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Abstract: Optimally designed functional foods are considered the most important part of a balanced
and healthy diet. Goat meat nuggets, an otherwise healthy option, are packed with undesirable
saturated and unsaturated fats. The present work suggests an optimal functional formulation to
reduce the surplus fat content of goat meat nuggets by adding two optimally calculated functional
ingredients, namely, fenugreek leaves (FL) and psyllium husk (PH). Response surface optimization
was performed to determine the optimal content of the functional ingredients (FL and PH), result-
ing in minimum fat content without affecting the overall acceptability (OA) and other properties
representing the taste and texture (e.g., ash content, pH, crude fiber content, and moisture content)
of the nuggets. Functional additives at optimum levels successfully reduced the fat content of the
weight-conserved nuggets by almost 39% compared with the control nuggets. Minimal and accept-
able effects were observed regarding OA and other properties representative of the taste and texture
of the nuggets. An optimally designed, fat-attenuated goat meat nugget formulation is therefore
prescribed, which complies with the nutritional standards of a balanced diet.

Keywords: nuggets; fenugreek leaves; psyllium husk; optimization; fat content

1. Introduction

Over the last few decades, people have begun to prefer healthy and convenient foods,
such as ready-to-eat or precooked foods, due to busier lifestyles, leading to an effective
change in eating habits. The consumption of meat and meat products is continuously
increasing worldwide because of their ideal source of soluble minerals, vitamins, essential
fats, amino acids, and many other nutrients with a specific function in the body. Compared
to plant sources, meat contains a rich source of iron and vitamin B, especially vitamin B12,
which is absent in plant foods [1]. The consumption of meat leads to satiety, and meat is a
nutritious and ready-to-eat, convenient food.

Goat meat is the most popular option among meat from ruminant species and is
universally accepted by all communities in India without religious and social taboos [2].
Goat meat is a darker red in color than lamb and beef and has a coarser texture with
a different flavor and aroma [3]. It is leaner than beef and lamb and also contains less
marbling and subcutaneous fat [4,5]. The main drawback of processed meat products is
that they contain a high level of saturated fatty acids and cholesterol but no fiber, properties
which are associated with several chronic diseases, such as cardiovascular disease, various
types of cancer, and obesity [6].

Processes 2021, 9, 475. https://doi.org/10.3390/pr9030475 https://www.mdpi.com/journal/processes

https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://orcid.org/0000-0002-2989-121X
https://orcid.org/0000-0001-7856-0487
https://doi.org/10.3390/pr9030475
https://doi.org/10.3390/pr9030475
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/pr9030475
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr9030475?type=check_update&version=2


Processes 2021, 9, 475 2 of 13

The major drawback of red meat is the lack of dietary fiber; hence, regular consumption
is associated with an increased level of cholesterol, sodium, fat, saturated fatty acids, and
calories, but low fiber intake [7,8]. Consumption of red-meat-related products is unhealthy
and subjects the consumer to saturated fats and synthetic antioxidants that result in several
degenerative diseases, such as obesity, hypertension, diabetes, high cholesterol levels, and
cardiovascular disease [9,10].

In 2010, the US Department of Health and Human Services (USDHHS) and US Depart-
ment of Agriculture (USDA) published dietary guidelines demonstrating how saturated
fats and associated levels of low-density lipoprotein (LDL) cholesterol are directly pro-
portional to the risk of cardiovascular disease (CVD) (Dietary Guidelines for Americans
2010). In India, ~70% of colorectal cancer cases are caused by improper diet. Various
international studies highlighted the positive association between dietary fat and red meat
consumption with colorectal cancer and mortality [11,12]. The US Preventive Services Task
Force presented a report calling upon the United States population to decrease the preva-
lence of heart disease, stroke, hypertension, obesity, cancer, and noninsulin-dependent
diabetes mellitus by reducing their fat and cholesterol consumption and increasing their
fiber intake [13].

Increased dietary awareness has substantially enhanced the relevance of dieticians,
nutritionists, and food technologists. There is an increasing demand for functional meat
products containing dietary fiber, low levels of fat and cholesterol, reduced contents of
sodium chloride and nitrite, a healthy fatty acid profile composition, and added health-
enhancing ingredients among consumers worldwide [14]. Nonmeat additives are known
to significantly improve the functionality of meat products [15]. Reducing the fat content
without noticeably affecting meat product quality and acceptability is challenging [16–18].

Several functional ingredients may be employed to reduce the fat content of goat
meat products and thereby improve the nutritional profile [15,18]. Nonmeat ingredients
from a variety of plants sources are used in functional meat products, such dietary fiber,
e.g., psyllium husk [19], drumsticks [20], chia [21], and sugarcane fiber [22], and natural
antioxidants, such as the extracts of curry leaves and fenugreek leaves [23], goji berries [24],
rosemary [25], and green tea [26]. These functional ingredients are used in processed
meat products to enhance the nutritional quality and to retard lipid oxidation via natural
antioxidants and are also very effective for the development of low-cost meat products
compared to lean meat [5,10,22,27].

Psyllium husk and fenugreek leaves both serve as excellent sources of soluble and
insoluble dietary fiber/fractions [28,29]. Psyllium husk is known to have gelling properties
with beneficial effects on health, such as improved lipid metabolism [30] and diabetes
prevention and control [31], and fenugreek leaves also possess pharmacological proper-
ties [32]. The incorporation of fenugreek leaves and psyllium husk can supplement as a
source of antioxidants and dietary fiber in goat meat products. The combined use of these
two significant dietary fractions could be very useful to enhance the nutritional quality
and storage stability of meat products, as well as promote a healthy life. Psyllium husk has
bioactive components with cholesterol-lowering properties [33], whereas fenugreek leaves
have various functional and medicinal values [34].

To date, no literature reports on the optimal ingredients for functional meat products
and their physicochemical properties using a central composite design (CCD). Therefore,
this study plans to determine the optimum level of fenugreek leaves and psyllium husk
to reduce the fat content in goat meat products and to determine the effect of cholesterol
digestibility on optimized meat nuggets in vitro. This work is a novel attempt since no
previous studies have reported the optimum combination of these additives (fenugreek
leaves and psyllium husk) that may substantially reduce the fat content of goat meat
nuggets without significantly affecting other physiochemical properties and digestibility.

Response surface methodology (RSM) is the method of choice since it is a well-known
statistical technique to determine the optimum combination of independent variables
directed toward minimizing/maximizing an independent variable. RSM may be employed
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to develop, improve, and optimize ingredient levels, processes, or formulations in food
technology [35,36]. It is a very effective technique to investigate the interaction between a
dependent variable and an independent variable and reduces the number of experimental
trials needed to complete the experimental design [37,38].

2. Materials and Methods
2.1. Design of Experiment: Formulation of Experimental Functional Meat Nuggets

Contents of goat meat, fenugreek leaves, and psyllium husk were varied as per the
CCD experiments (Table 1) while keeping all other constituents constant. Experiments were
set up as per a fully rotatable and orthogonal CCD [32]. Each row of Table 1 corresponds
to a single experiment (a total of 24 experiments, eight cube points, six-star points, and
ten central points). The rest of the ingredients were kept the same in all 24 experiments
(common salt (2%), condiment mix and spices mix (15%), vegetable oil (2%), and soybean
flour (7%)). Boneless goat meat with subcutaneous fats, all spices, psyllium husks, and
fresh fenugreek leaves were obtained from a local market.

Table 1. Experimental design: central composite design (CCD), GM: goat meat (g), FL: fenugreek
leaves (g), PH: psyllium husk (g), OFC: observed fat content (%), REPFC: response model-predicted
fat content (%), MC: moisture content (%), AC: ash content (%), CF: crude fiber (%), OA: overall
acceptability.

GM FL PH OFC RMPFC pH MC AC CF OA

55 3 1 5.85 5.83 6.59 61.8 3.88 1.09 9
55 3 5 5 4.97 6.71 60.2 3.90 1.78 8
55 9 1 5 5.07 6.51 62.1 4.02 1.21 8
55 9 5 4.8 4.78 6.60 61.5 4.06 1.42 7
65 3 1 7 7.06 6.65 63.8 3.94 1.21 8
65 3 5 5.8 5.77 6.69 62.3 3.96 1.46 7
65 9 1 6.2 6.27 6.49 64.1 4.17 1.81 9
65 9 5 5.5 5.56 6.55 63.7 4.29 1.94 7

51.59 * 6 3 4.3 4.31 6.62 60.7 3.74 1.19 8
68.40 ** 6 3 6.1 6.01 6.58 63.9 4.10 1.48 8

60 0.95 * 3 6.4 6.42 6.65 62.4 3.66 1.01 8
60 11.04 ** 3 5.7 5.60 6.55 62.8 4.23 1.58 8
60 6 0 * 6.6 6.48 6.47 64.3 3.65 1.07 9
60 6 6.3 ** 5.2 5.21 6.74 60.7 3.83 1.91 7
60 6 3 6 5.96 6.67 63.7 3.79 1.70 8
60 6 3 5.9 5.96 6.67 63.3 3.76 1.55 8
60 6 3 5.8 5.96 6.68 63.8 3.78 1.59 7
60 6 3 6.1 5.96 6.66 63.9 3.77 1.58 8
60 6 3 6.1 5.96 6.67 63.7 3.79 1.59 7
60 6 3 6.1 5.96 6.68 63.5 3.78 1.58 8
60 6 3 5.8 5.96 6.68 63.6 3.78 1.57 7
60 6 3 5.8 5.96 6.67 63.8 3.78 1.59 8
60 6 3 6 5.96 6.67 63.7 3.79 1.58 8
60 6 3 6 5.96 6.68 63.8 3.78 1.57 8

* minimum value; ** maximum value.

2.2. Quality Parameter Protocols

Protocols for determining the pH, fat content, moisture content, crude fiber content,
ash content, calories, carbohydrate content, and sensory evaluation details are provided in
Supplementary Information (SI). The cholesterol content was determined following Gok
et al. [39].

2.3. In Vitro Human Digestion Model

An in vitro human digestion model was used following the procedure described by
Hur, Decker, and McClements [40] and Versantvoort et al. [41] with slight modification.
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Details are provided in Supplementary Information (SI). All inorganic and organic solutions
were procured from Sigma (New Delhi, India) at the time of the experiments. Various saliva,
gastric, and bile juice compositions were prepared for evaluation of the digestibility of the
meat products. An in vitro human digestion model was statistically analyzed by ANOVA
using SPSS version 23 software (IBM Corp., Armonk, NY, USA). Duncan’s multiple range
test was applied to identify significant differences in the means; results are presented as
the mean ± standard deviation. All samples were tested in triplicate.

2.4. Thiobarbituric Acid-Reacting Substances (TBARS) Lipid Peroxidation Test

Lipid oxidation of the meat nuggets was evaluated by measuring thiobarbituric acid-
reactive substances (TBARS); the extraction method used was described by Buege and
Aust [42]. The absorbance was determined at 532 nm using a UV–VIS spectrophotometer
(Inkarp Instrument Pvt. Ltd. Hyderabad, India). TBARS were calculated based on a
standard curve, and the results are expressed as mg of malondialdehyde (MDA) per kg of
meat sample.

2.5. Response Surface Optimization

Table 1 shows the experimental formulation of the functional meat nuggets according
to the CCD. Minitab was used to determine the quadratic relationship between dependent
variables (goat meat, fenugreek leaves, and psyllium husk) and the dependent response
variable (fat %). Multivariable regression analysis was performed to determine the ade-
quacy of the response model given by the following equation:

Y = β0 +
3

∑
i=1

βixi +
3

∑
i=1

β2
i x2

i +
3

∑
ij=1

βijxixj (1)

where Y is defined as the response or dependent variable (fat %), β0 is the constant, βi is
the linear coefficient, β2

i is the quadratic coefficient, and βij is the interaction coefficient,
xi represents the independent variables: i.e., goat meat (x1), fenugreek leaves (x2), and
psyllium husk (x3).

3. Results

The variation in the fat content (%) of the goat meat nuggets was obtained from
the quadratic response function (Equation (2)) of the content of goat meat and the two
functional ingredients, i.e., fenugreek leaves and psyllium husk (Table 1). The quadratic
response equation (Equation (2), Table 2) represents the final regressed quadratic equation
with real coefficients for the absolute (uncoded) independent variable. The degree of
significance of the complete response model and its coefficient are presented in the ANOVA
table (Table 2).

The R2, R2-adj, and R2-pred regression coefficients for the fitness of the response
model (Equation (2)) reflect the robust efficiency of the selected quadratic response model
(Equation (2), Table 3). The predicted responses from Equation (2) for the variation in the
fat content (%) as a function of goat meat (x1), fenugreek leaves (x2), and psyllium husk
(x3) are similar to the experimentally observed values (Figure 1, Table 1).
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Figure 1. Comparison of observed and response model predictions.

Table 2. ANOVA of the response model.

Term Coef. Adj SS Adj MS F-Value P-Value

Constant (β0) −41.33 7.88454 0.87606 62.25 0.000
Goat meat (g) β1 1.492 3.28529 3.28529 233.44 0.000

Fenugreek leaves (g) β2 −0.152 0.71591 0.71591 50.87 0.000
Psyllium husk (g) β3 0.341 2.06809 2.06809 146.95 0.000

Overall Linear Coefficient Significance 6.06929 2.02310 143.76 0.000

Goat meat (g)*goat meat (g) β2
1 −0.01131 1.29438 1.29438 91.98 0.000

Fenugreek leaves (g)*fenugreek leaves (g) β2
2 0.00199 0.00517 0.00517 0.37 0.554

Psyllium husk (g)*psyllium husk (g) β2
3 −0.00740 0.01208 0.01208 0.86 0.370

Overall Quadratic Coefficient Significance 1.32036 0.44012 31.27 0.000

Goat meat (g)*fenugreek leaves (g) β12 −0.00042 0.00031 0.00031 0.02 0.884
Goat meat (g)*psyllium husk (g) β13 −0.01063 0.09031 0.09031 6.42 0.024

Fenugreek leaves (g)*psyllium husk (g) β23 0.02369 0.16531 0.16531 11.75 0.004

Overall, Two-Way Interaction Coefficient Significance 0.25594 0.08531 6.06 0.007
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Table 3. Optimum response model.

Quadratic Response Equation (Equation (2)) S R2 R2-(adj) R2-(pred)

Fat (%) = −41.33 + 1.492 x1 − 0.152 x2 + 0.341 x3 −
0.01131 x2

1 + 0.00199 x2
2 − 0.00740 x2

3 −
0.00042 x1* x2 − 0.01063 x1* x3 + 0.02396 x2* x3

0.118630 97.56% 95.99% 92.99%

Optimum Goat
Meat (g)

Optimum Fenugreek
Leaves (g)

Optimum
Psyllium Husk (g)

Minimized fat content (%)
predicted at optimum values 3.87092 51.5910 5.23555 6.36359

Minimized fat content (%)
observed at optimum values 3.5 ± 0.3 51.6 5.2 6.3

Fat content (%) in control one 4.9 ± 2 51.6 - -

Fat content (%) in control two
(weight-conserved nuggets) 5.8 ± 2 63.1 - -

The fat content appeared to be significantly affected by all three types of model terms
present in the quadratic response model (linear terms: P-value: 0.00; quadratic terms:
P-value: 0.00; two-way interaction terms: P-value: 0.00). However, the individual quadratic
terms for fenugreek leaves β2

2 and psyllium husk β2
3 and two-way interaction terms for

goat meat (g)*fenugreek leaves (g) β12 were statistically insignificant. The Pareto chart
(Figure 2) illustrates the significance of the individual response model terms (linear terms:
A, B, and C; quadratic terms: AA, BB, and CC; two-way interaction terms: AB, AC, and
BC) in a hierarchy, with the top-most value having the most significant effect on the fat
content of the meat nuggets, and vice versa. The linear terms for goat meat and psyllium
husk and goat meat’s quadratic effect appeared to have the most significant fat content
effect, closely followed by the linear effect of fenugreek leaves and the two-way interaction
effect of fenugreek leaves and psyllium husk. The two-way interaction effect of goat meat
and psyllium husk, although significant, approached the standardized cut-off limit (2.14)
for 95% significance (α = 0.05%). Below this limit, none of the model terms significantly
affected the fat content of the nuggets. The two remaining quadratic terms (for psyllium
husk and fenugreek leaves) and two-way interaction terms for goat meat and fenugreek
leaves showed no significant effect on the fat content of the nuggets.
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The main effect of independent variables on the fat content of the nuggets is visible in
Figure 3. The fat content increased proportionally with the increase in goat meat content.
Increases in the contents of fenugreek leaves (3 to 9 g) and psyllium husk (1 to 5 g) appeared
to have a negative effect on the fat content, with values of 6.4% to 5.5% and 6.5% to 5.2%,
respectively.
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Contour plots and response surfaces were generated to visualize the effect of any
two variables (keeping the third one at central values/hold values) on the fat content of
the nuggets (Figure 4a–f). The hold values for goat meat, fenugreek leaves, and psyllium
husk were 60 g, 6 g, and 3.18 g, respectively. The contour in Figure 4a highlights the area
of the lowest fat content (<4.5%) in a region corresponding to the lowest goat meat and
highest fenugreek leaf contents (~>4.5 g). An increase in the goat meat requires additional
fenugreek leaves to maintain the fat content below 4.5%. A similar trend was observed
for the combined effect of psyllium husk and goat meat on the fat content (Figure 4b). A
higher goat meat content requires a proportional increase in psyllium husk to maintain a
minimal fat content (<4.5%). However, a prominent difference between the two contours
(Figure 4a,b) lies in the content of functional ingredients required to keep identical low
levels of fat (%) in the nuggets. Noticeably lower levels of psyllium husk were required
to reduce the fat content to less than 4.5% compared to fenugreek leaves. The lowest
fat content was observed in the area corresponding to the maximum functional additive
regions (Figure 4c). Response surfaces (Figure 4d–f) also reflected a similar trend. A higher
goat meat content requires even more functional additives (to maintain the lower fat %)
than those considered in this study. More than 6 g of psyllium husk and/or more than 10 g
of fenugreek leaves would be required to maintain the fat content at less than 4.5% in the
case of enhancing the nugget meat content. Psyllium husk appears to be more effective
in upholding lower levels of fat compared to similar levels of added fenugreek leaves.
This is evident from the slightly depressed outer edge of the response surface defined by
the variation in the psyllium husk and goat meat (Figure 4e). The central diagonal region
corresponding to the upper quartile levels of fenugreek leaves and psyllium husk appeared
to produce analogous lower levels of fat when compared to the observed fat levels near
the individual maximal extremities of the functional additives (Figure 4f). This suggests
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that the combination of fenugreek leaves and psyllium becomes effective only above the
respective median values considered in this study.
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The quadratic response equation (Equation (2)) was optimized using the response
optimizer module of Minitab (for details, refer to the response optimizer section in
Supplementary Information). The optimum solution and minimal fat content predicted
and observed at optimum values are presented in Table 3. The observed minimized fat
content was determined in triplicate at the optimum combination of goat meat, fenu-
greek leaves, and psyllium husk. The remaining parameters were kept the same as in the
control nuggets. The fat content of the nuggets with the optimized functional additives
decreased by ~26.5% compared to the control nuggets with the same content of goat meat
(control one).

The fat content was also compared with the weight-conserved nuggets (control two),
wherein the masses of psyllium husk and fenugreek leaves were replaced with goat meat
(51.6 + 5.2 + 6.3 = 63.1 g) to conserve the net weight of the nuggets. An overall fat
content decrease of ~39% was observed. This significant reduction in the fat content was
attributed to the optimum levels of functional additives (fenugreek leaves and psyllium
husk). Table S4 presents the final compositions of the optimized and control (one and two)
functional nuggets.

4. Discussion

The fat content is considered an important parameter contributing to the texture,
flavor, mouthfeel, and overall perception of meat [43]. Reducing the fat content with
suitable replacements without affecting the properties of a product is a challenging task [16].
In the present study, the fat content of goat meat nuggets was successfully maintained
below 4% with an optimized combination of functional additives (fenugreek leaves and
psyllium husk). The synergistic relationship of these two functional additives proved
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to be an effective criterion for their application as fat content attenuators in goat meat
formulations. The incorporation of functional additives as sources of dietary fiber (DF)
and antioxidant fractions in meat products improves product image and fulfills customer
demand. DF and antioxidants are important dietary fractions that promote human health.
The incorporation of DF, as well as antioxidant fractions, could enhance the nutritional
quality and storage stability of meat products, thereby promoting a healthy lifestyle [44].
Mehta and associates [45] added 2% psyllium husk to their chicken product, decreasing
the fat content. In addition, Zargar et al. [46] and Jairath et al. [47] added pumpkin seed to
chicken sausage and corn starch to buffalo calf meat sausages as fat replacers, which helped
reduce the fat content of the developed products. Furthermore, Rokib and coworkers [48]
formulated low-fat chicken sausages with the addition of rice and wheat flour.

The effects of the levels of functional additives (fenugreek leaves and psyllium husk)
and the goat meat content on the moisture content (MC), ash content (AC), crude fiber
(CF), and overall acceptability (OA) are listed in Table 1. Optimized nuggets were formu-
lated according to Table S4, and their nutritional properties were evaluated and compared
with controls one and two (Table S2). The variations in MC, AC, CF, and OA as a func-
tion of functional additives and the goat meat content are illustrated in contour plots
(Figures S1 and S4). Higher moisture contents were observed with increasing FL and goat
meat (Figure S1a,c). PH appeared to have minimal contribution toward MC, with increas-
ing PH decreasing the moisture of the final product (Figure S1b). This is in agreement with
an earlier report of moisture content variation with the addition of psyllium husk in chicken
meat rolls [19], whereas lotus (Nelumbo nucifera) rhizome, a known DF and antioxidant
source, was observed to increase the moisture and ash content in cooked sausage [49].

In our findings (Figure S2a–c), the ash content increased with increasing goat meat
and fenugreek leaf contents; however, an increase in psyllium husk did not significantly
affect the ash content. Madane and associates noticed an improvement in the ash content
of chicken nuggets with drumstick (Moringa oleifera) flower as a source of antioxidants
and dietary fiber [20]. The addition of psyllium husk and fenugreek leaves significantly
improved the fiber content of the goat meat nuggets (Figure S3a–c). Goat meat has high
biological protein, mineral, and vitamin contents, but almost no fiber; therefore, incorpo-
rating fiber and antioxidant fractions into goat meat products is nutritionally beneficial.
The fiber content of the meat products increased with increasing PH and FL ratios. The
addition of antioxidant and fiber contents to meat products improves their nutritional
quality compared to traditional meat products [10]. The effect of goat meat with psyllium
husk and fenugreek leaves on the OA of the meat products is shown in Figure S4a–c. The
higher percentage of goat meat values demonstrated higher acceptability of meat products,
with the incorporation of fenugreek leaves and psyllium husk showing a slightly negative
effect on acceptability. A similar trend was indicated by previous research during the
incorporation of antioxidants and dietary fiber [10]. The functional additives and ingre-
dients obtained from natural sources proved to be of great nutritional value [50]. These
functional additives influence the physicochemical properties of meat products and enrich
their nutritional and functional values.

The synergistic effect of phytochemicals, improving bioavailability of nutrients and
gastrointestinal function and facilitating mechanisms of nutrient absorption, results in
better control and management of systemic issues, such as diabetes mellitus and cardio-
vascular disease [51–56]. Various human and animal studies revealed the mechanism of
fenugreek leaves and psyllium husk in the mediation of fat reduction [57,58]. These studies
discussed the bioavailability/bio-accessibility of the nutrients related to the chemical and
physical interactions between phenolic and dietary fiber fractions in the digestive tract [58].
Researchers reported the positive relationship between DF and the phenolic fraction and in-
testinal health due to the scavenging of free radicals and the effects of DF pro-oxidants [52],
thereby constructing a healthy antioxidant atmosphere in the lumen [59]. Due to the partial
fermentation of DF and phenolic compounds, non-absorbable and non-fermentable forms
of DF reach the large intestine [60]. Short-chain fatty acids (SCFA), released during partial
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fermentation, act synergistically with phenolics (antioxidants) and modulate the expression
of genes associated with several CVDs [61]. DF also significantly affects the bioavailability,
microbial composition, and gastrointestinal digestion of nutrients. DF is also known to
alter the mechanism of absorption in humans and animals [62]. Insoluble dietary fiber
(IDF) is related to the regulation of the intestinal tract, although soluble fiber (SDF) is
linked to the reduction in cholesterol levels and the absorption of intestinal glucose [30].
Decreased cholesterol reabsorption was observed in the in vitro human digestive model
(Table S2). The soluble fiber fraction binds with the bile acids in the small intestine, forming
a complex that prevents bile reabsorption from the small intestine. This improves the
production and secretion of bile acids to replace lost acids [63]. Subsequently, fat and
cholesterol are withdrawn from the circulation to produce bile acids, thus lowering blood
cholesterol levels [64]. Bile acids, which are synthesized in the liver from cholesterol, are
secreted into the intestine (small), which is the main cholesterol metabolism pathway. Bile
acids are reabsorbed in the ileum and recycled to the liver for further secretion into the
small intestine by enterohepatic circulation, subsequently reducing the ratio of bile acid
synthesis [65].

5. Conclusions

Optimal functional additives may substantially enhance a processed food product’s
nutritional value without any significant effect on its OA and taste/texture/shelf-life. A
simulated in vitro human digestive model suggested better cholesterol management for
the final product with optimal functional ingredients. The fat-attenuated composition
of goat meat nuggets with optimum functional additives (FL and PH) was prescribed
and successfully validated. The composition is available for further enhancement and
modifications as per specific requirements.

Supplementary Materials: The following are available online at https://www.mdpi.com/2227-971
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Response optimizer module; Table S4: Composition of optimized and control nuggets.
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