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Introduction

Experimental & Treatment Design

 Experimental design: completely 

randomized design

 Treatment design: bacterial counts with 

negative binomial

 Treatment factors: 

 Proteins                                    

albumin (A), soy (B), zein (C), whey (D)

 Plasticizes

water (w) , glycerol (g), natural rubber latex (n)

 Experimental unit: petri dishes

 Response variable: bact. count after 24hrs 

 Escherichia coli as Gram (-) species

Model & Assumptions

 Model: 

Linear predictor is: 𝜂𝑖𝑗 = 𝜂 + 𝜏𝑖 + 𝛼𝑗 + (𝜏𝛼)𝑖𝑗
Link function: 𝜂𝑖𝑗 = 𝑙𝑜𝑔 𝜆𝑖

 Assumptions:

Distribution of the observations: 𝑦𝑖𝑗 ~ Negative Binomial(𝜆𝑖 , 𝜙), 

where 𝐸 𝑦𝑖𝑗 = 𝜆 and 𝑉 𝑦𝑖𝑗 = 𝜆 + 𝜆2𝜙

𝜏𝑖 = ith treatment, plasticizer (water, glycerol, natural rubber) with fixed effect

𝛼𝑗 = jth treatment, protein (albumin, soy, zein, and whey) with fixed effect

(𝜏𝛼)𝑖𝑗 = combination of ith treatment and jth treatment with fixed effect
Objectives

 To evaluate antibacterial properties of 

protein-based bioplastics through the use of 

different plasticizers

 To obtain the best protein-plasticizer 

combination that has least bacterial count for 

bioplastic production

Statistical Analysis

 There appears to be an interaction between treatment combinations.

 There is a significant interaction 

between proteins and plasticizers.
F = 4.16

P-value = 0.0028

 Simple effects

 The most significant difference is between glycerol + 

soy (gA) and glycerol + whey (gD).

 The most significant difference is between whey + 

glycerol (Dg) and whey + natural rubber (Dn).

 Convert logit into meaningful ratio

 Convert the logit estimate into bacterial count to find 

the ratio of treatment combinations:

 glycerol + soy vs. glycerol + whey:

 whey + glycerol vs. whey + natural rubber:

 The count ratio of whey + glycerol vs. whey + 

natural rubber (
𝐷𝑛

𝐷𝑔
) is smaller, thus whey + glycerol 

(Dn) and whey + natural rubber (Dg) have the most 

different bacteria counts. 

 The winner is …

 Since whey + natural rubber (Dn) is the numerator, 

this treatment combination has the smallest mean 

bacteria count. 

 Least Square Means also provides:

 Standard error mean = 20.1121

 95% CI (14.9766, 110.88)

Conclusion

 Whey protein-natural rubber latex (Dn) 

combination has been proved to produce plastic 

that shows best antibacterial potential. 
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𝒆𝒍𝒐𝒈 𝑨𝒈 −𝒍𝒐𝒈(𝑫𝒈) = 𝒆
൰𝒍𝒐𝒈(

𝑨𝒈
𝑫𝒈 = 𝒆−2.5827 = 0.0755

𝒆𝒍𝒐𝒈 𝑫𝒏 −𝒍𝒐𝒈(𝑫𝒈) = 𝒆
൰𝒍𝒐𝒈(

𝑫𝒏
𝑫𝒈 = 𝒆−2.6594 = 0.0699

whey + natural rubber (Dn) = 𝒆𝒍𝒐𝒈(𝑫𝒏) = 𝒆𝒍𝒐𝒈(𝟑.𝟕𝟎𝟕𝟓) = 𝟒𝟎. 𝟕𝟓𝟎𝟎


