Introduction:

[bookmark: _GoBack]Apart from adding color, flavor and taste, consumption of spices provide infinite health benefits. The unique aroma and flavor are derived from phytochemicals. Synthetic fungicides are used to control food crop diseases and are effective. But can develop resistance in the targeted microorganism and adverse health effects on humans and the environment. They are not registered for use as postharvest treatments to control spoilage microorganisms in storage.

Antimicrobial extracts from plant materials is another method favored by consumers and producers for use to reduce the use of synthetic chemicals. The phytochemicals from plants are often recovered as “essential oils”. And have antimicrobial properties. Phenolics are the most prevalent antimicrobial compound found in plants.
Some common spices that possess antimicrobial properties include garlic, jalapenos, cinnamon, ginger, and nutmeg. The more spices used, the more antimicrobial activity to counteract the fact that an increase in temperature allows for quicker food spoilage.

Purpose:
To determine the antimicrobial activity in spices and comparing the activity to a known antifungal compound.

Procedure:

Preparation of spice extracts:
 The assigned treatment was obtained (cinnamon) and 15.03 g were weighed. The positive control (nystatin) (1 mg/mL) was obtained. Six plates were labeled with the treatment. Three plates for botrytis and 3 plates for penicillium, and 1 as a blank. 1 flask of Agar (PDA) was obtained at 55 C and one blank was poured (25mL) prior to adding the treatment to the liquid PDA. Nothing will added to this plate. Then the treatment was added to the remaining liquid PDA and mixed well and the 6 plates were poured (25 mL each). The plates were allowed to solidify, a plate containing Rhizopus and another containing Penicillium were obtained. The blank was not inoculated. The remaining plates were inoculated with a 0.5 cm (diameter) agar plug of fungus into each plate and then the plates were placed in the incubator at 24 C for 2 days. After 2 days, observations were made of the diameter of growth zone (in cm).
















Data and Observations:

Table 1: Treatment name of Botrytis and Penicillium

	Treatment (name of spice, +ve/-ve control)
	Botrytis cineria
	Penicillium chrysogenum

	 
	Diameter of growth-trial 1
	Diameter of growth-trial 2
	Diameter of growth-trial 3
	Average
	SEM
	Diameter of growth-trial 1
	Diameter of growth-trial 2
	Diameter of growth-trial 3
	Average
	SEM

	Nystatin +ve
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Nutmeg
	1
	0.5
	0.5
	0.67
	
	1.1
	0.7
	1.2
	1.0
	0.1443

	Ginger
	0.5
	0.6
	0.8
	0.63
	0.057735
	1.0
	0.8
	1.2
	1.0
	0.2843

	Cumin
	0.3
	0.4
	0.3
	0.33
	0.208166
	0.4
	0
	0
	0.13
	0.12018

	Turmeric
	0.4
	0.5
	0.3
	0.4
	0.14529
	2.8
	0.9
	0.6
	1.43
	0.57735

	Cinnamon
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



Nystatin showed fungal growth

















Graph 1: bar graph of treatments and growth of the microorganisms.



Discussion:
Cinnamon spices inhibited the growth of both Rhizopus and Penicillium. Order of efficacy from most effective to least effective was as follows, cinnamon/ nutmeg, ginger, and turmeric powder. Efficacy was determined according to the fungal growth of Rhizopus and Penicillium in each spice agar as shown in Table 1. 
Cinnamaldehyde is a beneficial compound found in cinnamon. It can be isolated from cinnamon by distillation. Using this compound would give the same results as using cinnamon spice. This depends on the yield and the amount used. In other words, using cinnamaldehyde would still be as effective as cinnamon. 
	As mentioned in the observations section, nystatin inhibited the growth of fungus. Nystatin is used as an antifungal agent that inhibits the growth of Rhizopus and Penicillium.
Using spices as antimicrobial agents is better than using chemical antimicrobials. All spices originate from plants (flowers, fruits, seeds, etc.). Antimicrobial spices are high in B vitamins and minerals. Spices are healthier and more natural than chemicals. Chemical antimicrobials are made of chemicals, which produce side effects sometimes in the body. 
Secondary metabolism facilitates the primary metabolism in plants. In order for plants to stay healthy, secondary metabolism helps in keeping the plants' systems working properly. They are used to fight off herbivores, pests, and pathogens. These chemicals evolved to protect plants from herbivores, pathogens and parasites.
Flavonoids are considered to be secondary plant metabolites, known as vitamin P (or citrin). They play a major role in colouring the plants by producing a yellow colour and other pigments. Flavonoids are majorly used as anti-inflammatory, anti-allergic and anti-cancer activities. They are also used as anti-oxidants. Flavonoids are extracted mainly from citrus fruits. These citrus fruits contain the specific flavonoids hesperidins, quercitrin and rutin. 
	Spices being tested were not autoclaved. If spices were autoclaved, secondary metabolites would lose their functions and effectiveness, which then affects the final results. 
Some sources of error occurred throughout the experiment. One of the incubated plates ended up fallen on the floor, which opened the plate led. This allowed the contamination of bacteria from the environment, which gave negative results. 

Conclusion:
	As a conclusion, cinnamon was the most effect antimicrobial spice that inhibited the growth of P.chrsyogenum and Rhizopus. 
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Botrytis cineria	0	0.67	0.63	0.33	0.4	0	Penicillium chrysogenum	0	1	1	0.13	1.43	0	



