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ARTICLE INFO ABSTRACT
Keywords: Herbs and spices are known for their health benefits and thus, commonly used in foods to enhance
Phytochemicals taste, flavour and shelf life. This study produced milk candy with medicinal spices, assessed their

Medicinal plants

- proximate composition, prebiotic, and antioxidant activities using standard methods. Phenol
Functional foods

contents of extracts from Aframomum melegueta (25.40 mg/100g) and Ocimum gratissimum (24.80

EZ?:;C;ZZ?]ZS mg/100g) were not significantly different (p > 0.05). Extracts from Ocimum gratissimum (5.50
Organoleptic mg/100g), Piper guineense (5.50 mg/100g), Cinnamomum burmannii (5.10 mg/100g), and Trig-
Lactose intolerance onella foenum-graecum (5.20 mg/100g) have similar (p > 0.05) terpenoid content. Zones of in-
Prebiotic hibition displayed by the spices against indicator microorganisms ranged from 5.20 mm to 10.30
And lactic acid bacteria mm with MIC values of 50-200 pg/mL. Extracts from Ocimum gratissimum, Aframomum melegueta,

and Xylopia aethiopica scavenged 1, 1-diphenyl-2-picrylhydrazyl (DPPH) with similar (p > 0.05)
values of 90.6 %, 91.5 %, and 92.5 %, respectively. The crude fibre of milk candy with spices
increased from 6.90 to 8.10 % when compared (p > 0.05) to milk candy without spices (3.90 %).
Milk candies with Xylopia aethiopica and Zingiber officinale have the same scavenging activity of
65.80 % against DPPH. Milk candy fortified with Cuminum cyminum supported the growth of
probiotics; Lactobacillus fermentum with the highest values of 8.30 x 10° cfu/mL and 6.90 x 10°
cfu/mL for Lactobacillus acidophilus. Addition of spices to milk candy gain wide acceptance by
consumers due to savory. Medicinal herbs and spices can be successfully incorporated into milk
products to enhance their bio-functional potentials, and to alleviate the intolerance of individual
that are allergic to dairy products.

1. Introduction

Functional foods are more valuable to human health and are able to reduce risks of chronic diseases due to the presence of bioactive
component. Consumers are more interested in functional foods that are beneficial to their body in order to maintain a healthy lifestyle
[1]. The understanding of consumer’s choice, values, and importance of medicinal foods had increased the commercial feat of many
functional foods, ultimately based on taste, appearance, price, health claims and appealing [2]. The major bioactive ingredients in
functional foods are dietary fiber, carotenoids, fatty acids, phenolic acids, flavonoids, isothiocyanates, plant stanols and sterols,
phytoestrogens, protein, vitamins, and minerals [3]. These phytochemicals are therapeutic in nature and adequately present in
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medicinal herbs and spices. Therefore, fortification of milk and milk products with medicinal plants will provide wide putative
functional dairy products with more nutritional values and to help reduce allergic to milk and milk products when consume by certain
individuals [4].

Milk and other dairy products are widely consumed as functional food because of their adequate nutrients but certain people are
allergenic to casein, a-lactalbumin, and p-lactoglobulin in milk [5]. Most adult people are lactose intolerant; unable to digest lactose
completely with different symptoms like; bloating, diarrhea, and abdominal discomfort after consuming milk. Several technologies of
milk processing such as glycation, heat treatment, enzymatic (protease) hydrolysis and fermentation by lactic acid bacteria have been
adopted to partly minimize the allergens of milk products [6,7]. Notably, some of these of methods reduced the nutritional compo-
sition of the milk final products. Alternatively, incorporation of herbs and spices into milk and milk products can reduce the risk
associated with consumption of final products and also improve dietary composition of dairy products [8]. The uses of herbs and spices
in food preparation have been espoused on the basis of its traditional medicine, choice of individual, culture, religious background,
knowledge, attitudes, beliefs and their availability. Medicinal spices such as Aframomum melegueta, Xylopia aethiopica, Monodora
myristica, Ocimum gratissimum, Zingiber officinale, Piper guineense seed, Syzygium aromaticum, Cinnamomum burmannii, Trigonella foe-
num-graecum, Cuminum cyminum, and Foeniculum vulgare are remarkably use in food processing with wide potential applications as
preservatives, colorants, and flavoring agent or food enhancers due to their pharmacological effects [9]. Beyond their culinary uses,
these herbs and spices offer significant health benefits and their pharmacological properties make them valuable tools for promoting
wellness, addressing chronic diseases and life-threatening conditions.

Recently, medicinal herbs and spices have been a major component of raw material in food and pharmaceutical industries due to
their functional bioactive compounds [10]. In recent time, research has noticeably grown into assessing the health benefits of herbs
and spices as potential alternative therapies to mitigate the risk of developing chronic diseases like arthritis, cardiovascular disease,
neurodegenerative conditions, chronic inflammation, cancer, obesity, and diabetes [11,12]. Many of the positive health benefits of
herbs and spices in ameliorating chronic diseases are achieved through the direct action of phytochemicals that target receptors or
enzymes involved in various anti-inflammatory pathways or immune responses [13]. The underutilization of herbs and spices has been
accredited to their intense and distinctive flavour profile, which encompasses bitterness, odour, and spicy pungent, fragrance and sour
notes.

Herbs and spices possess a wide array of functional properties but their potent taste detest certain consumers and therefore, not
adequately accepted by such consumers. This challenge has contributed to the limited uses of medicinal herbs and spices in various
foods, despite their potential to enhance dishes with unique and medicinal benefits [14]. To make the uses of medicinal herbs and
spices more appealing, palatable to consumers as well as to gain wide acceptance by those who are not accustomed to the pungent
flavour, a coating or mixing of herbs and spices with sweet substances such as sugar, honey, milk is required to balance their intense
taste, odour and sometimes overpowering flavour.

Incorporation of herbs and spices into milk and milk-based product can serve as an effective delivery source of functional foods to
consumers, to address the issue of health challenges associated with consumption of milk and milk products, and to improve their
marketing value [4]. Fortification of milk products with herbs and spices may not only enhance the flavour but release the bioactive
ingredients accountable for antimicrobial and antioxidant in the herbs and spices into the final milk products [15]. A number of herbs
and spices renowned for their potent antioxidant, antimicrobial, anti-inflammatory properties, and as flavouring agent to reduce the
uses of chemical additives [10]. The addition of medicinal herbs and spices into milk and milk products may imparts a delightful aroma
and create a harmonious blend of tastes to the final product. Hitherto, there is a few reports on the medicinal uses of herbs and spices in
dairy industry. This study therefore, produced milk candy with medicinal herbs and spices, assessed their nutrient contents, organ-
oleptic properties, antioxidant potentials and ability to support the probiotics growth.

2. Materials and methods
2.1. Reagents used

1,1-diphenyl-2-picrylhydrazyl (DPPH), ethanol, methanol, trichloroacetic acid, iron (II) sulphate, butylated hydroxytoluene (BHT)
were products of Sigma-Aldrich (Steinheim, Germany). Hydrogen peroxide, deoxyribose, and thiobarbituric acid were from Amresco
(Ohio, USA). Fructooligosaccharides, lanthanum chloride were purchased from Sigma-Aldrich Fine Chemicals (St. Louis, MO, USA).
2.2. Collection of spices and other materials

Aframomum melegueta (alligator pepper), Ocimum gratissimum L. (African basil leaves), Syzygium aromaticum L. (clove), Cinnamo-
mum burmannii (cinnamon), Monodora myristica (calabash nutmeg), Zingiber officinale (ginger), Piper guineense (uziza seeds), Xylopia
aethiopica (negro pepper), Trigonella foenum-graecum (fenugreek), Cuminum cyminum (cumin), and Foeniculum vulgare (fennel), powder
milk, butter and sugar were sourced from Lagos and transported to Okitipupa, Nigeria.
2.3. Preparation of extracts from spices

The spices were sorted, cleaned and air dried at 29+2 °C for 7 days. Dried herbs and spices were pulverized into fine powder using

kitchen electric grinder (70-300 mesh, Raylux, China) and stored in air tight container. Spices (100 g) each, were soaked in 1 L of 95 %
(v/v) ethanol and for 48 h with slight shaking at intervals. Thereafter, the solution was filtered with Whatman filter paper Grade 1. The
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filtrates obtained were concentrated using a rotary evaporator (RE-52A, UNION Laboratories, England), and lyophilized in a freeze
dryer (FD-10-MR, Xiangtan Xiangyi instrument Ltd, China) at —65 °C at 0.06 mbar.

2.4. Quantitative determination of phytochemicals in spices

The extracts from spices were screened qualitatively and quantitatively for phenol, flavonoid, alkaloids, terpenoids, steroids, and
saponins, using standard methods described by Sofowora [16], Trease and Evans [17].

2.5. Antimicrobial activity of spices

The indicator microorganisms namely; Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Salmonella typhi, and Candida
albicans were isolated from ready-to —eat foods like meat-pie, egg rolls, rice, and beans using the methods described in Ogidi et al. [18].
The cultural characteristics, and biochemical tests on microorganisms were carried out using standard microbiological methods
described by Cheesbrough [19]. The identity of microorganisms were confirmed by using Cowan and Steel [20]. The antimicrobial
activity of spices was determined using the agar well diffusion methods described by Cheesbrough [19]. Briefly, the indicator mi-
croorganisms were sub-cultured into their respective growth media; nutrient broth for bacteria and yeast extract broth for Candida
albicans. The test tubes were incubated at 37 °C for 24 h for bacteria, while tube with yeast was incubated at 28 °C for 48 h. The
inoculum size was adjusted to 0.5 McFarland turbidity standards. A sterile cotton swab was used aseptically to transfer organism onto
the dried surface of sterile Mueller Hinton Agar plate. A sterile cork borer was used to create wells with a diameter of 4 mm. The spices
extracts were sterilized using a Millipore filter (0.22 pm) before being introduced into the wells in the Petri dishes that had already
been inoculated with indicator microorganisms.

2.6. Antioxidant activities of herbs, spices and produced milk candy

2.6.1. 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay

DPPH free radical assays was performed according to method described by Gyamfi et al. [21] with slight modifications. Briefly,
reaction mixture of 100 pL of the extract in 0.1 M DPPH solution was prepared. After that, the resulting solution in test tubes were
vortexed, and incubated in the dark for 30 min. After which, the absorbance was determined at 517 nm. The control contained only
DPPH solution in methanol instead of sample, while methanol served as the blank. This method was adopted to determine the DPPH
radical scavenging of the spiced-milk candy.

Percentage DPPH radical inhibition was calculated as follows:

Scavenging activity (%) = {(A control —-A sample)/A control} x 100%

2.6.2. Hydroxyl radical scavenging assay

The potential of spices extracts and milk candy to prevent Fe2*/H,0, induced decomposition of deoxyribose was carried out using
the method described by Halliwell et al. [22]. Briefly, the reaction mixture contained spice extract (100 pL), 120 pL of 20 mM
deoxyribose, 400 pL of 0.1 M phosphate buffer (pH 7.4), 40 pL of 500 pM FeSO4, 100 mM EDTA solution, 40 pL of 20 mM hydrogen
peroxide, ascorbic acid (100 pM) and made up to 800 pL total volume with distilled water. After incubating the solution for 30 min at
37°C, 0.5 mL of 2.8 % trichloroacetic acid was added, followed by addition of 0.4 mL of 0.6 % thiobarbituric acid solution. The mixture
was placed in boiling water for 15 min. After cooling, the absorbance was measured at 532 nm in a spectrophotometer. This method
was adopted to determine the hydroxyl radical scavenging of the spiced-milk candy.

The percentage hydroxyl radical scavenging activity was calculated as follows:

Scavenging activity (%) = {(A control -A sample)/A control} x 100%

2.6.3. Iron chelation activity

The Fe?" chelating activity of extract from spices against iron (II) sulphate (FeSO,4) was determined using the methods described by
Puntel et al. [23] with little modification. Briefly, 150 mM FeSO4 was added to a reaction mixture containing 168 pl of 0.1M Tris-HCl
pH 7.4, 218 pl saline (0.9 % NacCl) and extract (100 pl) concentrations of 100 and 200 pg/mL. Thereafter, the mixture was incubated at
27 °C for 5min, before the addition of 13 pl of 0.25 % 1, 10-phenantroline (w/v). The absorbance was subsequently measured at 510
nm. This method was adopted to determine the chelating effect of the spiced-milk candy.

Chelating activity of the spices on iron radical was calculated using this equation:

Scavenging activity (%) = {(A control —-A sample)/A control} x 100%
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2.7. Production of milk candy with spices

Milk candy were produced by heating the ratio of sugar, butter and water (1: 2: 4, wt: wt: v) at 80°C-90 °C. During the heating, the
mixture was constantly stirred using a sterile wooden spatula in a non-stick heating pan for 2-3 min until it melted properly.
Thereafter, the mixture was allowed to cool down to 50 °C, milk and spices (2: 1 wt: wt) with 0.2 g of citric acid were added, stirred
simultaneously to ensure equal distribution and to avoid lumps. The mixture was poured into a sterile tray containing parchment paper
and allowed to cool at room temperature for 10—20 min. The spiced-milk candy was cut into desired shape (Fig. 1a-1) and store in an
airtight container for further study.

2.8. Organoleptic properties of spiced-milk candy

Organoleptic properties were carried out on the spiced-milk candy by trained thirty panelists. The judges scored the samples for
colour, taste (sweet, bitter, sour and salty), texture, characteristics flavour and overall acceptability using a 9-point hedonic scale
ranging from 1 = dislike extremely and 9 = like extremely.

2.9. Proximate composition analysis of spiced-milk candy

Proximate composition (moisture content, ash, crude fiber, fat, crude proteins and carbohydrates contents) of spiced-milk candy
were determined using the standard methods of Association of Official Analytical Chemists [24]. Total carbohydrates was determined
by difference as follows: Carbohydrates (%) = 100 - (% moisture + % fat + % ash + % crude fiber + % crude protein).

2.10. Determination of mineral contents of spiced-milk candy

The samples were ashed in a muffle furnace for 5 h at 600 °C. The ash (2.0 g) was digested in 5 mL of HCI and 2 mL of 5 % v/v
lanthanum chloride. The mixture was boiled, filtered and made up to standard volume with deionized water. Atomic Absorption
Spectrometer (Buck Scientific, Model 200, Inc. East Norwalk, Connecticut, USA) was used at the appropriate wavelength to determine
minerals; Zn, Fe, Ca, and P. Flame photometer (Jenway PFP 7, Staffordshire, UK) was used to determine Na and K contents. Mineral
standard solution at 1000 pg/mL in 1 % v/v HNOs was used for the calibration of atomic absorption spectroscopy.

Fig. 1. (a-1): Milk candy (a) without spice, with spice (b) Ocimum gratissimum, (c) Monodora myristica, (d) Zingiber officinale, (e) Piper guineense, (f)
Aframomum melegueta, (g) Xylopia aethiopica, (h Syzygium aromaticum, (i) Cinnamomum burmannii, (j) Trigonella foenum-graecum (k) Cuminum
cyminum, and (1) Foeniculum vulgare.
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2.11. Prebiotic activity of the spiced-milk candy

Two probiotic strains; Lactobacillus fermentum and Lactobacillus acidophilus were isolated from fermented maize (Ogi) and their
probiotic activity were confirmed using methods of Jose et al. [25]. The growth rate of Lactic acid bacteria in the presence of
spiced-milk candy was determined using the method described by Ogidi et al. [26] with little modifications. Briefly, 10.0 mL of de
Man, Rogosa and Sharpe (MRS) broth in test tubes were sterilized at 121 °C for 15 min and then allowed to cool. Spiced-milk candy;
0.5 g was exposed to UV light for 15 min and later added into MRS broth. The test tubes were inoculated with 100 pL of 10° colony
forming units (CFU) of Lactobacillus fermentum and Lactobacillus acidophilus. Test tube containing MRS broth without any milk candy
served as the negative control. Test tubes with MRS broth and 0.5 g of glucose or fructose oligosaccharides (FOS) serve as positive
controls. The test tubes were incubated at 37 °C for 48 h under anaerobic conditions. After incubation, growth rate of the two pro-
biotics was quantified by measuring their optical cell density using UV spectrophotometer at 620 nm. Thereafter, 100 pl of 10~*
dilution factor of Lactobacillus fermentum and Lactobacillus acidophilus was transferred to MRS agar. Petri dishes were incubated at 37 °C
for 48 h, bacteria colonies were counted and reported in colony forming unit per milliliter (CFU/mL).

2.12. Statistical analysis

Data obtained from the experiment were subjected to one-way Analysis of Variance (ANOVA) using SPSS Statistics version 22.
Mean values and standard deviations were calculated for triplicate analyses. The differences between means were compared using the
New Duncan Multiple Range Test at a significance level of p < 0.05.

3. Results and discussion
3.1. Phytochemical constituents of extracts from spices

The phytochemical constituents of extracts from spices are presented in Table 1. Phytochemical in spice with respect to phenol
content within 9.50-25.40 mg/100g, flavonoid ranging from 6.90 to 11.10 mg/100g, alkaloid is 5.20-13.10 mg/100g and terpenoid is
3.00-5.50 mg/100g. Phytochemicals are biologically active, naturally occurring chemical compounds found in plants and offered
potential therapeutic benefits beyond attributed macronutrients and micronutrients [27]. The phenol content in extracts from Afra-
momum melegueta (25.40 mg/100g) and Ocimum gratissimum (24.80 mg/100g) were not significantly different (p > 0.05). Phyto-
chemicals such as phenol, saponin, alkaloids, flavonoids, terpenoids, cardiac glycoside, and tannins are considered secondary
metabolites in plants responsible for antioxidant properties, antimicrobial activities, enzyme detoxification regulation, immune system
modulation, hormone metabolism, and anticancer property [28]. The traditional uses of Syzygium aromaticum as food preservation and
other various pharmacological activities has been connected to its rich phytochemicals [29]. Findings of Rather et al. [30] revealed the
presence of phenols, phenolic glycosides, and volatile aroma compounds such as transanethole, estragole, and fenchone as the major
bioactive constituents of Foeniculum vulgare. The finding of Ogwu et al. [31] revealed that the medicinal properties of different herbs
and spices with distinctive aroma or fragrance attributed to presence of various phytochemical constituents, which include phenols,
myristicin, limonene, beta-fatty acids, flavonoids, caryophyllene, pinene, terpenoids, tannins, steroids, glycosides, carotenoids, al-
kaloids, vitamins, and minerals. The presence of these bioactive compounds in aromatic spices and herbs contributed to their eth-
nomedicinal uses as better alternative choice that can be incorporated into food products.

3.2. Antimicrobial and antioxidants potentials of the extracts from spices

Table 2 shows the zones of inhibition exhibited by the extracts from spices against tested microorganisms. Extract from Aframomum

Table 1

Phytochemical constituents (mg/100g) of extracts from spices.
Extracts Phenol Flavonoid Steroid Terpenoid Saponin Alkaloid
AP 25.40 + 1.60° 10.40 + 0.20° 0.70 + 0.00° 4.80 + 0.20° 0.40 + 0.00° 8.50 + 0.10°
NP 21.10 + 0.70° 8.60 + 0.10° 0.90 + 0.00° 3.00 + 0.019¢ 0.70 + 0.00° 6.90 +0.01 ¢
CN 17.70 + 0.51¢ 7.80 +0.20 ¢ 1.30 + 0.00° 3.10 + 0.00% 0.40 + 0.00° 9.40 + 0.70°
AB 24.80 + 1.40° 10.30 + 0.50° 1.80 + 0.01% 5.50 + 0.10% 0.70 + 0.00° 8.90 + 0.12¢
GG 21.90 + 0.21° 7.70 + 0.40 ¢ 0.80 + 0.00° 3.80 + 0.06¢ 0.70 + 0.00° 11.10 + 0.00°
uu 9.60 + 0.21° 5.80 + 0.20° 1.40 + 0.00° 5.50 + 0.15% 0.50 + 0.00° 5.50 + 0.07°
cc 21.00 + 2.40° 6.90 + 0.21° 1.30 + 0.01° 3.90 + 0.10¢ 0.40 + 0.01° 13.10 + 0.60°
a1 17.10 + 1.30° 9.80 + 0.30° 0.50 + 0.00 ¢ 5.10 + 0.00% 0.40 + 0.00° 12.80 + 0.20°
FE 11.20 + 0.33¢ 6.60 + 0.00° 0.70 + 0.00° 5.20 + 0.00% 1.10 + 0.00° 5.70 + 0.00°
cu 9.50 + 0.02° 5.80 + 0.01f 0.80 + 0.00° 4.60 + 0.00° 0.90 + 0.00% 7.05 +0.00 ¢
FN 10.60 + 0.11¢ 5.70 + 0.00° 0.60 + 0.00 ¢ 4.40 + 0.00° 0.90 + 0.00° 6.10 + 0.00°

Values within the same column sharing the same alphabet are not significantly different (p > 0.05).

Key: Extract from AP: Aframomum melegueta, NP: Xylopia aethiopica, CN: Monodora myristica, AB: Ocimum gratissimum, GG: Zingiber officinale, UU:
Piper guineense seed, CC: Syzygium aromaticum, CI: Cinnamomum burmannii, FE: Trigonella foenum-graecum, CU Cuminum cyminum, and FN: Foeniculum
vulgare.
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Table 2

Zones of inhibition (mm) at 100 pg/mL, MIC (ug/ml) and MBC (pg/ml) of extract against indicator microorganisms.
Extracts S. aureus Klebsiella pneumoniae E. coli Salmonella typhi Candida albicans MIC MBC
AP 9.00 + 0.00" 10.30 + 0.20° 9.30 + 0.40" 7.50 + 0.00° 8.00 + 0.00° 50-200 50 - > 200
NP 6.50 + 0.02¢ 8.00 + 0.01° 6.60 + 0.00° 6.80 + 0.00 * 9.10 + 0.03" 50-150 100-200
CN 8.00 + 0.00" 7.50 + 0.00° 7.20 + 0.00¢ 9.10 + 0.11° 8.00 + 0.01° 50-150 100 — > 200
AB 7.30 + 0.01¢ 6.70 + 0.00°¢ 7.80 =+ 0.00% 6.80 + 0.02°¢ 7.80 + 0.01¢ 50-200 100-200
GG 7.60 + 0.00° 8.20 + 0.10° 8.20 + 0.10° 8.80 + 0.10° 8.00 + 0.00° 50-150 100-200
uu 5.40 + 0.00° 7.40 + 0.00° 6.60 + 0.02° 7.60 + 0.07° 8.80 + 0.00" 50-200 50 — > 200
cc 7.40 + 0.00° 8.20 + 0.30° 7.10 + 0.01¢ 9.30 + 0.03" 9.00 + 0.00° 50-200 50-200
I 8.10 + 0.02" 7.60 + 0.11°¢ 7.10 + 0.01¢ 7.50 + 0.01° 6.50 + 0.01¢ 50-150 100 - > 200
FE 5.50 + 0.00° 6.10 + 0.00¢ 0.0 6.20 + 0.00 ¢ 6.00 + 0.00¢ 100-150 100 — > 200
cu 5.20 + 0.00° 5.80 + 0.00¢ 0.0 0.0 7.50 + 0.00% 100-200 100 — > 200
FN 6.10 + 0.00¢ 5.80 + 0.00¢ 6.60 =+ 0.00° 5.80 + 0.00¢ 6.40 + 0.00¢ 50-150 100 - > 200
GT 11.0 + 0.10% 10.40 + 0.22° 11.30 + 0.30° 10.10 + 0.31° ND ND ND
KT ND ND ND ND 11.90 + 0.70° ND ND

Values within the same column sharing the same alphabet are not significantly different (p > 0.05).

Keys: Extract from AP: Aframomum melegueta, NP: Xylopia aethiopica, CN: Monodora myristica, AB: Ocimum gratissimum, GG: Zingiber officinale, UU:
Piper guineense seed, CC: Syzygium aromaticum, CI: Cinnamomum burmannii, FE: Trigonella foenum-graecum, CU Cuminum cyminum, FN: Foeniculum
vulgare, GT: gentamycin and KT: ketoconazole, 0.0: no inhibition at 200 pg/mL (MIC and MBC >200 pg/mL), ND: not detected.

melegueta had the highest inhibited zone of 10.30 mm against Klebsiella pneumoniae and similar (p < 0.05) to the inhibitory activity
(10.40 mm) of gentamycin against Klebsiella pneumoniae. Findings of Olajuyigbe et al. [32] revealed that Aframomum melegueta dis-
played antibacterial activity against the different multidrug-resistant bacteria of clinical importance such as Staphylococcus aureus,
Klebsiella pneumoniae, Aeromonas hydrophila, Pseudomonas aeruginosa, and Plesiomonas shigelloides with inhibition zones ranging be-
tween 12.0 mm and 14.0 mm. Syzygium aromaticum inhibited the growth of Salmonella Typhi with zone of inhibition of 9.30 mm.
Findings of Kiralan and Ketenoglu [33] revealed the antimicrobial activity of clove extracts against selected food spoilage microor-
ganisms such as Bacillus subtilis, Staphylococcus. Syzygium aromaticum is used as a natural, non-harmful preservative, flavoring additive
in food products due to its antimicrobial, antioxidant, and preservative properties [34]. Extract from Xylopia aethiopica inhibited
Candida albicans with zones of inhibition 9.40 mm. Xylopia aethiopica is rich in diverse phytonutrients with antimicrobial potential and
can be a very good alternative source of food [35]. The extracts of O. gratissimum inhibited the growth of, Staphylococcus aureus,
Pseudomonas aeruginosa, E. coli, and Bacillus cereus [36]. The findings of Batiha et al. [37] revealed that S. aromaticum inhibited various
actions of pathogens like Theileria, Plasmodium, Babesia, Herpes simplex, and hepatitis C viruses. Phyto-constituents detected in the
extract of Syzygium aromaticum was responsible for the antioxidant and antimicrobial activities [38]. Antimicrobial properties of herbs
and spices demonstrate their potential uses in milk and dairy product as they effectively regulated the proliferation of spoilage and
pathogenic microorganisms. The studied extracts from the herbs and spices inhibited gram negative, gram positive bacteria and yeast.
The extracts from spices possessed MIC of 50-200 pg/mL, while MBC was within 50-200 pg/mL. Okechukwu et al. [39] revealed the
antibacterial efficacy of essential oil from M. myristica against Staphylococcus aureus ATCC 27840 and Escherichia coli 0157 at con-
centration of 50-75 pg/mL. Ethanolic extracts of Cuminum cyminum, Punica granatum, Syzygium aromaticum, Thymus vulgaris, and
Zingiber officinales were potentially effective with bacteriostatic and bactericidal activities against foodborne pathogenic bacteria with
MIC values of 2.5-5.0 mg/mL and MBC of 5.0 and 12.5 mg/mL [40]. Medicinal spices possessed significant antibacterial, and anti-
fungal activities and, making them a promising source for the development of novel and safe antimicrobial agents. Natural antimi-
crobial agents are currently needed in food industry to inhibit spoilage-causing microorganisms, to extend the shelf-life and increase
the safety of food products [41].

The scavenging activities of extracts from Aframomum melegueta (91.5 %), Xylopia aethiopica (92.5 %), Ocimum gratissimum (90.6 %)
and BTH (93.6 %) against DPPH are not significantly different (p < 0.05) at 200 pg/mL (Fig. 2a—c). The values of 82.1 and 84.4 %,
respectively obtained for DPPH scavenging activity of Monodora myristica and Syzygium aromaticum extracts are similar (p < 0.05).
Zingiber officinale and Cuminum cyminum also have similar scavenging activity of 74.3 and 74.4 % against DPPH. Extracts from
Syzygium aromaticum have the highest chelating effect of 84.6 % against Fe. Iron chelating effect of Zingiber officinale (78.30 %) and
Aframomum melegueta (78.60 %) were not significantly different (p < 0.05). Monodora myristica, Trigonella foenum-graecum, and Piper
guineense displayed similar (p < 0.05) chelating effect of 75.80 %, 74.90 %, and 74.40 % against Fe. Monodora myristica demonstrated
antioxidant capacity against 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging, ferric reducing power, and total antioxidant
capacity in studies of Okechukwu et al. [39]. Trigonella foenum-graecum shows a good antioxidant activity. The antioxidant and
biological activities of Trigonella foenum-graecum attributed to the presence of palmitic acid and phytol as detected by GC-MS analysis
[42]. Linoleic acid, a-linolenic acid, sterols, tocopherols, and fatty acids are the bioactive constituents of fenugreek seeds, which
contribute to its potential applications in the food and pharmaceutical industries [43]. Quercetin, quercitrin, rutin, ellagic acid,
chlorogenic acid, caffeic acid, and isoquercitrin are the phenolic compounds in the extracts of Ocimum spp, Xylopia aethiopica, and Piper
guineensis, which are the major compounds responsible for antioxidant properties [44,45]. The consumption of aromatic herbs and
spices play a very significant role in defence against oxidative reactions and microbial infections, and thus, possessing better activities
over synthetic drugs.
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Fig. 2. (a—c): Antioxidant activities of extracts from herbs and spices against (a) DPPH, (b) OH™, and (c) Fe at 100 pg/mL and 200 pg/mL

Scavenging activity against DPPH, OH and Fe with similar alphabet were not significantly different from each other at p < 0.05. Error bars in the
figure represent standard deviations (SD).

Keys: Extract from AP: Aframomum melegueta, NP: Xylopia aethiopica, CN: Monodora myristica, AB: Ocimum gratissimum, GG: Zingiber officinale, UU:
Piper guineense seed, CC: Syzygium aromaticum, CI: Cinnamomum burmannii, FE: Trigonella foenum-graecum, CU Cuminum cyminum, FN: Foeniculum
vulgare, and BHT: butylated hydroxytoluene.

3.3. Organoleptic properties of spiced milk candy

The organoleptic properties of spiced milk candies are presented in Table 3. The sensory scores showed that all the spiced-milk
candies were accepted by the panelists. Addition of spices into milk candy contributed to the colour (Fig. 1a-1) and appealed to
consumers appreciated to the fragrance, tatse and savoury of spices in the candy. The findings is similar to Shukla and Kandra [46]. The
researchers attributed the consumer acceptance of 'Nutra’ candy, in terms of flavour, colour, and texture to the addition of Sesamum
indicum seeds and Phoenix dactylifera. The findings of Kailey et al. [47] revealed that consumer accepted candy produced with Foe-
niculum vulgare. The wide acceptance of spiced-milk candy by consumers establish that vital component of the spices has been
effectively absorbed into milk candy, thereby contributing to its flavour as well as increasing its palatability.
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Table 3

Organoleptic properties of spiced milk candy.
Samples Colour Taste Aroma Texture Mouth feel flavour General acceptability
ccr 8.00 + 0.00* 6.20 + 0.00 > 6.70 + 0.03° 6.70 + 0.01¢ 7.00 + 0.03° 6.10 + 0.00° 6.70 + 0.03°
CAP 7.70 + 0.03* 6.70 + 0.00° 7.00 + 0.02° 7.70 + 0.03" 7.00 + 0.01° 8.00 + 1.00° 7.60 + 0.03*
CNP 7.70 + 0.01% 7.00 + 0.00% 7.70 + 0.05% 8.70 + 0.03% 7.20 + 0.01° 8.00 + 0.30° 7.60 + 0.00°
CCN 7.20 + 0.04° 6.20 + 0.00° 7.00 + 0.01° 6.00 +0.01¢ 7.00 + 0.00° 7.80 + 0.00° 7.40 + 0.10%
CAB 7.30 + 0.01° 6.20 + 0.00° 6.70 + 0.00° 6.60 + 0.00° 7.00 + 0.20° 7.50 + 0.01° 7.50 + 0.00%
CGG 7.00 + 0.02° 7.00 + 0.01% 7.25 + 0.00° 6.25 + 0.00¢ 7.00 + 0.01° 8.00 + 0.03% 7.50 + 0.00%
cuu 6.75 + 0.00° 6.75 + 0.01° 6.80 + 0.01° 6.25 + 0.03 ¢ 6.70 + 0.21¢ 7.80 + 0.01° 7.70 + 0.10°
cce 7.40 + 0.00° 7.20 + 0.00* 6.70 + 0.05° 7.50 + 0.03" 6.80 + 0.17¢ 7.90 + 0.09° 7.70 + 0.00%
ccI 6.50 + 0.60° 6.30 + 0.00° 6.70 + 0.03° 6.50 + 0.00° 6.50 + 0.00° 7.50 + 0.05° 7.50 + 0.03*
CFE 7.50 + 0.40° 6.80 + 0.01° 7.70 + 0.00% 8.70 + 0.02* 7.60 + 0.20° 8.00 + 0.00° 7.70 + 0.01?
ccu 6.80 + 0.11° 6.50 + 0.00° 7.00 + 0.00" 6.70 + 0.01¢ 7.50 + 0.03% 7.80 + 0.00° 7.50 + 0.05%
CFN 7.20 + 0.37° 6.60 + 0.00" 8.20 + 0.00% 7.60 + 0.10" 7.50 + 0.03% 7.80 + 0.01% 7.40 + 0.00%

Values within the same column sharing the same alphabet are not significantly different (p > 0.05).

Key: CCT: milk candy without spices, milk candy with CAP: Aframomum melegueta, CNP: Xylopia aethiopica, CCN: Monodora myristica, CAB: Ocimum
gratissimum, CGG: Zingiber officinale powder, CUU: Piper guineense seed, CCC: Syzygium aromaticum, CCI: Cinnamomum burmannii, CFE: Trigonella
foenum-graecum, CCU: Cuminum cyminum, and CFN: Foeniculum vulgare.

3.4. Proximate composition of spiced milk candy

Table 4 shows the proximate composition of spiced-milk candy and milk candy without spices. The moisture content of non-spiced
milk candy was the highest (p < 0.05) as 10.90 %. High moisture content of food products support the growth of bacteria, yeasts, mold
and expose it to early spoilage. The findings of Acuff et al. [48] revealed that food samples with relatively high moisture content are
more susceptible to microbial invasion over time if not properly stored. The inclusion of spices in the milk candy reduced their
moisture content with values ranging from 6.50 to 7.60 %. The lower moisture content of spiced milk candy is an indication that the
lower water activity will hinder the growth of certain microorganisms. Moisture content of food serve as an index of its water activity, a
parameter of significant importance in assessing the stability and microbial spoilage potential of food products [49]. The final water
content of food product significantly influences its texture and shelf life. Water activity or the relative vapor pressure of water in the
confection is an important parameter often used to describe microbial stability, texture, shelf life and water migration during storage
[50]. Milk candy fortified with spices entrust their candy with longer shelf life, and limit deterioration in terms of quality or taste due to
inability of microbial colonization or activities [51]. Hence, aromatic herbs and spices can serve as natural preservatives in food. Crude
fibre content was higher in the functional and spiced-milk candy with value ranged from 6.90 to 8.10 %, while the milk candy without
spices has the lowest value of 3.90 %. The addition of spices contributed to an increase in the crude fiber content of the spiced-milk
candy. Crude fibre has physiological effects on the gastrointestinal tract, sterol metabolism and stool weight and thus, helps to
maintain or stabilise human health and to reduce cholesterol of the body [52]. Food with lower crude fibre is undesirable and has been
associated with constipation, heart diseases, phlebitis, obesity, cancer of the colon, and diabetes. Crude fibre adds bulk to food, reduces
the intake of excess starchy food and hence, guards against metabolic condition such as hypertension and diabetes mellitus [53]. The
incorporation of herbs and spices into milk candy will reduce metabolic digestive disorders such as constipation and irritable bowel
associated deficiency of crude fibre in foods.

Addition of herbs and spices into milk candy did not reduce the protein content (9.50-10.10 %). This indicates that incorporating
herbs or spices into milk candy make the protein available for consumers. Protein is a macronutrient that is essential for muscle

Table 4

Proximate composition (%) of milk candy produced with medicinal spices.
Samples Moisture Fat Crude fibre Protein Ash Carbohydrates
ccT 10.90 + 0.15% 8.10 + 0.02* 3.90 + 0.05¢ 9.60 + 0.06" 0.93 + 0.06° 65.80 + 0.234
CAP 6.50 + 0.26° 6.20 + 0.06" 7.60 + 0.12° 9.80 + 0.122 1.30 + 0.06° 68.20 + 0.12°
CNP 7.60 + 0.21° 5.50 +0.15¢ 7.90 + 0.20° 9.60 + 0.10° 1.15 + 0.01° 68.25 + 0.47°
CCN 6.20 + 0.12¢ 5.90 + 0.21¢ 7.10 + 0.01¢ 10.10 + 0.41° 1.20 + 0.01° 69.50 + 0.13°
CAB 6.50 + 0.26° 6.00 + 0.15° 7.90 + 0.122 9.50 + 0.15° 1.45 + 0.01° 68.65 + 1.01°
CGG 6.90 + 0.12 > 6.10 + 0.15" 8.10 £ 0.15% 10.00 =+ 0.05% 1.45 + 0.00° 67.45 + 0.16°
CcuU 7.00 + 0.15 > 6.20 + 0.12° 7.40 + 0.00° 10.00 + 0.20° 1.20 + 0.00° 68.10 + 0.23°
cce 7.30 + 0.15" 6.30 + 0.06" 7.70 + 0.15" 9.50 + 0.15" 1.60 + 0.00° 67.60 + 0.31°
ccl 7.30 + 0.20° 5.90 + 0.23° 7.60 + 0.26" 9.80 + 0.04* 1.20 + 0.00° 68.60 + 0.60°
CFE 7.45 + 0.10° 6.00 + 0.00° 8.00 + 0.03? 10.00 + 0.12° 1.10 + 0.00° 67.35 =+ 0.90°
ccu 6.80 + 0.03 > 6.10 + 0.00 7.60 + 0.03" 9.80 + 0.02* 1.10 + 0.00° 68.60 + 1.05°
CFN 7.10 + 0.00 > 6.00 + 0.02° 6.90 + 0.03° 9.90 + 0.112 1.30 + 0.00° 68.80 + 2.07°

Values within the same column having the same alphabet are not significantly different (p > 0.05).

Key: CCT: milk candy without spices, milk candy with CAP: Aframomum melegueta, CNP: Xylopia aethiopica, CCN: Monodora myristica, CAB: Ocimum
gratissimum, CGG: Zingiber officinale powder, CUU: Piper guineense seed, CCC: Syzygium aromaticum, CCI: Cinnamomum burmannii, CFE: Trigonella
foenum-graecum, CCU: Cuminum cyminum, and CFN: Foeniculum vulgare.
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growth, repair and various metabolic functions [54]. There was increase in the ash content from 0.93 % to 1.60 %, which could be
attributed to the inclusion of spices into milk candy. The ash content in this present study is in accordance with the findings of Dhawan
et al. [55], the researcher reported increased in ash content of matcha-based hard candy due to the presence of ginger (Zingiber
officinale), cinnamon (Cinnamomum zeylanicum and Cinnamon cassia), and holy basil (Ocimum sanctum). The increase in ash content
could be from availability of micro and macro-element in herbs and spices that are essential for various metabolic functions [56]. The
fat content of milk candy without spices (9.08 %) was found to be the highest when compared (p < 0.05) to others with values ranging
from 5.50 to 6.20 %. Confections without herbs or spices are often high in sugar and fat, which can contribute to their rejection by
adults and immunocompromised individuals due to their health concerns. Addition of spices into milk candy decrease their fat content.
Inclusion of basil, bay leaf, black pepper, cinnamon, coriander, cumin, ginger, oregano, red pepper, parsley, rosemary, thyme, and
turmeric into foods have been suggested to be highly essential in suppressing the negative effects of cholesterol, overweight or obesity,
reduce postprandial inflammation and concurrently attenuate chronic low-grade inflammation [57]. The carbohydrates content of
spiced-milk candy ranged from 67.35 % to 69.50 %. The carbohydrates content of 89.41 %-91.41 % was obtained in the study of
Dhawan et al. [55].

3.5. Mineral composition of spiced-milk candy

Table 5 shows the mineral composition of non-spiced and spiced milk candy. Inclusion of spices to enrich the milk candy increase
the macro and micro minerals needed for the body and thus, making spiced-milk candy a healthy food for man. Milk candy fortified
with spices stood out for their high levels of essential minerals particularly potassium, iron, zinc, phosphorus and calcium. Potassium
content of spiced-milk candy ranging from 215.10 to 432.50 mg/100g, while the milk candy without spice had 73.30 mg/100g.
Potassium is essential for maintaining proper nerve and muscle function, as well as regulating blood pressure. It is noteworthy that
potassium-rich foods are often recommended for individuals with hypertension or those at risk of cardiovascular diseases [58]. The
iron content of spiced-milk candy is within 76.30 mg/100g to 142.40 mg/100g with the highest value obtained in milk candy produced
with Xylopia aethiopica. Milk candy fortified with Aframomum melegueta had the highest zinc of 133.60 mg/100g, followed by milk
candies with Piper guineense (105.60 mg/100g) and Ocimum gratissimum (101.80 mg/100g). Zinc is widely distributed in medicinal
plants and can be incorporated into man’s foods as better alternative source. Zinc is a trace element in diabetes as co-factors for insulin
and its deficiency symptoms include hypogonadism, growth failure, impaired wound healing, and decreased taste and smell acuity
[59]. However, the availability of zinc in spiced-milk candy will aid in the prevention of its deficiency symptoms and associated
diseases. The addition of spice into milk candy increase the calcium content considerably from 51.70 to 106.90 mg/100g. Calcium is
essential for bone and teeth formulation, blood and extracellular fluid, necessary for normal functioning of cardiac muscles, and blood
coagulation. The sodium content of spiced-milk candy is relatively lower (p < 0.05) with the values of 7.80-11.40 mg/100g, while milk
candy without spice had 32.70 mg/100g. Sodium is essential for maintaining electrolyte balance but its excessive intake lead to
hypertension [60]. The low quantity of sodium in spiced-milk candy indicate it as functional product with more potential health
benefits. The minerals in milk candy fortified with spices have important interrelationships, regulate the fluid balance of the body and
hence, influence the cardiac output.

3.6. Antioxidant activities of spiced-milk candy

Fig. 3 shows the antioxidant activity of milk candy with spice and without spice. Milk candy without spices had the lowest anti-
oxidant activity of 14.6 %, 15.4 % and 18.5 % against Fe, OH and DPPH, respectively. Addition of Aframomum melegueta into milk
candy improved its antioxidant potential with the highest scavenging activity of 58.30 % against OH. Milk candy fortified with Xylopia
aethiopica and milk candy with Ocimum gratissimum have the same value (55.7 %) of scavenging activity against OH. Milk candy with

Table 5

Mineral composition (mg/100g) of spiced milk candy.
Samples Potassium Iron Zinc Phosphorus Calcium Sodium
cCT 73.30 + 0.60' 43.90 + 3.50° 48.80 + 0.05' 20.80 + 0.02f 51.70 + 0.06' 32.00 + 0.30%
CAP 318.10 + 3.20° 109.20 + 0.55° 133.60 + 1.10° 78.60 + 1.00° 79.80 + 0.80° 9.40 + 0.07°
CNP 292.30 + 2.60 ¢ 142.40 + 2.90° 81.70 + 0.70 <4 104.60 =+ 0.85° 106.90 + 4.90° 10.75 + 0.50°
CCN 215.10 + 1.30 83.10 £ 1.30 ¢4 77.00 + 0.10¢ 106.40 + 1.76° 97.10 + 0.50° 8.05 + 0.05¢
CAB 287.60 + 1.06 9 77.50 + 0.10 101.80 + 0.65° 72.70 + 0.80° 80.80 + 0.10° 10.00 + 0.23°
CGG 275.00 + 4.55° 80.85 + 0.20 ¢ 98.20 + 0.10° 81.10 + 0.70° 117.10 + 1.40° 9.70 + 0.06°
cuU 241.90 + 3.30° 108.30 + 1.90° 105.60 + 0.30° 101.50 + 1.10° 85.30 + 1.50¢ 10.10 + 0.30°
cce 347.90 + 2.10° 76.30 + 0.80 ¢ 72.20 + 0.70° 61.40 + 0.96¢ 101.00 + 0.20° 9.50 + 0.40°
cal 432.50 + 7.30° 78.80 + 1.10¢ 60.90 + 1.10° 42,60 + 1.04° 78.90 + 1.30° 7.80 + 1.10¢
CFE 279.90 + 4.05° 90.50 =+ 0.70° 84.20 + 1.10° 44.70 +1.20° 107.70 + 1.10° 9.20 + 0.00°
ccu 301.10 + 7.90 ¢ 111.30 + 5.70° 75.10 + 1.70¢ 80.30 + 3.00° 87.70 + 2.704 11.40 + 0.00°
CEFN 239.80 + 2.00° 83.20 + 3.60° 88.80 + 1.10° 64.10 + 1.60¢ 61.70 + 2.20° 9.50 + 0.03¢

Values within the same column having the same alphabet are not significantly different (p > 0.05).

Key: CCT: milk candy without spices, milk candy with CAP: Aframomum melegueta, CNP: Xylopia aethiopica, CCN: Monodora myristica, CAB: Ocimum
gratissimum, CGG: Zingiber officinale powder, CUU: Piper guineense seed, CCC: Syzygium aromaticum, CCI: Cinnamomum burmannii, CFE: Trigonella
foenum-graecum, CCU: Cuminum cyminum, and CFN: Foeniculum vulgare.
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Fig. 3. Antioxidant activities of spiced milk candy at 100 pg/mL

Antioxidant activity of milk candy against OH, DPPH, and Fe with similar alphabets were not significantly different from each other at p < 0.05.
Error bars in the figure represent standard deviations (SD).

Key: CCT: milk candy without spices, milk candy with CAP: Aframomum melegueta, CNP: Xylopia aethiopica, CCN: Monodora myristica, CAB: Ocimum
gratissimum, CGG: Zingiber officinale powder, CUU: Piper guineense seed, CCC: Syzygium aromaticum, CCI: Cinnamomum burmannii, CFE: Trigonella
foenum-graecum, CCU: Cuminum cyminum, CFN: Foeniculum vulgare, and BHT: butylated hydroxytoluene.

Xylopia aethiopica or with Zingiber officinale have the highest (p < 0.05) and a similar value of scavenging activity of 65.80 % against
DPPH. Milk candy with Syzygium aromaticum (60.1 %) and Cinnamomum burmannii (60.80 %) have similar (p < 0.05) scavenging
activity against DPPH. Milk candies with Aframomum melegueta and Ocimum gratissimum displayed similar Fe chelation with values of
60.70 % and 60.40 %, respectively. Milk candies with Syzygium aromaticum, Trigonella foenum-graecum, and Cinnamomum burmannii
also have a similar (p < 0.05) chelation activity of 53.30 %, 54.80 %, and 55.50 %, respectively against Fe. Matcha-based hard candy
incorporated with Zingiber officinale, Cinnamomum zeylanicum, Cinnamon cassia, and Ocimum sanctum exhibited potential antioxidant
activities [55]. The researcher attributed the antioxidant activity of phenolic compounds in spices. Antioxidants play a vital role as
health protecting agents especially in foodstuffs as they respond to scavenging free radicals, delay and prevent food spoilage. Hence,
antioxidant compounds in aromatic herbs and spices can be exploited in the food industry.

3.7. Prebiotic activity of the spiced milk candy

Fig. 4 shows the growth rate of Lactobacillus fermentum and Lactobacillus acidophilus on spiced-milk candy. The growth rate of
Lactobacillus fermentum and Lactobacillus acidophilus was reduced as 2.2 x 10° CFU/mL and 1.4 x 10° CFU/mL in milk candy without
spices. Milk candy containing Cuminum cyminum displayed prebiotic activity by supporting the growth of Lactobacillus fermentum and
Lactobacillus acidophilus with the highest values of 8.30 x 10° cfu/mL and 6.90 x 10° cfu/mL, respectively. Cumin seeds displayed
nutraceutical effects and can be used as traditional medicine to aid digestion, inhibit in the incidence of diarrhea, and to delaying the
defecation time [61].

Milk candy containing spices displayed better prebiotic activity by supporting the growth of Lactobacillus fermentum and Lacto-
bacillus acidophilus. The findings of Lu et al. [62] ascertained some spices namely; black pepper, cayenne pepper, cinnamon, ginger,
Mediterranean oregano, and rosemary as dietary sources with prebiotic-like effect due to stimulating the growth of 17 strains of
Bifidobacterium spp. and 16 strains of Lactobacillus species. Medicinal herbs and spices have potential health benefits through anti-
oxidant, antimicrobial activities, and promoting the positive microbial modulation by stimulating beneficial gut bacteria [63].
Exploitation of medicinal herbs and spices using modern biotechnology and metabolic engineering to produce novel bioactive com-
pounds with antioxidant, anti-cancer, anti-inflammatory, and antimicrobial mechanistic functions is needed to support the uses of
conventional foods.

4. Conclusion

The selected herbs and spices used in this study contain useful and medicinal phytochemicals that are capable to exert potent
antimicrobial and antioxidant activities against spoilage microorganisms and superoxide radicals, known to responsible for food
deterioration. Incorporation of spices into milk candy produce healthy as value-added and good quality products to consumers. The
utilization of spices with milk powder in preparation of candy improve the nutritional, and sensory properties of the final dairy
product. The outcome of organoleptic property evaluation indicated that milk candies fortified with herbs and spices were well
accepted, consistently received high scores in colour, taste, texture, mouth feel, and flavour, making them to standout and more
appealing to consumers. The addition of herbs and spices into milk improve the antioxidant activities and supported the growth of
probiotics. The production of functional milk candy with spices can increase the market’s revenue due to the wide acceptance by
consumers. The inclusion of herbs and spices into milk candy will serve some therapeutic values, boosts immunity, and can be ad-
vantageous to people of all ages, especially adults and immune-compromised patients. The study demonstrated the viability of using
locally available herbs and spices to naturally fortify milk and its products.
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Fig. 4. Growth rate (x 10° CFU/mL) of probiotics in the presence of spiced milk candy.

Key: CCT: milk candy without spices, milk candy with CAP: Aframomum melegueta, CNP: Xylopia aethiopica, CCN: Monodora myristica, CAB: Ocimum
gratissimum, CGG: Zingiber officinale powder, CUU: Piper guineense seed, CCC: Syzygium aromaticum, CCI: Cinnamomum burmannii, CFE: Trigonella
foenum-graecum, CCU: Cuminum cyminum, and CFN: Foeniculum vulgare, MRSA: de Man, Rogosa and Sharpe, GLU: Man, Rogosa and Sharpe +
glucose, FOS: Man, Rogosa and Sharpe + fructose oligosaccharides.
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