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Abstract

Background: Freshly made beverages (FMBs) have become an increasingly important source of sugar and fat intake in China. However,
the on-site preparation and product customization of these beverages make conventional tolerance frameworks for nutrition labeling
difficult to implement. Thus, this study aimed to assess the accuracy of Nutri-Choice, a voluntary graded nutrition labeling system
piloted in Shanghai, by comparing brand-registered nutrient values with laboratory-measured values under routine retail conditions.
Methods: Three major chain brands involved in the initial Nutri-Choice pilot were included. The system categorizes beverages into
four color-coded grades (A to D) according to predefined thresholds for non-milk extrinsic sugars (NMESs, defined as total sugars
minus lactose), saturated fatty acids (SFAs), trans fatty acids (TFAs), and non-sugar sweeteners. In total, 122 beverages were selected
through stratified random sampling and analyzed for NMESs, SFAs, and TFAs. Laboratory-measured values were compared with brand-
registered values using relative error analysis, weighted agreement between actual grading and brand-registered grading, Cohen’s kappa
statistics, and Bland–Altman analysis. Results: Among the 122 samples, pure tea accounted for 9.02%, fruit tea and fruit juice for
28.69%, and milk coffee and milk tea for 62.29%. The median contents of NMESs, SFAs, and TFAs were 3.63 [1.31, 5.72], 0.90
[0.00, 2.10], and 0.00 [0.00, 0.00] g/100 mL, respectively. Grade B beverages were the most frequent (46.72%), followed by Grade C
(25.41%), Grade D (22.95%), and Grade A (4.92%). The NMES concentrations increased from Grades A to C, whereas those in Grade
D were mainly determined by SFA levels. Weighted relative error analysis showed that 85.63% of the NMES measurements, 79.38%
of the SFA measurements, and 98.75% of the TFA measurements satisfied the ≤120% claimed-value criterion. Bland–Altman analysis
revealed a significant negative bias for NMESs, suggesting that laboratory-measured values were, on average, 0.82 g/100 mL lower
than brand-registered values. No systematic bias was detected for SFAs or TFAs. The initial weighted grade agreement was 81.88%
(Kappa = 0.688), which increased to 88.68% (Kappa = 0.812) after applying a 120% adjustment coefficient. Conclusions: Nutri-Choice
provides a practical framework for graded nutrition labeling of FMBs, although the credibility of this framework depends on routine
market sampling, laboratory verification, and evidence-based tolerance approaches. The observed variation in grading agreement among
brands indicates the need for further assessment of differentiated tolerance.
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1. Background

With the rapid expansion of chain freshly made bev-
erage (FMB) enterprises and the growing online-to-offline
(O2O) food delivery industry, China’s FMB market has
shown substantial growth, with its scale expected to reach
USD 28.0 billion by 2025 [1]. The consumption of FMBs,
including freshly made coffee, Asian-style beverages, and
fruit & milk teas, has continued to increase and has gradu-
ally become an important source of free sugar intake among
Chinese residents [2,3]. This trend creates considerable
public health challenges. A robust body of evidence has
linked habitual intake of sugar-sweetened beverages with
weight gain and a higher risk of type 2 diabetes, cardiovas-

cular diseases, and certain cancers [4]. An umbrella review
published in 2023 further confirmed that sugar-sweetened
beverage consumption is significantly associated with in-
creased risks of gout, metabolic syndrome, obesity, type 2
diabetes, hypertension, coronary heart disease, stroke, can-
cer, and all-cause mortality [5], underscoring the impor-
tance of reducing their intake for public health. Evidence
from dietary guidelines shows that sugar-sweetened bever-
ages (SSBs) account for 42.1% of free sugar intake among
urban residents, and that 18.9% of primary and secondary
school students frequently consume SSBs [6,7]. FMBs in-
volve unique risks for two main reasons. First, many prod-
ucts contain high amounts of sugar and fat. For example,
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93.3% of products claiming “no added sugar” were reported
to contain more than 0.5 g/100 g of sugar, while the median
fat and trans fatty acids (TFAs) contents in beverage sam-
ples collected in Shanghai in 2021 were 2.48 [1.80, 3.15]
g/100 g and 0.721 [0, 2.22] g/100 g, respectively [8]. Sec-
ond, regulatory gaps still exist. China’s current food safety
standard, GB 28050-2025, does not require sugar or fat la-
beling for FMBs [9], leaving consumers with limited infor-
mation on the actual sugar and fat contents of these bever-
ages.

To address this problem, Shanghai has introduced the
voluntary Nutri-Choice labeling system for FMBs. This
system adapts Singapore’s Nutri-Grade framework and
classifies beverages into four grades, from A to D, ac-
cording to non-milk extrinsic sugars (NMESs), saturated
fatty acids (SFAs), TFAs, and non-sugar sweeteners (NSSs)
[10,11]. The first batch of pilot FMB enterprises included
three well-known FMB chain brands in China. Neverthe-
less, quality-control difficulties remain. Variations in ingre-
dient batches (e.g., syrups and fresh fruits), together with
manual preparation errors, may cause marked fluctuations
in nutrient content [8]. For products containing fruit or
cream toppings, deviations between actual and labeled nu-
trient values may exceed 20%. Even among chain brands,
direct-sale and franchised stores may vary in their adher-
ence to standard operating procedures (SOPs) during bev-
erage preparation [12].

The Chinese National Food Safety Standard General
Rules for Nutrition Labeling of Prepackaged Foods (GB
28050-2025), requires declared values for encouraged nu-
trients (e.g., protein, fiber), to be at least 80% of labelled
values, whereas restricted components (e.g., fat, SFA, TFA,
NMES, sodium), should not exceed 120% of labelled val-
ues, with vitamins A/D permitted 80–180% ranges because
of greater variability [9]. However, FMBs are not covered
by mandatory nutrition labeling under GB 28050-2025 be-
cause foods prepared and sold on site are exempt from these
requirements [9]. Most previous beverage studies have fo-
cused on nutrient profiling, sugar surveillance, or the design
of front-of-package labeling (FOPL) systems, while few
have examined whether nutrient grades submitted bymanu-
facturers remain accurate when beverages are prepared and
purchased under routine retail conditions. This distinction
is important because FMBs are made at the point of sale
and may be influenced by ingredient batching, manual por-
tioning, toppings, ice content, and store-level compliance
with SOPs. Thus, evidence is still limited regarding how
the accuracy of nutrition labeling should be monitored for
beverages prepared on site.

This study examined the accuracy of Nutri-Choice
labeling among the first three pilot FMB brands through
randomized sampling and laboratory testing of NMESs,
SFAs, and TFAs. The objectives were to: (1) evaluate
the agreement between brand-registered and laboratory-
measured Nutri-Choice grades; (2) identify differences be-

tween brand-registered nutrient values and market-sampled
laboratory measurements; and (3) explore brand-stratified
adjustment coefficients associated with improved grading
agreement to support refinement of the grading system.

2. Methods
2.1 Data Source

Before the pilot project began inMarch 2024, the three
participating companies submitted their original registra-
tion materials to the project initiator, the Shanghai Munic-
ipal Center for Disease Control and Prevention (SCDC).
These materials included nutritional data and testing reports
for all beverage products or ingredients. All compliance
testing reports were issued by qualified third-party testing
institutions with China National Accreditation Service for
ConformityAssessment (CNAS) authorized detection qual-
ifications.

Three national chain FMB manufacturers involved
in the first Nutri-Choice pilot program were included and
anonymized as Brands X, Y, and Z. Before the program
was implemented, each manufacturer provided complete
nutritional datasets to SCDC, including: (1) product formu-
lation specifications for all beverage categories; (2) com-
pliance testing reports confirming nutrient composition, is-
sued by a CNAS-accredited third-party laboratory; and (3)
SOPs for ingredient preparation and quality control. Nutri-
ent levels obtained from brand registration were expressed
as Nutrienti registered by the brand.

The three brands varied in their preparation proce-
dures and operational characteristics, as described below.
(1) Brand X represented standardized production, with au-
tomated tea-making machines using preset programs and
maintaining a ≤5% coefficient of variation in nutrient out-
put. (2) Brand Y represented predominantly handmade pro-
duction, with more than 80% of preparation steps com-
pleted manually and therefore requiring barista skill cali-
bration. (3) Brand Z represented hybrid production, com-
bining partial automation with manual assembly of fruit or
cream toppings, with approximately 15–20% of steps per-
formed manually.

2.2 Sample Size
To maintain both efficiency and representativeness,

stratified random sampling was used as the sampling strat-
egy in this study. For the estimation of population propor-
tions, the sample size was determined using Eqn. 1:

n =
z2 × p(1− p)

E2
(1)

In this study, the confidence level was defined as 95%
(z = 1.96), the expected compliance rate was set at 50% (p
= 50%), and the margin of error was set at 9% (E = 0.09).
According to Eqn. 1, the required sample size was 119. The
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Table 1. Sampling allocation by brand and production modality.
Brand Total stores in

Shanghai
Selected stores Registered

SKUs
Sampling
weight (%)

Target
sampled SKUs

Rationale

Brand X 84 4 473 5 24 Machine standardization was expected to
minimize nutrient variability.

Brand Y 27 13 617 12 74 High operator dependency required
greater verification intensity.

Brand Z 122 4 233 10 24 Moderate manual intervention required
intermediate monitoring intensity.

Total 233 21 1323 — 122 —
Note: (1) SKU, stock-keeping unit; (2) Sampling weight refers to the proportion of registered SKUs selected within each brand; (3) Target
sampled SKUs represent the number of beverage samples collected and analyzed; (4) Store totals include both direct-sale and franchised
outlets.

final sample size was then adjusted on the basis of practical
factors, including workforce availability, cost limitations,
and the distribution of stock-keeping units (SKUs) across
brands.

Based on the sampling design of Liu et al. [13], in
which 708 stratified beverage samples were collected for
free sugar monitoring in China, and considering the 8236
beverage products reported by Li et al. [14], the sam-
pling proportion was estimated to be approximately 9%.
To balance representativeness and operational feasibility,
sampling weights of 5%, 12%, and 10% were assigned
to Brands X, Y, and Z, respectively, according to their
production modalities and the rationale presented in Table
1. Therefore, the final target sample sizes were 24 sam-
ples from Brand X, corresponding to 5% of 473 registered
SKUs; 74 samples from Brand Y, corresponding to 12% of
617 registered SKUs; and 24 samples from Brand Z, corre-
sponding to 10% of 233 registered SKUs. The final sample
size was thus 122 beverages.

2.3 Randomization Process

Beverage sample randomization and sampling-store
selection were conducted using R v4.0.5 (Version 4.0.5;
R Foundation for Statistical Computing, Vienna, Austria;
https://www.R-project.org/). Unique identification num-
bers were assigned to each product from a total pool of 1323
registered beverage SKUs with complete nutritional infor-
mation. The order of SKU selection for sampling was de-
termined by a random number sequence generated in R.

All 233 retail outlets from the three participating
brands (X, Y, Z) in Shanghai were incorporated into the
sampling framework. To balance practical constraints, in-
cluding manpower and cost, with statistical representative-
ness, stores were selected as follows: 4 stores from Brand
X (4.76% selection probability per store); 13 stores from
Brand Y (48.15% selection probability per store); and 4
stores fromBrand Z (3.28% selection probability per store).

Samples were purchased from each selected store ac-
cording to their randomized order. The sampling sequence
used strict numerical allocation: Store 1 collected sam-

ples #1–6, Store 2 collected #7–12, etc. For unavailable
products, contingency procedures were followed, and re-
placements were selected using subsequent random num-
bers from the predetermined sequence. The detailed work-
flow is shown in Fig. 1.

2.4 Sample Collection Protocol
During each sampling session, beverage samples were

collected by at least two qualified professionals. A single-
blind approach was used for store personnel, ensuring that
beverage producers were unaware of the study objectives
and that each purchase was treated as an ordinary con-
sumer transaction. After collection, samples were retained
in sealed packaging to reduce the possibility of external
contamination andwere delivered to the laboratory for anal-
ysis within two hours. During transport, samples were kept
at temperatures close to their original storage conditions to
maintain sample integrity.

2.5 Sample Classification Criteria
In accordance with the Chinese beverage classifica-

tion standard GB/T 10789-2015 [15], criteria for sweetness,
temperature, cup type, and beverage type were standard-
ized, as presented in Table 2 (Ref. [16,17,18]).

2.6 Laboratory Testing
The 122 collected beverages were sent to a testing in-

stitution with China Metrology Accreditation (CMA) and
CNAS qualifications. The testing items and analytical
methods were as follows. First, NMESs, SFAs, and TFAs
levels in the samples were measured. For NMESs, total
sugar content, including lactose, fructose, glucose, sucrose,
and maltose, was determined using the high-performance
liquid chromatography (HPLC) method specified in GB
5009.8-2023 [19]. NMESs were calculated by subtract-
ing lactose from total sugar. SFAs were measured using
the normalization method specified in GB 5009.168-2016
[20], whereas TFAs were determined using the gas chro-
matographic method described in GB 5009.257-2016 [21].
All analyses were performed according to national stan-
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Fig. 1. Randomization and allocation workflow for beverage sampling. Note: (1) Registered SKUs and eligible stores were random-
ized within each brand. Selected SKUs were then sequentially allocated to selected stores until the target sample sizes were reached for
Brand X (n = 24), Brand Y (n = 74), and Brand Z (n = 24); (2) SKU, stock-keeping unit.

dard protocols. Density was used to convert laboratory-
measured values and standardize the units from g/100 g to
g/100 mL. Nutrient values obtained by laboratory analysis
were defined as Nutrienti from actual testing. NSS status
was not measured in the laboratory but was determined ac-
cording to whether NSSs were declared in the beverage for-
mula provided by the manufacturer.

The testing protocol required samples containing com-
ponents such as cheese, milk foam, crushed nuts, cream,
or other added ingredients to be thoroughly mixed before
analysis. If inedible fruits, such as flattened lemons or
kumquats, were present in the sample, these components
were removed before testing. Ice-containing samples were
fully blended to ensure accurate measurement.

2.7 Classification Criteria for Nutri-Choice

Nutri-Choice applies a graded classification system
with corresponding standards and implementation rules.
Classification is based on a threshold-based nutrient assess-
ment model, in which thresholds are specified for NMESs,
SFAs, TFAs, and NSSs, as shown in Fig. 2 and Table 3.
Further information on the scope, grading criteria, label pre-

sentation, and implementation of Nutri-Choice is available
in the official Specification for Nutri-Choice Labeling of
Fresh Made Beverages [22]. Nutrient-profile labeling sys-
tems generally prioritize nutrients associated with the most
pressing public health concerns, which currently include
sugars, fats, and sodium. Because sodium is not a primary
nutritional concern for freshly made beverages, the Nutri-
Choice criteria focus on NMESs, SFAs, TFAs, and NSSs.
At present, Nutri-Choice is applied exclusively to freshly
made beverages and has not been extended to other food
categories.

Nutri-Choice labels are grouped into four grades, from
A to D, reflecting progressively lower recommendation lev-
els. Grade A indicates themost recommended option, while
Grade D indicates the least recommended option. The four
grades are represented by dark green, light green, yellow,
and red, respectively. Grade A beverages are displayed in
dark green and correspond to the lowest NMESs, SFAs, and
TFAs levels and the absence of NSSs; Grade D beverages
are displayed in red and correspond to the highest NMESs,
SFAs, and TFAs levels. In this study, NMESs were calcu-
lated as total sugars minus lactose. This operational mea-
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Table 2. Criteria and definitions used for sample classification.
Drink option Standardized

classification
Another name/definition and source

Sweetness

Full sugar Standard sugar, Standard sweet, normal sugar, normal sweet
Less sugar Less sugar, less sweet, 3/4 sugar
Half sugar Half sugar, 1/2 sugar
Quarter sugar Slightly sweet, slightly sugar, 1/4 sugar
No sugar Sugar-free, 0 sugar

Temperature
Cold Cold, ice-free, ice, standard ice, less ice, more ice, ice sand
Hot Room temperature, warm, hot, scalding, piping hot

Cup size
Regular 350–500 mL
Large 600–650 mL
Jumbo 900 mL

Drink types

Pure tea Tea, as defined by the national standard GB/T 21733-2008 [16], is
a liquid beverage that is made from the water extract of tea or its
concentrated liquid, tea powder, etc., which maintains the original
flavor of tea juice.

Fruit Tea Juice tea drinks and fruity tea drinks, as defined by the national stan-
dard GB/T 21733-2008 [16], is a liquid beverage made from tea in-
gredients, adding juice, edible fruit essence, etc.

Fruit juice Fruit and vegetable juice (pulp) drinks, as defined by the national
standard GB/T31121-2014 [17], is a liquid beverage made from
fresh or concentrated fruit and vegetable juice (or pulp).

Milk coffee Coffee drinks, as defined by the national standard GB/T30767-2014
[18], is a liquid beverage made from coffee beans/ coffee products
(ground coffee powder, coffee extract or its concentrate, instant cof-
fee, etc.).

Milk tea Milk tea drinks andmilk-flavor tea drinks, as defined by the national
standard GB/T 21733-2008 [16], is a liquid beverage made from tea
ingredients, with milk or dairy products.

Table 3. Nutrient thresholds for Nutri-Choice Grades A to D.
Grade Specific requirements (g/100 mL)

A NMESs ≤0.5, SFAs ≤0.75, TFAs ≤0.3 and no NSSs
B 0.5 < NMESs ≤ 5, 0.75 < SFAs < 2.5, TFAs ≤0.3
C 5 ≤ NMESs ≤ 11.5, 0.75 ≤ SFAs ≤ 2.5, TFAs >0.3
D NMESs >11.5, SFAs >2.5, TFAs >0.3
Note: NMESs, Non-milk Extrinsic Sugars, namely total sugar
(g/100 mL) – lactose (g/100 mL); SFAs, Saturated Fatty Acids;
TFAs, Trans Fatty Acids; NSSs, Non-Sugar Sweeteners.

sure was adapted from the Singapore Nutri-Grade frame-
work [23] and is consistent with the concept of NMESs
used in previous literature [24]. By excluding naturally oc-
curring milk sugars, NMESs reduce the influence of dairy-
derived sugars on beverage grading and facilitate compar-
isons across beverages with different milk contents. The
final overall beverage grade is determined by the lowest
grade assigned to any individual nutrient component. An
example of Nutri-Choice logo use is presented in Fig. 3.

2.8 The Judgment of the Consistent Classification

(1) Relative Error (RE) was determined as the differ-
ence between the laboratory-measured nutrient value and
the brand-registered value, divided by the brand-registered
value. The RE formula is:

RE =

Nutrienti from actual testing − Nutrienti registered by the brand
Nutrienti registered by the brand

×100%

For samples with a registered value of zero, the de-
nominator in the RE formula was replaced with a very small
positive constant (1 × 10–6) to avoid division by zero. If
the measured value was also zero, the RE was recorded
as 0%. For restricted nutrients, including NMESs, SFAs,
and TFAs, RE ≤20% means that the laboratory-measured
value falls within the allowable tolerance range and does
not exceed 120% of the brand-registered value. A negative
RE shows that the laboratory-measured value is lower than
the brand-registered value. Conversely, RE >20% indicates
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Fig. 2. Overview of the Nutri-Choice grading system and nutrient thresholds.

that the laboratory-measured value is beyond the permitted
tolerance range and exceeds 120% of the brand-registered
value.

(2) Actual grading (AG) refers to the Nutri-Choice
grade calculated from laboratory-measured nutrient values.
Brand-registered grading (BG) refers to the Nutri-Choice
classification derived from brand-registered nutrient values
submitted by the participating brands.

Compliance rate was calculated as the propor-
tion of samples where actual grading (AG, derived
from laboratory-measured nutrient values) matched brand-
registered grading (BG, derived from brand-registered nu-
trition values). Regulatory standards previously permitted
unidirectional tolerance for restricted nutrients: the mea-
sured value may be equal to or lower than the labeled value,
but must not exceed 120% of the labeled value [9,25,26].
In the context of Nutri-Choice grading, this means that
the AG can be equal to or better than the BG, but cannot
be worse. For example, a BG-classified “C Grade” prod-
uct could achieve AG “B Grade” (improved) but not “D
Grade” (worse). This metric evaluates alignment between
laboratory-verified classifications and brand-declared cat-
egorizations, considering consistency when AG meets or
exceeds BG.

The formula for Compliance rate is:

Compliance rate (%) =
NAG-BG matches

Ntotal
× 100%

2.9 Statistical Analysis
Experimental data were systematically recorded in

Excel. Laboratory-measured values were compared with
brand-registered values to determine Nutri-Choice grades
and compliance rates. Normality was assessed using the
Shapiro-Wilk test. Because the dataset did not follow a nor-
mal distribution, continuous variables were reported as me-
dians with interquartile ranges. Group differences were an-
alyzed using the Kruskal-Wallis test, followed by post hoc
pairwise comparisons with Bonferroni correction.

Agreement between AG and BG was evaluated using
Cohen’s kappa statistic. To consider the unequal sampling
fractions across brands, brand-level sampling weights were
incorporated into the weighted kappa analysis to adjust for
the unbalanced sample sizes among the three brands. The
kappa coefficient ranges from –1 to 1, with higher absolute
values indicating stronger agreement, whereas negative val-
ues indicating agreement below that expected by chance.
Interpretation was based on conventional thresholds: [–1,
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Fig. 3. Example of Nutri-Choice grade presentation in an online ordering interface.

0) = poor agreement, 0 = random agreement, (0, 0.2] =
slight agreement, (0.2, 0.4] = fair agreement, (0.4, 0.6] =
moderate agreement, (0.6, 0.8] = high agreement, and (0.8,
1] = almost perfect agreement [27].

Bland-Altman analysis was applied to evaluate agree-
ment between laboratory-measured nutrient values and
brand-registered specifications for NMESs, SFAs, and
TFAs. The differences between paired measurements were
plotted against the mean nutrient concentration calculated
from the two measurements. Analytical thresholds were
marked using horizontal reference lines: the central line in-
dicated the mean systematic bias, while the upper and lower
boundaries represented the 95% limits of agreement (LoA),
calculated as the mean discrepancy ±1.96 standard devia-
tions of the observed differences.

3. Results
3.1 Basic Characteristics and Nutritional Distribution of
Laboratory-Measured Samples

The median contents of NMESs, SFAs and TFAs were
3.63 [1.31, 5.72] g/100mL, 0.90 [0.00, 2.10] g/100mL, and
0.00 [0.00, 0.00] g/100 mL, respectively (Table 4). Grade B

beverages were the most common category, comprising 57
samples (46.72%), followed by Grade C with 31 samples
(25.41%), Grade D with 28 samples (22.95%), and Grade
A with 6 samples (4.92%).

In subgroup comparisons, Brand X showed signif-
icantly lower NMESs levels than Brands Y and Z (p <
0.05), while no significant differencewas observed between
Brands X and Z for NMESs. Brand Z showed notably lower
SFAs levels than the other two brands. The Nutri-Choice
system effectively separated NMESs content across Grades
A, B, and C. However, Grade C beverages had higher
NMESs levels than Grade D beverages, whereas Grade D
beverages showed the highest SFAs levels. This pattern
indicates that Grade D classification in these samples was
mainly driven by SFAs levels rather than by NMESs levels
alone. No significant differences in NMESs or SFAs were
detected among temperature or cup-size groups.

According to declared sweetness, NMESs levels were
highest in full-sugar beverages and lowest in beverages la-
beled as no extra sugar. However, the upper quartile of
NMESs in the no extra sugar group reached 2.94 g/100
mL, showing that measurable NMESs were still detected in
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Table 4. Distribution of laboratory-measured NMESs, SFAs and TFAs in sampled samples (N = 122).
Nutrient (g/100 mL) NMESs SFAs TFAs

Classification Subunit N (%) Median [Q1, Q3] Median [Q1, Q3] Median [Q1, Q3]

Total 122 (100.00) 3.63 [1.31, 5.72] 0.90 [0.00, 2.10] 0.00 [0.00, 0.00]a

Brand
X brand 24 (19.67) 2.85 [0.00, 4.31]a 1.56 [0.72, 1.97]a 0.00 [0.00, 0.00]a

Y brand 74 (60.66) 4.12 [1.62, 5.93]b 1.21 [0.00, 2.59]a 0.00 [0.00, 0.00]a

Z brand 24 (19.67) 4.53 [1.30, 7.75]ab 0.00 [0.00, 0.68]b 0.00 [0.00, 0.00]a

Nutri-Choice classification

Grade A 6 (4.92) 0.00 [0.00, 0.00]a 0.00 [0.00, 0.35]a 0.00 [0.00, 0.00]a

Grade B 57 (46.72) 2.43 [0.00, 3.53]a 1.07 [0.00, 1.67]a 0.00 [0.00, 0.00]a

Grade C 31 (25.41) 6.58 [5.56, 7.94]b 0.00 [0.00, 0.70]a 0.00 [0.00, 0.00]a

Grade D 28 (22.95) 4.50 [2.95, 7.53]c 2.68 [2.09, 3.14]b 0.00 [0.00, 0.00]a

Declared sweetness

Full sugar 21 (17.21) 5.90 [5.16, 8.31]c 0.00 [0.00, 1.77]a 0.00 [0.00, 0.00]a

Less sugar 23 (18.85) 4.47 [3.64, 5.61]bc 0.81 [0.00, 2.13]a 0.00 [0.00, 0.00]a

Half sugar 16 (13.11) 3.41 [3.03, 4.43]ab 0.91 [0.00, 2.31]a 0.00 [0.00, 0.00]a

Quarter sugar 24 (19.67) 2.83 [1.23, 6.25]ab 1.11 [0.00, 2.42]a 0.00 [0.00, 0.00]a

No extra sugar 38 (31.15) 0.00 [0.00, 2.94]a 1.21 [0.00, 2.32]a 0.00 [0.00, 0.00]a

Temperature
Cold 62 (50.82) 3.54 [1.38, 5.92]a 0.81 [0.00, 2.08]a 0.00 [0.00, 0.00]a

Hot 60 (49.18) 3.63 [1.23, 5.60]a 1.21 [0.00, 2.21]a 0.00 [0.00, 0.00]a

Cup size
Regular 67 (54.92) 3.24 [1.21, 5.31]a 0.91 [0.00, 2.08]a 0.00 [0.00, 0.00]a

Large & Jumbo 55 (45.08) 4.22 [1.40, 6.45]a 0.81 [0.00, 2.19]a 0.00 [0.00, 0.00]a

Drink types
Pure tea 11 (9.02) 3.16 [1.72, 4.47]a 0.00 [0.00, 0.00]a 0.00 [0.00, 0.00]a

Fruit Tea & Fruit juice 35 (28.69) 7.59 [3.36, 9.27]b 0.00 [0.00, 0.00]a 0.00 [0.00, 0.00]a

Milk coffee & Milk tea 76 (62.29) 3.04 [0.00, 4.81]a 1.80 [1.01, 2.57]b 0.00 [0.00, 0.00]a

Note: (1) Values are presented as n (%) or median [Q1, Q3]; (2) Overall differences among groups were assessed using the Kruskal-
Wallis test, followed by Bonferroni-adjusted post hoc pairwise comparisons; detailed pairwise comparison results are presented in
Appendix Table 7; (3) Groups sharing at least one superscript letter are not significantly different, whereas groups with no superscript
letters in common differ significantly (p < 0.05); (4) NMESs, non-milk extrinsic sugars; SFAs, saturated fatty acids; TFAs, trans
fatty acids.

some products with this declaration. By beverage type, fruit
tea and fruit juice contained higher NMES levels, whereas
milk coffee and milk tea contained higher SFAs levels than
other categories. The median TFAs level was 0.00 g/100
mL across all subgroups, and TFAs content did not differ
significantly among subgroups.

3.2 Discrepancies Between Registered and
Laboratory-Measured Values and the Claimed
Compliance Rate

Comparative patterns between laboratory-measured
values and brand-registered values were illustrated using
slope charts (Appendix Figs. 7,8,9). For NMESs, 74.59%
of products showed lower laboratory-measured concentra-
tions than the values registered by the brands. By con-
trast, no obvious directional pattern was detected between
laboratory-measured and brand-registered levels of SFAs
and TFAs. The TFAs results were highly consistent with
the brand claim of “zero TFA”, with detectable TFAs ob-
served in only two milk tea products (1.64%).

Weighted RE analysis comparing laboratory-
measured and brand-registered values showed that 85.63%
of NMESs, 79.38% of SFAs, and 98.75% of TFAs mea-
surements had low RE values (≤20%) and therefore met

the claimed compliance criterion (Appendix Table 8).
Detailed RE subgroup analyses stratified by brand and
beverage type are further presented in Appendix Table 8.

3.3 Bland-Altman Agreement Analysis of Differences
Between Registered and Laboratory-Measured Values

Bland-Altman analysis was conducted to exam-
ine agreement between laboratory-measured and brand-
registered values for NMESs, SFAs, and TFAs. The cor-
responding visual results are presented in Figs. 4,5,6. For
NMESs, the broad 95% limits of agreement (±1.96 SD) sug-
gested a certain degree of random variability, with 4.92% of
samples (6/122) located outside these limits. SFAs demon-
strated narrower agreement, with only 3.27% of samples
(4/122) close to or beyond the limits. In comparison,
TFAs demonstrated strong consistency, with data points
concentrated around the mean difference line and show-
ing very limited dispersion, indicating close agreement be-
tween measured and registered values.

Bland-Altman analysis further identified a significant
systematic bias for NMESs, with an overall mean differ-
ence of –0.82 g/100 mL (95% confidence interval (CI): –
1.19, –0.46). This result shows that laboratory-measured
NMESs values were consistently lower than the corre-
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Fig. 4. Bland-Altman plot comparing brand-registered and laboratory-measuredNMESs values. Note: (1) Each blue dot represents
one beverage sample; (2) X-axis: Mean of the laboratory-measured and brand-registered NMESs values for each sample (g/100 mL); (3)
Y-axis: Difference in NMESs values, calculated as laboratory-measured minus brand-registered (g/100 mL); (4) The upper and lower
red dashed lines indicate the 95% limits of agreement, and the central red solid line indicates the mean difference.

sponding brand-registered values. However, no systematic
bias was detected for SFAs, with a mean difference of –
0.06 g/100 mL (95% CI: –0.20, 0.08), or for TFAs, with a
mean difference of 0.00 g/100 mL (95% CI: –0.01, 0.02).
Brands X and Y showed clear negative biases, with mean
differences of –1.01 g/100mL (95%CI: –1.28, –0.74) and –
1.02 g/100 mL (95% CI: –1.52, –0.52), respectively, while
Brand Z showed no significant bias, with a mean differ-
ence of –0.03 g/100 mL (95% CI: –1.05, 0.98) (Table 5;
Appendix Fig. 10,11,12). These results indicate that the ob-
served deviation in NMESs may have been caused by vol-
untary sugar reduction and product reformulation byBrands
X and Y rather than by methodological variation between
laboratories.

3.4 Compliance Rate of AG and BG

The weighted compliance rate reached 81.88%, with
Kappa = 0.688 (95% CI: 0.594, 0.783, p < 0.001). Brand-
specific compliance varied: Brand X showed the highest
compliance at 95.83%, Kappa = 0.841 (95% CI: 0.541,
1.000, p < 0.001), followed by Brand Z at 75.00%, Kappa
= 0.611 (95% CI: 0.350, 0.872, p < 0.001), and Brand Y at
72.97%, Kappa = 0.598 (95% CI: 0.465, 0.731, p < 0.001)
(Table 6). Since multiplying the registered value by a de-
fined coefficient may increase the compliance rate, an ad-
ditional analysis was conducted to examine improvement
in compliance by applying coefficient multipliers (105%
to 130%) to brand-registered nutrient values. With an ad-
ditional coefficient of 120%, the overall Kappa value in-
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Fig. 5. Bland-Altman plot comparing brand-registered and laboratory-measured SFAs values. Note: (1) Each blue dot represents
one beverage sample; (2) X-axis: Mean of the laboratory-measured and brand-registered SFAs values for each sample (g/100 mL); (3)
Y-axis: Difference in SFAs values, calculated as laboratory-measured minus brand-registered (g/100 mL); (4) The upper and lower red
dashed lines indicate the 95% limits of agreement, and the central red solid line indicates the mean difference.

creased to 0.812 (95% CI: 0.736, 0.888, p < 0.001), indi-
cating almost perfect agreement (Table 6). Brand-stratified
subgroup analysis showed different patterns of compliance
improvement: Brand X achieved 95.83% compliance with-
out adjustment, whereas Brands Z and Y achieved kappa
values above 0.8 after applying coefficients of 110% and
125%, respectively. These findings suggest clear hetero-
geneity in grading agreement among the three brands.

4. Discussion
This study systematically compared laboratory-

measured nutrient values with brand-registered nutritional
information to examine potential compliance issues in
beverage nutrient content claims. Several main findings

were obtained. First, China’s first Nutri-Choice-compliant
FMBs demonstrated high conformity with restricted nu-
trient thresholds, as 85.63% of NMESs, 79.38% of SFAs,
and 98.75% of TFAs measurements did not exceed 120%
of their corresponding brand-registered values. Second,
brand-registered values were generally well aligned with
laboratory-measured results. Third, laboratory-measured
NMESs concentrations were consistently approximately
1 g/100 mL lower than the registered values. Subgroup
results further indicated that this decrease was more likely
related to voluntary formula optimization by manufacturers
than to inter-laboratory variability, suggesting effective
reformulation efforts aimed at reducing NMESs. Finally,
our exploratory brand-stratified analysis identified adjust-
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Fig. 6. Bland-Altman plot comparing registered and laboratory-measured TFAs values. Note: (1) Each blue dot represents one
beverage sample; (2) X-axis: Mean of the laboratory-measured and brand-registered TFAs values for each sample (g/100 mL); (3) Y-axis:
Difference in TFA values, calculated as laboratory-measured minus brand-registered (g/100 mL); (4) The upper and lower red dashed
lines indicate the 95% limits of agreement, and the central red solid line indicates the mean difference.

Fig. 7. Differences between Nutrienti from actual testing and Nutrienti registered by the brand of various brands of NMESs.
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Table 5. Bland-Altman agreement analysis between brand-registered and laboratory-measured nutrient values.
Nutrient Subgroup n Mean difference (95% CI) Upper LoA (95% CI) Lower LoA (95% CI)

NMESs (g/100 mL)

Overall 122 –0.82 (–1.19, –0.46) 3.17 (2.54, 3.81) –4.82 (–5.45, –4.18)
Z Brand 24 –0.03 (–1.05, 0.98) 4.67 (2.92, 6.43) –4.74 (–6.50, –2.99)
Y Brand 74 –1.02 (–1.52, –0.52) 3.22 (2.35, 4.09) –5.26 (–6.13, –4.39)
X Brand 24 –1.01 (–1.28, –0.74) 0.25 (–0.22, 0.72) –2.27 (–2.74, –1.80)

SFAs (g/100 mL)

Overall 122 –0.06 (–0.20, 0.08) 1.50 (1.25, 1.74) –1.62 (–1.86, –1.37)
Z Brand 24 –0.02 (–0.28, 0.23) 1.16 (0.72, 1.60) –1.21 (–1.65, –0.77)
Y Brand 74 –0.07 (–0.28, 0.15) 1.75 (1.38, 2.12) –1.89 (–2.26, –1.51)
X Brand 24 –0.08 (–0.28, 0.12) 0.85 (0.51, 1.20) –1.01 (–1.35, –0.66)

TFAs (g/100 mL)

Overall 122 0.00 (–0.01, 0.02) 0.14 (0.12, 0.16) –0.13 (–0.16, –0.11)
Z Brand 24 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
Y Brand 74 0.01 (–0.02, 0.03) 0.18 (0.15, 0.22) –0.17 (–0.21, –0.13)
X Brand 24 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)

Note: (1) Differences were calculated as laboratory-measured values minus brand-registered values; therefore, neg-
ative values indicate that laboratory-measured concentrations were lower than brand-registered concentrations; (2)
The 95% limits of agreement were calculated as the mean difference ±1.96 standard deviations; (3) NMESs, non-
milk extrinsic sugars; SFAs, saturated fatty acids; TFAs, trans fatty acids; LoA, limits of agreement; CI, confidence
interval.

Fig. 8. Differences between Nutrienti from actual testing and Nutrienti registered by the brand of various brands of SFAs.

Fig. 9. Differences between Nutrienti from actual testing and Nutrienti registered by the brand of various brands of TFAs.

ment coefficients of 100%, 110%, and 125% for Brands
X, Z, and Y, respectively, indicating that the tolerance
needed to improve grading agreement may differ across
retail production settings. Together, these findings provide

preliminary evidence for improving verification and
tolerance strategies in the FMB sector.

With regard to the grading results, the overall nutrient
composition of the three brands in the present study was
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Table 6. The compliance rate between actual grading (AG) and brand-registered grading (BG) with the registered value applied different coefficients.
Weighted total (n = 160) X brand (n = 24) Y brand (n = 74) Z brand (n = 24)

Kappa
95% CI

Compliance rate
Kappa
95% CI

Compliance rate
Kappa
95% CI

Compliance rate
Kappa
95% CI

Compliance rate

Nutrienti from actual testing vs
Nutrienti registered by the brand

0.688b (0.594, 0.783) 81.88% 0.841c (0.541, 1.000) 95.83% 0.598a (0.465, 0.731) 72.97% 0.611b (0.350, 0.872) 75.00%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
105%

0.754b (0.668, 0.840) 85.53% 0.841c (0.541, 1.000) 95.83% 0.659b (0.530, 0.788) 77.03% 0.739b (0.512, 0.966) 83.33%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
110%

0.789b (0.707, 0.871) 87.42% 0.859c (0.622, 1.000) 95.83% 0.679b (0.552, 0.806) 78.38% 0.875c (0.706, 1.000) 91.67%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
115%

0.790b (0.710, 0.870) 87.42% 0.859c (0.622, 1.000) 95.83% 0.680b (0.553, 0.807) 78.38% 0.875c (0.706, 1.000) 91.67%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
120%

0.812c (0.736, 0.888) 88.68% 0.859c (0.622, 1.000) 95.83% 0.720b (0.597, 0.844) 81.08% 0.875c (0.706, 1.000) 91.67%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
125%

0.855c (0.784, 0.926) 91.19% 0.859c (0.622, 1.000) 95.83% 0.800c (0.688, 0.912) 86.49% 0.875c (0.706, 1.000) 91.67%

Nutrienti from actual testing vs
Nutrienti registered by the brand ×
130%

0.865c (0.796, 0.934) 91.82% 0.859c (0.622, 1.000) 95.83% 0.820c (0.712, 0.928) 87.84% 0.875c (0.706, 1.000) 91.67%

Note: (1) a moderate agreement, b high agreement, c almost perfect agreement; (2) All Kappa statistics are statistically significant with p < 0.001; (3) Brand‑registered values were multiplied by
coefficients from 105% to 130% in 5% increments and compared with laboratory‑measured values to recalculate grading consistency rates; (4) AG, actual grading (derived from laboratory‑measured
nutrient values); BG, brand-registered grading (derived from brand-registered nutrient values); (5) The actual sample size is n = 122. The “Weighted total (n = 160)” is the effective weighted sample
size used in the weighted Kappa analysis, not the actual number of collected samples. Compliance rate was defined as the proportion of samples in which AG was consistent with or better than BG,
reflecting the unidirectional tolerance framework for restricted nutrients. It was calculated as Compliance rate (%) = NAG-BG matches

Ntotal
× 100%.
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Table 7. Post hoc pairwise comparisons following the Kruskal-Wallis tests.
Grouping variable Nutrient Group 1 Group 2 Difference in

mean ranks
Standard error Z Unadjusted

p value
Bonferroni-

adjusted p value

Brand

NMESs
X Y −22.011 8.271 −2.661 0.008 0.023
X Z −23.208 10.164 −2.283 0.022 0.067
Y Z −1.197 8.271 −0.145 0.885 1.000

SFAs
X Y −0.766 8.096 −0.095 0.925 1.000
X Z 33.708 9.949 3.388 0.001 0.002
Y Z 34.474 8.096 4.258 <0.001 <0.001

Nutri-Choice classification

NMESs

A B −26.956 15.112 −1.784 0.074 0.447
A C −86.081 15.704 −5.481 <0.001 <0.001
A D −61.143 15.840 −3.860 <0.001 0.001
B C −59.125 7.858 −7.525 <0.001 <0.001
B D −34.187 8.126 −4.207 <0.001 <0.001
D C 24.938 9.180 2.717 0.007 0.040

SFAs

A B −27.193 14.792 −1.838 0.066 0.396
A C −8.774 15.371 −0.571 0.568 1.000
A D −59.107 15.504 −3.812 <0.001 0.001
B C 18.419 7.691 2.395 0.017 0.100
B D −31.914 7.954 −4.013 <0.001 <0.001
D C −50.333 8.985 −5.602 <0.001 <0.001

Declared sweetness NMESs

No extra sugar Quarter sugar 24.531 9.180 2.672 0.008 0.075
No extra sugar Half sugar 25.104 10.493 2.392 0.017 0.167
No extra sugar Less sugar 42.045 9.302 4.520 <0.001 <0.001
No extra sugar Full sugar 61.888 9.574 6.464 <0.001 <0.001
Quarter sugar Half sugar 0.573 11.364 0.050 0.960 1.000
Quarter sugar Less sugar 17.514 10.274 1.705 0.088 0.882
Quarter sugar Full sugar 37.357 10.521 3.551 <0.001 0.004
Half sugar Less sugar 16.942 11.462 1.478 0.139 1.000
Half sugar Full sugar 36.784 11.684 3.148 0.002 0.016
Less sugar Full sugar 19.843 10.627 1.867 0.062 0.619

Drink types

NMESs
Pure tea Fruit Tea & Fruit juice −35.310 12.171 −2.901 0.004 0.011
Pure tea Milk coffee & Milk tea 2.325 11.358 0.205 0.838 1.000

Fruit Tea & Fruit juice Milk coffee & Milk tea 37.635 7.193 5.233 <0.001 <0.001

SFAs
Pure tea Fruit Tea & Fruit juice −3.229 11.913 −0.271 0.786 1.000
Pure tea Milk coffee & Milk tea −60.316 11.118 −5.425 <0.001 <0.001

Fruit Tea & Fruit juice Milk coffee & Milk tea −57.087 7.040 −8.109 <0.001 <0.001
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Table 8. Distribution of the RE of samples (N = 122) (N (%)).

Classification Subunit
NMESs SFAs TFAs

N
Median [Q1, Q3]

Rank-sum test Reach the claimed
(RE ≤0.2) Median [Q1, Q3]

Rank-sum test Reach the claimed
(RE ≤0.2) Median [Q1, Q3]

Rank-sum test Reach the claimed
(RE ≤0.2)H value p value H value p value H value p value

Brand
X brand –0.34 [–1.00, –0.23] 8.67 0.013 24 (100.00) 0.00 [–0.11, 0.15] 1.16 0.599 20 (83.33) 0.00 [–0.00, 0.00]c 47.35 <0.001 24 (100.00) 24
Y brand –0.23 [–0.54, 0.04]a 63 (85.14) 0.00 [–0.27, 0.18] 57 (77.03) –1.00 [–1.00, 0.00] 72 (97.30) 74
Z brand –0.07 [–0.39, 0.05]a 22 (91.67) 0.00 [–0.00, 0.00] 24 (100.00) 0.00 [–0.00, 0.00]c 24 (100.00) 24

Drink types

Pure tea –0.18 [–0.37, 0.04] 14.75 0.002 11 (100.00) 0.00 [–0.00, 0.00] 1.23 0.745 11 (100.00) 0.00 [–0.00, 0.00]d 39.46 <0.001 11 (100.00) 11
Fruit Tea –0.06 [–0.31, 0.16]b 23 (79.31) 0.00 [–0.00, 0.00] 26 (89.66) 0.00 [–0.00, 0.00]d 29 (100.00) 29
Fruit juice –0.07 [–0.41, 0.15] 5 (83.33) 0.00 [–0.00, 0.00] 6 (100.00) 0.00 [–0.00, 0.00]d 6 (100.00) 6

Milk tea/milk coffee –0.32 [–1.00, –0.12] 70 (92.11) –0.02 [–0.42, 0.19] 58 (76.32) –1.00 [–1.00, 0.00] 74 (97.37) 76

Weighted total –0.25 [–0.66, –0.04] 137 (85.63) 0.00 [–0.13, 0.09] 127 (79.38) 0.00 [–1.00, 0.00] 158 (98.75) 160
RE, Relative error. Values are presented as median [Q1, Q3]. Different superscript letters within the same column indicate statistically significant differences among groups (p < 0.05). Groups sharing at least one
common superscript letter are not significantly different.
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Fig. 10. Bland-Altman plot of brand-registered and laboratory-measured NMESs values for Brand X. Note: Each point represents
one beverage sample. The x-axis shows the mean of the paired values, and the y-axis shows the difference calculated as laboratory-
measured minus brand-registered. The solid red line represents the mean difference, the dashed red lines represent the 95% limits of
agreement, and the dotted horizontal line represents zero difference.

compared with the findings reported by Shi et al. [8] for
retail handcrafted milk tea products in Shanghai. In the
present samples, the median NMESs and TFAs concentra-
tions were 3.63 g/100 mL and 0.00 g/100 mL, respectively,
whereas Shi et al. [8] reported median total sugar and trans-
fat levels of 6.50 g/100 g and 0.721 g/100 g, respectively.
From Grades A to C, NMESs concentrations tended to in-
crease. However, most Grade D beverages were assigned
to Grade D because their SFA content exceeded 2.5 g/100
mL. This finding is consistent with the current nutritional
profile of FMBs in China. Most beverages had NMESs
concentrations below 11.5 g/100mL, while some beverages
contained relatively high SFAs levels, especially those with
milk foam, cream, or dairy-based ingredients. TFAs were

also generally absent or detected only at very low levels
in the sampled beverages. Moreover, although Brand Y in-
volved the highest proportion of manual preparation among
the three brands, its median NMESs level was not the high-
est; this suggests that NMESs content is mainly determined
by product formulation and standardized recipes rather than
by the extent of manual intervention.

Nutrition-labeling regulations in many countries have
set scientifically based tolerance ranges for declared nutri-
ent values, commonly limiting restricted components (e.g.,
fat, SFAs, TFAs, NMESs, sodium) to ≤120% of the la-
beled value to allow for analytical variability and produc-
tion heterogeneity [9,25,26]. However, evidence support-
ing error coefficients for nutrient content in FMBs remains
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Fig. 11. Bland-Altman plot of brand-registered and laboratory-measured NMESs values for Brand Y. Note: Each point represents
one beverage sample. The x-axis shows the mean of the paired values, and the y-axis shows the difference calculated as laboratory-
measured minus brand-registered. The solid red line represents the mean difference, the dashed red lines represent the 95% limits of
agreement, and the dotted horizontal line represents zero difference.

limited. To reduce possible labeling inaccuracies in FMBs,
Singapore’s Nutri-Grade implementation framework uses a
precautionary strategy by multiplying pre-ice formulations
of customized beverages (e.g., bubble tea, soymilk). This
strategy is designed to account for nutrient-content variabil-
ity arising from artisanal beverage preparation while pre-
serving regulatory compliance. Nevertheless, systematic
evidence regarding the suitability of the 120% tolerance
threshold for contemporary FMBs is still insufficient. In
this context, the present findings offer empirical support for
improving nutrition-labeling accuracy in freshly made bev-
erages, a critical yet still underregulated sector.

Beyond nutrient reformulation, the performance of
a FOPL system also relies on consumer engagement and
trust. Trust has been recognized as a key mediator between

consumer attitudes toward FOPL and their behavioral in-
tentions [28]. Labels that are perceived as accurate and
reliable are more likely to influence purchasing decisions
and promote healthier choices [29]. This consideration is
especially relevant for FMBs, because these products are
prepared on-site and cannot be checked by consumers be-
fore purchase. Therefore, the credibility of Nutri-Choice
largely depends on whether the displayed grade accurately
represents the beverage actually consumed. Preserving this
trust requires continuous labeling accuracy, robust verifi-
cation mechanisms, and, when needed, production-specific
adjustment strategies. In this regard, the present study
provides empirical evidence supporting verification-based
monitoring and production-specific tolerance strategies for
FMB nutrition labeling.
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Fig. 12. Bland-Altman plot of brand-registered and laboratory-measured NMESs values for Brand Z. Note: Each point represents
one beverage sample. The x-axis shows the mean of the paired values, and the y-axis shows the difference calculated as laboratory-
measured minus brand-registered. The solid red line represents the mean difference, the dashed red lines represent the 95% limits of
agreement, and the dotted horizontal line represents zero difference.

Strengths and Limitations

This study has several strengths. The three selected
brands had different operational characteristics and rep-
resented the main FMB product types, allowing descrip-
tive comparisons across real-world retail contexts. By
auditing beverages purchased under routine retail condi-
tions instead of depending on manufacturer-declared or
laboratory-prepared values, this study captured the oper-
ational variability inherent in point-of-sale preparation, a
factor that has been largely neglected in earlier nutrient pro-
filing and FOPL studies. In contrast to most previous stud-
ies focused on pre-packaged products, this study evaluated
whether manufacturer-submitted nutrient grades remain ac-
curate under actual retail conditions. In addition, while

existing tolerance frameworks use uniform margins across
production types, the brand-stratified analysis offers a prac-
tical basis for assessing whether differentiated tolerances
may improve grading agreement, which has not previously
been documented in the FMB sector.

Several limitations should be considered. First, the ge-
ographic focus on Shanghai, the voluntary design of the pi-
lot, and the inclusion of only three brands restrict the gen-
eralizability of the findings. Second, although the sam-
ple size was acceptable for exploratory analysis, it remains
limited for defining definitive tolerance thresholds, and the
9% margin of error together with unequal sampling frac-
tions may have introduced imprecision; although brand-
level sampling weights were used in the weighted Kappa
analysis, residual bias cannot be excluded. Third, each pro-
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duction profile was represented by only one brand; conse-
quently, brand effects and production-method effects were
confounded. The observed differences may be related to
product formulation, product mix, ingredient sourcing, em-
ployee training, store practices, productionmethods, or sev-
eral of these factors together. In view of these limitations,
the proposed adjustment coefficients should be regarded as
exploratory and require validation in broader populations
before generalization. Future multi-center studies includ-
ing more brands, regions, and seasonal variation are needed
to validate and refine these coefficients.

5. Conclusion
Nutri-Choice provides a practical framework for ap-

plying graded nutrition labeling to FMBs, but its credibil-
ity depends on routine market sampling, laboratory verifi-
cation, and evidence-based tolerance strategies. The vari-
ation observed in grading agreement among brands sug-
gests that differentiated tolerance strategies should be eval-
uated further. Future multicentre studies should involve
multiple brands within each preparation modality and in-
clude broader regional, seasonal, and store-level coverage
to distinguish brand-level characteristics from preparation-
related variability. Further research on consumer under-
standing and use of the Nutri-Choice label is also required
to support future nutrition-labeling policies for FMBs.
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