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1 Advanced glycation end products
2 -N- carboxyethyllysine
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9 -Pomegranate peel extract
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7 -Gas chromatography- Mass spectrometry
8 -Enzyme-linked immunosorbent assay
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Table 1. Designed models for investigating the inhibitory
effect of studied extract on glycation reaction”.

Run No. Protein Sugar Extract
1 -1 -1 -1
2 1 -1 -1
3 -1 1 -1
4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 -1 0 0
10 1 0 0
11 0 -1 0
12 0 1 0
13 0 0 -1
14 0 0 1
15 0 0 0
16 0 0 0
17 0 0 0

*-1,0, and, 1 means lowest, central, and highest level of
independent variables, respectively. Extract (PPE, 250,
500, and 750 ppm); Sugar Glucose (0.2, 0.6, and 1.0 M),
Fructose (0.2, 0.6, and 1.0 M), and Lactose (0.1, 0.3, and
0.5 M); Protein (Whey, 2.0, 3.5, and 5.0 %w/v and Casein,

1.0, 2.0 and 3.0 % w/v).
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11-Central composite face-centered
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Table 2. RSM model validation parameters of pomegranate peel extract + whey protein

+ sugar.
Model R? R? Adj. Q21 RSD*? Repeatability
Whey + Glucose 0.94 0.92 0.90 2.76 0.93
Whey + Fructose 0.95 0.94 0.92 0.95 0.95
Whey + Lactose 0.87 0.84 0.78 5.29 0.86
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Table 3. Regression coefficients of predicted quadratic polynomial models for the response of antiglycation
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activity of pomegranate peel extract (PPE) in model system containing whey protein

Independent Glucose

Fructose Lactose

variable Coeff. SC p-value

Coeff. SC p-value Coeff. SC

12 -Relative standard deviation (RSD)
13 -Q2 is the median value in the set.
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p-value
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Total constant 70.12 0.00 78.62 0.00 73.27 0.00
Protein -4.03 0.00 -4.44 0.00 -2.83 0.00
Sugar 2.11 0.00 3.04 0.00 2.23 0.02
Extract 11.43 0.00 13.98 0.00 14.99 0.00
Protein x Protein 0.30 0.75" -0.37 0.72" 4.78 0.01
Sugar x Sugar -2.92 0.00 -3.75 0.00 -5.63 0.00
Extract x Extract -3.38 0.00 -4.50 0.00 -6.26 0.00
Protein x Sugar 0.14 0.79" -1.67 0.00 -1.77 0.10"
Extract x Protein 1.17 0.04 3.92 0.00 1.56 0.15"
Sugar x Extract -2.53 0.00 -1.32 0.03 -0.45 0.67"

* No significant difference observed (p<0.05).
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Figure 1. The color map of antiglycation activity in the model system containing whey protein and
pomegranate peel extract (750 ppm). A: containing glucose; B: containing fructose; C:
containing lactose. The horizontal axis shows protein concentration (% w/v x 100) and the

vertical axis shows sugar concentration (M).
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Table 4. RSM model validation parameters of pomegranate peel extract + casein

+ sugar.
Model R?> R?Adj. @Q? RSD Repeatability
Casein + Glucose 0.91 0.89 0.86 5.35 0.90
Casein + Fructose 0.89 0.87 0.85 4.84 0.89
Casein + Lactose 0.90 0.88 0.84 4.33 0.87
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Table 5. Regression coefficients of predicted quadratic polynomial models for the response of antiglycation
activity of pomegranate peel extract (PPE) in model systems containing casein.

Independent Glucose Fructose Lactose
variable Coeff. SC p-value Coeff. SC p-value Coeff. SC p-value
Total constant 73.33 0.00 70.37 0.00 60.17 0.00
Protein -11.66 0.00 -9.18 0.00 -8.83 0.00
Sugar 2.14 0.03 2.23 0.01 2.93 0.00
Extract 15.95 0.00 12.96 0.00 11.88 0.00
Protein x Protein -1.87 0.32" -3.34 0.06" 3.57 0.02
Sugar x Sugar -5.07 0.01 -0.35 0.83" -1.15 0.45"
Extract x Extract -1.57 0.40" 0.46 0.78" 02.15 0.16"
Protein x Sugar 2.06 0.06" -1.51 0.13" -2.45 0.00
Extract x Protein -0.52 0.63" 0.35 0.72 2.92 0.00
Sugar x Extract -1.53 0.16" -4.09 0.00 -3.25 0.00

* No significant difference observed (p<0.05).
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Figure 2. The color map of antiglycation activity in the model system containing casein and pomegranate
peel extract (750 ppm). A: containing glucose; B: containing fructose; C: containing lactose. The
horizontal axis shows protein concentration (% w/v x 100) and the vertical axis shows sugar

concentration (M).
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Advanced glycation end products (AGESs) are a group of compounds formed during the
Maillard reaction, which can have adverse effects. This study aims to investigate the
formation of fluorescent AGEs using the response surface method (RSM). Factors such
as protein type ((whey protein, 2.0, 3.5, and 5.0% w/v) and casein (1.0, 2.0, and 3.0%
wi/v)), sugar type ((glucose and fructose (0.2, 0.6, and 1.0 M) and lactose (0.1, 0.3, and
0.5 M)), and pomegranate peel extract (PPE, 250.0, 500.0, and 750.0 ppm) along with
their interactions are analyzed. The results of this study showed that, the type of protein,
type of sugar, and concentration of phenolic extract from pomegranate peel were
effective in preventing the formation of AGEs, and the pomegranate peel extract was
able to effectively prevent glycation reaction (specially at 750.0 ppm). According to the
results, protein type and concentration significantly influence AGEs formation. The
inhibitory activity of the extract in the model system containing casein was lower than
system containing whey protein, and overall, the inhibitory power decreased with an
increase in protein concentration. By changing the type of sugar present in the model
system, the inhibitory behavior of the pomegranate peel extract became complex,
showing increased, decreased, or no effect in some cases. Further investigations can
suggest the use of this extract, especially in the formulation of food products, including
infant formulas.
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