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ABSTRACT
Aim

Present study was conducted with a theme to develop yoghurt spread from goat milk owing to its therapeutic significance and
ameliorate nutritional value and quality of the finished product via supplementation of chia seed oil.
Methodology

Four treatments (T0, T1, T2 and T3) possessing varying concentrations of chia seed oil (0, 2, 4 and 6%) were formulated and the
first was opted as control. Samples were evaluated on 0th, 10th and 20th day for physicochemical (pH, acidity, TSS, total protein,
fat), microbiological (total plate count) and sensory acceptance.
Results

Significant changes (increasing or decreasing trends) were perceived in all physicochemical parameters as the storage span progressed however minute differences were observed among different treatments except moisture content which varied significantly
among different formulations. Total microbial count also increased with increase in storage days however decreased with increase
in concentration of chia seed oil. Sensorial attributes particularly product acceptability was considerably reduced at the end of
storage period.
Conclusion

Generally, addition of chia seed oil at different concentration to yoghurt spread improves the sensory properties and overall acceptability, extends the shelf life and enhances nutrition values. Goat milk is preferable to cow milk owing to essential nutrients it
provides to infants and substantial therapeutic significance.
Keywords

Yoghurt spread; Goat milk; Chia seed oil; Qualitative valorization; Shelf life.
INTRODUCTION

I

n the dairy industry, fermentation yields miscellaneous conventional and commercial milk products, being prepared and
consumed by people in various parts around the globe.1 From a
nutritional point of view, fermented products boost diet and are
advantageous providing numerous health promoting elements.2,3
These products favorably supplement the diet and provide elements vital for growth and good health. On account of therapeutic
and nutritional significance, there is a rising interest towards pro-

ductivity of goat milk.4 Goat milk producers throughout the world
are adopting value adding strategies to produce a variety of products.4,5 Owing to their conspicuous potentiality, different products
obtained from goat milk have beneficial aspects in medicinal and
nutritional domains.6 Additionally, goat milk is preferable to cow
milk owing to essentials nutrients it provides to infants and the
substantial therapeutic role.7
Yoghurt spread is a concentrated yoghurt; a vital source
of protein having thick consistency (21-26% total solids and
9-11% fat proportion). It encompasses a multitude of minerals
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e.g. phosphorus, zinc, molybdenum, iodine, calcium, potassium
as well as vitamins and crude protein.8 Anciently, it was manufactured by straining milk set yoghurt for whey removal and cloth
bags were normally used for this purpose.9 In recent times, certain
improved strategies such as ultrafiltration and centrifugation have
replaced the conventional mechanism at industrial level. The taste
of yoghurt spread is very similar to that of sour cream and cottage cheese owing to the release of diacetyl during fermentation
that imparts a particular strong flavor to it.10 It can be stored and
utilized within two-weeks of production; however, shelf life can be
extended up to two-years via supplementation of different oils as
they modify sensorial attributes and enhance palatability.11

Herbs e.g. cinnamon, poppy, mint and basil were purchased from
Montgomery market of Faisalabad city and applied in the form
of powder. Commercially used chia oil with brand name “NUTARIK” and various spices i.e. salt, black pepper and sugar were
also bought from local markets.

There is a strong link between the consumption of lipids
and various heart diseases such as chronic heart disease (CHD),
cancer and depression. To overcome this issue, food and nutrition
research has put more consideration in replacing saturated fatty
acids and trans fat with unsaturated fatty acids as they play many
beneficial roles in human body by reducing inflammation, cholesterol level and stabilize heart beats.12 Therefore, polyunsaturated
fatty acids (PUFAs) also called beneficial fats should be supplied
through dietary intake at an adequate level as human body is not
capable to produce them. The widespread use of plant oils is mainly due to high proportion of PUFAs. Tiny black seeds of chia plant
(Salvia hispanica) are rich in protein (16-24%), oil (20-33%), dietary
fiber (18-30%), carbohydrates (25-41%), vitamin-B and mineral
matter.13 Their nutritional benefits are well-documented and highly
acknowledged. Chia oil is extremely salubrious as α-linolenic and
linoleic fatty acids encompass 80% of fatty acid proportion.14

Methods
Yoghurt spread formulation: Whole goat milk was pasteurized (72

C for 30-minutes) and rendered free from microbial contaminants
followed by homogenization at 4000 bar pressure using FT9 (single stage) homogenizer. Inoculation with 2% starter culture (Lactobacillus delbrueckii and Streptococcus thermophilus) was accomplished
after cooling at 45 oC and then incubated at 42 oC for 4-5-hours for
initiation of coagulation till yoghurt attained final potential of hydrogen (pH) 4.6-4.7. Afterwards, yoghurt was conveyed to walk-in
cooler set at 4 oC with subsequent addition of 2% NaCl. Straining
of yoghurt was done in cheese cloth bags which were then hanged
overnight for whey drainage under refrigerated environment. Yoghurt spread obtained was then stored in polyvinylchloride containers and herbs were added.5 Fresh yoghurt spread sample served
as control (T0) while three other batches containing chia oil at concentrations of 2, 4 and 6% were formulated and entitled T1, T2 and
T3 respectively (Figure 1).
o

Physicochemical analyses: The samples of yoghurt spread were
analyzed for pH, moisture, ash, acidity, total protein, fat and total
soluble solids (TSS) during storage span after an interval of 10days. Every experiment was performed in triplicate for control as
well as other formulations and average values were documented.

Incorporation of oil in yoghurt significantly improves its
lipids and protein profile as well as supplies essential fatty acids
particularly omega-3 fatty acid.13 Researchers fortified common
yoghurt with 1.4% chia oil which in turn, enhanced the survivability of probiotics in yoghurt, also reducing time of fermentation as
well as improved the viability of lactic acid bacteria.15 An astonishing effect of this oil results in increased satiety when 7-14 g of chia
is consumed in the morning.16 Ingestion of chia seed oil leads to an
increase in high density lipoprotein (HDL) while serum triglycerides, low density lipoproteins (LDL), very low density lipoproteins
(VLDL) are also reduced dramatically.17 It trigger oxidative stress
augmenting hepatic antioxidant capacity and plasma density.18

pH: pH (hydrogen ion concentration) of yoghurt samples was
determined by using pH meter.19 Electrode was standardized following the standard operating procedures (SOPs) and inserted
in the beaker containing sample. Reading displayed on the digital
screen was cautiously documented.

Keeping in view aforementioned facts and findings, objective of present study were to develop yoghurt spread with whole
goat milk fortified with chia oil and to assess qualitative parameters
through physicochemical, microbiological and sensory analyses
during storage with an aim to monitor the degree of amelioration
in contrast to control samples.

Volume of titrant used×Normality of titrant
×Equivalent factor (90)
Acidity(%)=					
×100
		
grams of sample

MATERIALS AND METHODS
Materials

Whole goat milk was procured from Department of Livestock
Management, University of Agriculture Faisalabad, Pakistan.
Mixture of starter culture (Lactobacillus delbrueckii and Streptococcus
thermophilus) was obtained from Institute of Microbiology, UAF.
2

Acidity (%): With the help of Pasteur pipette transferred 20 ml
sample, 99.5% ethyl alcohol, sulphuric acid and 2-3 drops of 1%
phenolphthalein indicator in Erlenmeyer flask and mixed gently.
Titration was carried out with titrant 0.1 N NaOH until color of
solution was changed to pink.20 Volume used for titration was
multiplied with acidity factor according to following formula,

TSS (oBrix): Total soluble solids were measured by digital bench

refractometer. Before using, refractometer was calibrated by
deionized water (0o Brix and refractive index=1.3330) and well
cleaned. An adequate amount of sample was positioned by means
of glass rod on prism surface and viewed in the direction of
light.19 The displayed reading was recorded as % Brix as 1% brix
is equivalent to 1 g sugar/100 g of solution.

Moisture (%): Oven drying method was used to determine mois-

ture by subtracting dry weight from initial weight at a temperature
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Figure 1. Flow Sheet Diagram for Manufacture of Yoghurt Spread from Goat Milk and Supplementation with Culinary Herbs and Chia Seed Oil

maintained at 105±5 oC. Samples were kept in desiccator containing absorbents until constant weight was attained.21
weight of fresh sample-dry sample weight
Moisture (%)=					
×100
			
Sample weight
Ash (%): Samples were burnt on red flame until smoke free and
remaining residue were transferred to a muffle furnace at a temperature not exceeding 550-600 °C for 8-hours until white ash
was obtained.21 Ash percentage was calculated by putting values
in given formula

		
weight of ash
		Ash (%)=		×100
		
Sample weight

(ml standard acid-ml blank)×N of acid×1.4007
Nitrogen (%)=
			
grams of sample
Crude protein (%)=Nitrogen (%)×6.38

Fat (%): Sample was mixed thoroughly to minimize incorporation

of air maintaining temperature at 20 oC. With the aid of automatic
dispenser 10 ml sulfuric acid and appropriate quantity of sample
were poured in butyrometer respectively ensuring the gentle flow.
One (1) ml isoamyl alcohol was later added to the aforementioned
mix. Butyrometer was sealed by a stopper, inverted and placed in
water bath for 5-minutes at 65±2 oC dissolving casein particles
fully and centrifuged it at 1100 rpm for 5-minutes. Again butyrometer tube was placed in water bath to ensure water level was
high enough to heat fat column.22 Fat percentage was observed by
adjusting position of stopper and reading lower meniscus.
Total protein (%): Nitrogen content in yoghurt samples was as-

sessed by means of Kjeldahl apparatus.19 The required amount of
sample (2 g) was digested in the presence of concentrated H2SO4
in digestion flask having digestion mixture (K2SO4:FeSO4:CuSO4
i.e. 94:5:1) until the color of solution changed to light greenish.
Original Research | Volume 7 | Number 1 |

The digested material was then distilled with 250 ml of water.
Ten (10) ml of diluted sample and 10% NaOH was pipetted in
distillation assembly and released ammonia (NH3) was collected
in 4% boric acid solution containing methyl red as an indicator.
Ammonia after reaction with boric acid produced ammonium borate which was then titrated with 0.1 N H2SO4 till it attained the
golden brown color. A blank was also run side by side following
same steps. Crude protein content was estimated by multiplying
nitrogen percent with protein factor (6.38).

Microbial analysis: Seven (7) g nutrient agar was dispersed in
250 ml distilled water and sterilized in an autoclave at 121 °C for
15-20-minutes. Afterwards, it was poured in sterile petri plates
and solidified at room temperature. One (1) g sample from control and each formulation was serially diluted transferring 1 ml
from each test tube to other through Pasteur pipette. This process was continued until 10-7 dilutions were achieved with less
microbial load in last test tube. 0.1 ml aliquot of sample dilution
was added to petri plates following spread plate technique and incubated for 48-hours at 37 °C. The bacterial colonies were developed and counted with colony counter in the range of 30-300.23
For every sample TPC was conducted thrice and average values
were documented. TPC was calculated as average no. of colonies
were multiplied with dilution factor and written as:

Total plate count/gram=Average no. of colonies×dilution factor
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Sensory evaluation: The effect of chia oil on sensory traits of

yoghurt spread was defined by a panel of trained members (10
men and 10 women) using 1-9 hedonic scale including university
students and staff. Panelists were acquainted with sensory assessment techniques and possessed ability to differentiate samples
that can be reproducible and repeatable. These parameters were
judged from like extremely (1) to dislike extremely (9) for flavor,
textureand overall acceptability as described by Hekmat et al.24
For every sample evaluation was conducted thrice and average
values were documented.

Statistical Analysis

Data acquired from various parameters was subjected to statistical
analysis by using software Statistix-8.1. Two factorial completely
randomized design and analysis of variance techniques were applied for the determination of level of significance.25
RESULTS AND DISCUSSION
Physicochemical Analyses
pH: Results denoting mean values for pH of yoghurt spread

PUBLISHERS

supplemented with different concentrations of chia seed oil as
well as control sample are graphically depicted in Figure 2A.
No significant differences were observed with respect to treatments, whereas a fall in pH was depicted significantly (p<0.05)
among storage days. Yoghurt spread exhibited maximum pH in
fresh condition and with the passage of time reduction trend was
perceived. Maximum decrease was observed in T0 and minimum
was found in T3 at the terminal stage of storage span of experiment. Results of this finding correlate with outcomes obtained
EI-Sayed et al26 in which Moringa oleifera oil was added to ameliorate physicochemical and nutritional values of labneh. As the
storage time increased, a decrease in pH was monitored owing
to increase in acidity. Increase in microbial population with time
causes the available lactose to ferment and convert into lactic acid
which contributes majorly to the increase in overall acidity and
subsequently pH drops.20
Acidity (%): Figure 2B depicts the results for mean values of acidity (%) of yoghurt spread supplemented with different concentrations of chia seed oil and control sample. Acidity (%) of yoghurt
spread ranged6 from 1.05 to 1.27. Non-significant decline was noticed among the treatments from T0 to T3 when the concentration

Figure 2. (A) Effect of Chia Seed Oil Supplementation on pH of Yogurt Spread During Storage.T0:Yogurt Spread without
Supplementation; T1: Yogurt Spread with 2% Chia Oil; T2: Yogurt Spread with 4% Chia Oil; T3: Yogurt Spread with 6% Chia
Oil (B) Effect of Chia Seed Oil Supplementation on Acidity (%) of Yogurt Spread During Storage. T0:Yogurt Spread without
Supplementation;T1:Yogurt Spread with 2% Chia Oil;T2:Yogurt Spread with 4% Chia Oil;T3:Yogurt Spread with 6% Chia Oil
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of aforesaid oil was varied. On the other hand increment in acidity (%) was found to be significant as the storage days increased
and with the passage of time an increasing trend was perceived.
Results of our experimentcor related with those obtained by Abilasha et al27 who experienced an increase in percent acidity owing to fermentation of lactose and its conversion into lactic acid.
However, the increase or decrease in quantity of sesame seed oil
did not affected percent acidity of dairy products to an appreciable extent. Increase in microbial population with time causes
the available lactose to ferment and convert into lactic acid which
contributes majorly to the increase in overall acidity.6

TSS (oBrix): Figure 3A depicts the results for mean values of TSS

of yoghurt spread supplemented with different concentrations
of chia seed oil and control sample. Yoghurt spread exhibited
maximum TSS (oBrix) in fresh condition and with the passage
of time a significant reduction trend was perceived. Total solids content was slightly increased with increasing ratio of chia
oil compared with control treatment. Findings of our study are
similar with Abou-Ayana et al8 and Kowaleski et al.28 Increase in
microbial population with time causes the available lactose to ferment which is the prime reason of decline in total solids content.
Moisture (%): Addition of chia oil had significant effects (p<0.05)

Figure 3. (A) Effect of Chia Seed Oil Supplementation on TSS of Yogurt Spread During Storage. T0: Yogurt Spread without Supplementation; T1: Yogurt
Spread with 2% Chia Oil; T2:Yogurt Spread with 4% Chia Oil; T3:Yogurt Spread with 6% Chia Oil (B) Effect of Chia Seed Oil Supplementation on Moisture
(%) of Yogurt Spread During Storage. T0: Yogurt Spread without Supplementation; T1: Yogurt Spread with 2% Chia Oil; T2: Yogurt Spread with 4% Chia Oil;
T3: Yogurt Spread with 6% Chia Oil (C) Effect of Chia Seed Oil Supplementation on Ash (%) of yogurt Spread During Storage. T0: Yogurt Spread without
Supplementation; T1:Yogurt Spread with 2% Chia Oil; T2:Yogurt Spread with 4% Chia Oil; T3:Yogurt Spread with 6% Chia Oil
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on percent moisture content of yoghurt spread as depicted in Figure 3B. Moisture was reduced with increasing oil concentrations.
Yoghurt spread exhibited minimum moisture content in fresh condition and with the passage of time an increasing trend was perceived consequently. Maximum increase was observed in T0 and
minimum was found in T3 at the terminal stage of storage span of
experiment. Miocinovic et al29 conducted qualitative assessment of
goat and cow milk yoghurts. They also stated that an increase in the
concentration of oil withholds the moisture in aforesaid products.
In agreement with these consequences, Kamleh et al30 found an

increase in moisture content with increase in storage time while
inspecting the quality parameters of Halloumi cheese.
Ash (%): The effect of different concentrations of chia oil on ash
content of yoghurt spread during storage has been shown in Figure
3C. There was a non-significant decrease from T0 to T3 however
decrease in ash content was found to be significant as the storage
days increased. Yoghurt spread exhibited maximum ash content in
fresh condition and with the passage of time a decreasing trend
was perceived consequently minimum ash content was noticed at

Figure 4. (A) Effect of Chia Seed Oil Supplementation on Fat (%) of Yogurt Spread During Storage. T0:Yogurt Spread without Supplementation; T1:Yogurt
Spread with 2% Chia Oil;T2:Yogurt Spread with 4% Chia Oil;T3:Yogurt Spread with 6% Chia Oil (B) Effect of Chia Seed Oil Supplementation on Total Protein
(%) of Yogurt Spread During Storage. T0:Yogurt Spread without Supplementation; T1:Yogurt Spread with 2% Chia Oil; T2:Yogurt Spread with 4% Chia Oil; T3:
Yogurt Spread with 6% Chia Oil (C) Effect of Chia Seed Oil Supplementation on Total Plate Count (log10CFU/g) of Yogurt Spread During Storage. T0:Yogurt
Spread without Supplementation; T1:Yogurt Spread with 2% Chia Oil; T2:Yogurt Spread with 4% Chia Oil; T3:Yogurt Spread with 6% Chia Oil.
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20th days of storage. Kucukcetin et al31 worked on qualitative assessment of goat’s milk yoghurt. They also noticed a decrease in
ash content with the passage of time. According to similar observation recorded by Hassabo32 ash content of the concentrated
yoghurt decreased with the addition of oil.
Fat (%): The effect of different concentrations of chia oil on fat
content of yoghurt spread during storage was shown in Figure
4A. Fat content of yoghurt spread ranged from 21.90 to 24.26
as presented in Figure 4A. Non-significant increase was noticed

PUBLISHERS

among the treatments from T0 to T3 when the concentration of
aforesaid oil was varied. On the other hand, decrease in fat content was found to be significant as the storage days increased. The
results were in accordance with Gu et al.33 They analyzed quality
parameters of yoghurt and noticed a decrease in fat content with
the passage of time and accused this decline to lipolysis. Similar
observations were recorded by Zaky et al.34
Total protein (%): Results denoting mean values for protein content of yoghurt spread supplemented with different concentrations

Figure 5. (A) Effect of Chia Seed Oil Supplementation on Flavor of Yogurt Spread During Storage. T0: Yogurt Spread without Supplementation; T1:
Yogurt Spread with 2% Chia Oil; T2: Yogurt Spread with 4% Chia Oil; T3: Yogurt Spread with 6% Chia Oil (B) Effect of Chia Seed Oil Supplementation
on Texture of Yogurt Spread During Storage. T0:Yogurt Spread without Supplementation; T1:Yogurt Spread with 2% Chia Oil; T2:Yogurt Spread with 4%
Chia Oil; T3:Yogurt Spread with 6% Chia Oil (C) Effect of Chia Seed Oil Supplementation on Overall Acceptability of Yogurt Spread During Storage. T0:
Yogurt Spread without Supplementation; T1:Yogurt Spread with 2% Chia Oil; T2:Yogurt Spread with 4% Chia Oil; T3:Yogurt Spread with 6% Chia Oil
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of chia seed oil as well as control sample are graphically depicted
in Figure 4B. Fluctuation in chia oil concentrations had non-significant effects (p>0.05) on protein content of yoghurt spread. Protein content was in between the range of 16.26 to 13.90. Minimum
total protein content was noticed at 20th days of storage. Highest
reduction was observed in T3 and minimum was perceived in T1.
Results of this experiment were correlated with outcomes of Aloglu and Oner who were analyzing the influence of an additive on
chemical and sensory characteristics of labneh.35 Similar narration
was published by Levy et al36 who recorded an identical reduction
trend in protein content of the samples and presented proteolysis
as the major factor responsible for this deterioration.

essentials nutrients it provides to infants and the substantial therapeutic significance.

Microbial analysis: Total plate count of yoghurt spread ranged

from 8.17 to 9.41 log10 CFU g as presented in Figure 4C. Nonsignificant decrease was noticed among the treatments from T0 to
T3 when the concentration of chia seed oil was varied. On the
other hand increase in total plate count (log10 CFU g-1) was found
to be significant as the storage days increased. Maximum increase
was observed in T1 and minimum was found in T3 at the terminal
stage of storage span of experiment. The results were in accordance with Eker and Sibel who noticed an increase in plate count
(log10 CFU g-1) with the passage of time.37 Similar narration was
published by Ahmed and his co-workers in the year 2020.38
-1

Sensory evaluation: Figure 5 (A, B, C) graphically depict sensory
scores of yoghurt spread for control sample and after supplementation with chia seed oil. Yoghurt spread secured maximum sensory scores for texture, flavor and overall acceptability in fresh condition and with the passage of time a reduction trend was perceived
consequently minimum sensory scores were noticed at 20th days
of storage. Maximum decrease was observed in T3 and minimum
was found in T1 at the terminal stage of storage span of experiment. The results obtained by Kibui et al39 supported the results
of sensory evaluation of the current study. Generally, addition
of chia seed oil at different concentration to yoghurt spread improves the sensory properties and acceptability as well as extends
the shelf life and nutritional values as the oil contains appreciable
quantity of polyunsaturated fatty acids in particular α-linoleic acid
and omega-6.
CONCLUSION

Present study revealed that alternating the levels of chia oil as
an additive to yoghurt spread ameliorates its physicochemical
and sensory profile with non-significant differences in different
formulations. However, large extent deterioration is monitored
in TSS, ash, protein and acidity with the passage of time. Utilization of cloth bags for processing yoghurt spread provides a
premium quality product. An increase in the concentration of
chia seed oil withholds moisture and reduces syneresis. Although
pH was reduced significantly upon increase in storage span yet it
promoted the growth of yeast, bacteria and molds. Incorporation
of herbs adds nutritional value and substantially increase the mineral percentage. Generally, addition of chia seed oil at different
concentration to yoghurt spread improves the sensory properties and overall acceptability, extends the shelf life and enhances
nutritional values. Goat milk is preferable to cow milk owing to
8
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ABSTRACT

During a state of trauma, such as injury or surgery, the body’s nutritional needs are expected to increase. The body enters a higher
metabolic state and requires more energy, the immune system is weakened due to stress, and persistent inflammation delays full
return to normal function. Surgical nutritional interventions have demonstrated that targeted nutrition can enhance outcomes in
acute patients and chronic conditions. This paper reviews the state of the clinical evidence on nutrition as a remedy for improving
musculoskeletal and surgical patient outcomes.
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INTRODUCTION

G

lobally, healthcare costs have increased in the last few decades, most notably in the United States-where healthcare
costs have climbed to nearly a quarter of the Gross Domestic
Product.1 Each year an estimated 126.6 million American, one in
every two adults, are affected by musculoskeletal conditions. This
costs an estimated $213 billion in annual treatments and in lost
wages.2 These costs are compounded by delays due to bruising and
slow wound healing. New approaches in the field of musculoskeletal injury treatment and management are attempting to alleviate
these treatment complications for reduced costs and improved patient outcomes. One area that is showing considerable promise is
targeted nutrition. A rapidly expanding body of evidence suggests
that surgical patient outcomes can be enhanced through supplementation with amino acids, protein and other natural compounds.
Stressing the body, whether through exercise or trauma, increases
metabolic demands as an adaptive response to energy utilization
and recovery. During a state of trauma, such as injury or surgery,
the body’s nutritional needs are expected to increase. The body enters a higher metabolic state and requires more energy, the immune
system is weakened due to stress, and persistent inflammation delays full return to normal function. Clinically, the metabolic consequences to stress response includes changes in energy expenditure,
among other physical and behavioral complications. Evidence continues to support the use of clinical nutrition to improve healing
and recovery, especially in musculoskeletal conditions.3-7 This paper reviews the state of the clinical evidence on nutrition as a remedy for improving musculoskeletal and surgical patient outcomes.

Overall malnutrition or nutritional deficiencies impede
the natural progression of healing. A study has shown that most
Americans are not at optimal nutritional status to prevent complications post-trauma and that nearly 50% of patients are undernourished or malnourished.8 Another study which involved
16,000 subjects reported that many Americans were not meeting
the minimum recommended thresholds for micronutrient intake.9
It showed the percentages of American people who are deficient
in some minerals and vitamins as follows: vitamin D, 93%; vitamin E, 91%; magnesium 55%; calcium 49%; vitamin A 45%; and
vitamin C 37%. Thus, undernourished patients face greater complications than properly nourished patients, which include longer
hospital stays, greater risk of infection, and increased mortality.
The combination of increased baseline nutritional needs postinjury or surgery and prevalent undernourishment suggests that
most Americans are not nutritionally equipped to heal optimally.
In some enhanced recovery after surgery (ERAS) protocols, carbohydrate loading improves patient well-being and metabolism. Carbohydrate loading alone, however, is not currently recommended
as an essential routine intervention because it has not shown evidence of accelerating discharge criteria or reducing surgical complications.10 Thus, a more targeted, complete nutrition approach is
required to optimize patient recovery and reduce healthcare costs.
Clinical trials on nutritional interventions in surgery demonstrated that targeted nutrition could enhance outcomes in patients of acute patients and chronic conditions. Enhanced wound
healing, lowered inflammation response, increased muscle mass
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and strength, and decreased muscle atrophy are crucial recovery
objectives for surgical patients, and nutrition has been shown to
support these healing processes. To illustrate the concept of targeted nutrition approach in terms of surgical outcomes and wound
healing, a representative sample of randomized clinical trials from
the literature is presented to detail the key factors involved in a
targeted nutrition.
Vitamins and Amino Acids

Vitamins and essential amino acids (EAAs) play key roles in healing post-surgery. EAAs are a group of amino acids that humans
cannot synthesize and must be supplied from an exogenous diet.11
Patients given EAAs starting 7-days before surgery showed increased satellite cells on the day of surgery and a more favorable
inflammatory environment post-surgery (operative leg p=0.03 for
satellite cells/fiber and p=0.05 for satellite cell proportions for
Type I-associated cells and p=0.05 for satellite cells/fiber for Type
II-associated cells.), indicating that EAA ingestion before surgery
reduces inflammation and improves healing.12 In a double-blind,
placebo-controlled, randomized trial on patients undergoing total
knee arthroplasty (TKA), it was found that EAA supplementation (20 g/day) was a safe and effective method to reduce the loss
of muscle volume in older adults recovering from TKA.3 These
studies emphasize the importance of targeted nutritional supplements for muscle preservation and return to function-critical in
any patient with a surgery that results in significant muscle atrophy such as anterior cruciate ligament reconstruction or anterior
cruciate ligament (ACL) surgery. Essential amino acids are critical
in this role due to their ability to enhance muscle protein synthesis, especially during acute inflammatory stages.13 Non-essential
amino acids are also crucial for surgical healing. One study found
that the addition of glutamine supplementation in surgical patient
care reduced infection rates and shortened the length of hospital
stay.14 Additionally, glutamine supplementation (~0.4 g/kg body
weight/day) decreased the production of pro-inflammatory cytokines in this population; by decreasing inflammation, glutamine
supplementation effectively improved the healing process.
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neutrophils in inflammatory regions.17
Combinations including vitamins, EAAs, and other
key ingredients like alpha lipoic acid (ALA), CoQ10, or resveratrol, similarly showed enhanced healing. Another study found
that twice daily consumption of a mix containing EAA, creatine,
vitamin D and ALA, coenzyme Q10 (CoQ10), and resveratrol
for 12-weeks aids in sarcopenia prevention without physical exercise by improving muscle aging-related outcomes such as muscle
mass, strength, and power.6 This study involved 38 healthy, elderly
subjects who were randomized and allocated into the supplement or placebo group. Significant improvements in vitamin D
blood levels (+11,72 ng/ml; p<0.001), leg fat-free mass(+443.7
g; p<0.05), appendicular lean mass (+0.53 kg; p<0.05), maximal
voluntary contraction (+1.38 kg; p<0.05) and peak power (+9.87
W; p<0.05) were found in the supplement group compared to
placebo.6 This type of study shows not only the physiological
changes that occur after targeted nutritional combination supplementation, but also the types of functional improvements that
are crucial factors in healing from surgery, especially for orthopedic conditions.
Other Key Ingredients

Vitamins have also shown key benefits with regards to
wound healing and reduction of inflammation and pain. A prospective double-blind, placebo-controlled pilot study found that
supplementation of vitamin C and vitamin E, along with zinc was
able to enhance protection against oxidative stress and reduce the
time necessary for wound healing (p<0.001).15 This is a critical
point, as it shows that nutrition plays a major part in preventing the adverse effects of the stress response. The combination
of some of these key nutrients, for example combinations like
glutamine, arginine, and omega-3 fatty acids, have been shown to
improve recovery.16

β-hydroxy β-methylbutyrate: Whether used independently or in
combination therapies, β-hydroxy β-methylbutyric acid (HMB)
has been shown to promote wound healing and diminish muscle
wasting in several studies. Elderly women treated for 12-weeks
with a nutritional supplement containing HMB, arginine, and
lysine had positively altered measurements of functionality,
strength, and fat free mass (all p<0.05).5 At 12-weeks, there was
also a 17% improvement in the “get-up-and-go” functionality test
in the experimental group (-2.3 +/- 0.5 s) but no change in the
placebo group (0.0 +/- 0.5 s; p=0.002). This demonstrates both
the functional metrics and the improvements in muscle mass
possible by nutritional supplements. A double-blind, controlled
12-month study found that HMB in combination with Vitamin
D had a significant benefit on lean body mass. Additionally, these
patients showed improvement in knee extension peak torque versus controls even without an exercise regimen (p=0.04). Overall these findings showed that without exercise, the HMB and
vitamin D supplemented group showed significant increases in
functional outputs compared to those in the control group.7 Interestingly, HMB has also been shown to increase anabolic signaling and reduce muscle damage, while increasing muscle mass and
strength.18,19 Also, HMB has been suggested to directly stimulate
protein synthesis, through an mechanistic target of rapamycin
(mTOR) dependent mechanism.20 With these enhanced functional outcomes, key targeted nutrients like HMB, are essential
to consider in orthopedic and surgical nutritional interventions.

The combination of EAAs and vitamins can have an
additive benefit. In a study, thirteen-weeks of nutritional supplementation with Vitamin D and leucine-enriched whey protein
attenuates the progression of chronic low-grade inflammatory
profile in older sarcopenic persons with mobility limitations.17
This was shown partially by an overall decrease in IL-8 (p=0.03)
after 13-weeks, a key cytokine involved in attracting and activating

A combination of key ingredients in these nutritional
therapies are essential to reduce inflammation and enhance healing. A randomized controlled study included 75 older female
patients with hip fractures and investigated the effects of calcium HMB, vitamin D, and protein supplementation on wound
healing and muscle strength. The study group received an enteral
product containing 3 g Ca HMB, 1000 IU vitamin D, and 36 g

12

Abdelaziz A

Mini Review | Volume 7 | Number 1 |

Adv Food Technol Nutr Sci Open J. 2021; 7(1): 11-14. doi: 10.17140/AFTNSOJ-7-173

protein, in addition to standard post-operative nutrition. Results
indicated that patients on the supplement product demonstrated
accelerated wound healing (p<0.05), shortened immobilization
periods (p=0.001), and increased muscle strength (p=0.026) without changes in body mass index. This study also found reduced
related complications after an orthopedic operation.4
There is a growing body of evidence suggesting that
targeted nutritional supplements enriched with some of these
specific nutrients can have a positive impact on those individuals
under catabolic conditions. In hospitalized patients, supplementation with a high-protein oral nutrition supplement enriched with
HMB was linked to significant improvements in patient related
clinical outcomes.21 Another systematic review of randomized
controlled trial (RCT) studies the effectiveness of HMB supplementation and found that HMB alone or in combination with
amino acids, demonstrated a beneficial effect in mitigating loss of
muscle mass and function in healthy older adults and those with
various conditions.21
Proteases

One key ingredient utilized in oral nutrition for wound healing
in surgical procedures is the protease, bromelain. Proteases are
enzymes that break down protein into amino acids. Bromelain, a
protease derived from the pineapple plant, has clinical evidence
supporting its use as an anti-inflammatory or analgesic, properties
that qualify this protease as an adjunctive treatment for osteoarthritis.22 One randomized, controlled double-blind clinical trial
found that oral bromelain could be effective in pain reduction
(p<0.05) and enhanced wound healing, without increasing the risk
of postoperative bleeding.23 Research has shown that bromelain
can alter cell surface molecules involved in leukocyte homing, cell
adhesion and activation thus, suggesting that bromelain is playing
an anti-inflammatory role by multiple mechanisms.24 Inflammation and slow wound healing are huge hurdles in surgical recovery. A randomized, crossover, placebo-controlled, clinical trial
looked at patients given a forearm skin biopsy, along with an oral
nutritional supplement containing proteases, antioxidants, and
minerals versus placebo. This was to study wound healing. A 17%
improvement in wound healing time in the treated group was attained, as compared to the control group (p<0.005). Also, wounds
were less red, which has been associated with less inflammation.25
CONCLUSION

In conclusion, a significant proportion of the surgical patient
population is considered as being nutritionally compromised.
With incidence of trauma, the body’s nutritional needs increase
above the normal requirements (baseline). An increasing body of
scientific evidence suggests that targeted nutrition supplementation should be utilized in surgical patient care. Overall, such
studies highlight the importance of nutritional supplementation
in wound healing and surgical recovery. This awareness and utilization of nutritional regimens for trauma and surgical patients
also can alleviate the high cost of medical care, in addition to the
desirable outcomes. As more research studies and clinical trials
are conducted, the significant role of nutrition in medical and
Mini Review | Volume 7 | Number 1 |
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clinical care will be further emphasized.
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