for a clinical TNA infusion over 24 h, 
even if monovalent cations were not added.

Lipovenoes MCT (Fresenius Kabi SSPC, Wuxi, China) 
holds a 62% market share of the fat emulsion market in 
China. For this reason, we selected Lipovenoes MCT for 
this study and examined the stability of Lipovenoes MCT 
with the addition of cations to provide a guide for the clinical 

application of fat emulsions in China. The results show that 
the addition of cations significantly affects the stability of 
the fat emulsion, which in turn significantly increases its 
PFAT5 value. The addition of Mg2+ will cause the PFAT5 
value of the fat emulsion to exceed the USP limit. Reducing 
the concentration of Mg2+ to meet the body’s minimum 
requirement cannot guarantee that the stability of the fat 
emulsion will meet the clinical requirements for a TNA. 
Therefore, the addition of magnesium ions to TNAs may 
cause potential safety hazards. Pharmaceutical staff should 
pay special attention to the concentration of electrolytes 
when reviewing medical orders.

Finally, the composition of TNAs is complex. The 
experimental designed formula abandons the interaction 
and influence of vitamins and trace elements to make the 
experiment more concise and clearer, but there may be 
some limitations. At the same time, the influence of Ca2+ 
was not detected in this test, and further experimental 
research will be carried out in the follow-up.
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