
Introduction
In patients with cystic fibrosis (CF) and other conditions with 
pancreatic insufficiencies, the pancreas is unable to supply the 
enzymes required for digestion and absorption of food in the small 
intestines. Pancreatic inadequacies lead to malnourishment in 
patients that may be decreased by prescribed supplemental 
pancreatic enzymes (Singh and Schwarzenberg 2017), but there may 
be additional enzymes with better digestive efficiencies. Bromelain is 
an enzyme concentrated in the stems and leaves of pineapple 
plants, Ananas comosus, and aids in digestion of proteins (Roxas
2008, Rathnavelu et al. 2016). Ground oats, Avena sativa, aids in 
digestion of fats, specifically in patients with CF (Barnes et al. 1994). 
Additionally, extract of mango peels, Mangifera indica, contains 
amylase to aid in digestion of carbohydrates. (Mehrnoush and Yazid 
2013). The hypothesis is the plant-based enzymes (bromelain, oat 
lipase, oat amylase, and mango amylase) will have significantly higher 
or comparable amounts of digested protein, fat, and carbohydrates 
compared to CF-prescribed pancreatic enzymes.

Discussion
This study found the plant-based enzymes from pineapple bromelain, 
oats, and mango to have equal or higher amounts of the fats, 
proteins, and carbohydrates digested than the prescription pancreatic 
enzymes. Plant-based enzymes may be an alternative to the current 
enzyme supplementation for patients with pancreatic insufficiencies, 
including CF patients. In previous studies, bromelain was found to 
have anti-inflammatory properties and anti-microbial properties in 
the intestinal track, resulting in lower amounts of fat in stool as well 
as a reduction in pain (Rathnave et al. 2016). Bromelain was also 
reported to have an alkalinizing effect when introduced to the 
digestive track (Rathnave et al. 2016); this may be advantageous 
because of the lack of bicarbonate released by the duodenum in CF 
patients. The peel of mangos has antidiabetic properties that have 
been found to be comparable to metformin in lowering blood glucose 
levels (Rao 2015). This is useful because many CF patients develop 
cystic fibrosis-related diabetes (CFRD). The results of this study 
indicate that these plant-based enzymes may be a viable alternative 
to supplemental protease, lipase, and amylase enzymes currently 
prescribed to CF patients. The plant-based enzymes may be a more 
desirable option for religious or dietary practices as opposed to most 
prescribed pancreatic supplemental enzymes that are derived from 
swine origins. Studies have shown that malnourishment has a direct 
correlation to lung function and overall health in CF patients (Sighn 
and Schwarzenberg 2017). Having alternative options for 
supplemental enzymes may enable more patients with CF to thrive. A 
previous trial by the researchers conducted found the efficiency of 
protein digestion  increased as the quantity of bromelain increased 
(Lowe and Spring in progress). Further research will investigate 
appropriate dosage of plant-based enzymes and their efficiencies with 
additional food sources.

Materials and Methods
Cashew milk was used as a source of protein, fat, and carbohydrates 
(starch), and was diluted 1:3 with distilled water. Bromelain (raw 
pineapple leaves and stalk) was blended with 1:2 distilled water and 
strained to remove solids. Oat lipase and amylase were prepared with 
finely ground oats diluted 1:3 with distilled water. The mango amylase 
was prepared by blending the peel of a ripe mango with 1:2 distilled 
water and strained to remove solids. CF-prescribed pancreatic 
enzymes (Rx), Pertzye 24,000 USP Supplemental Pancreatic Enzyme, 
was prepared by dissolving 1 capsule (1 dosage) in 60 mL distilled 
water. Absorbance was measured using a Vernier UV-Vis 
Spectrophotometer and reagents: Bradford (protease), Rhodamine 6g 
(lipase), and Lugol’s iodine (starch amylase). After calibrating with the 
respective reagent as the blank, 3 mL of the respective reagent and 60 
µL of following were combined in the curvet and absorbance at 400-
740 nm was measured.

Results
The plant-based enzymes all had significantly higher amounts of fats, proteins and carbohydrates digested when 
compared to the prescribed pancreatic enzymes (Rx). The absorbance was significantly different between protein, Rx 
protease, and bromelain protease combinations using Bradford reagent at 594 nm light wavelength (1-way ANOVA, 
F6,14=90.83, p<0.05, Figure 1). The absorbance was significantly different between fat, Rx lipase, and oat lipase 
combinations using Rhodamine 6g reagent at 532 nm light wavelength (1-way ANOVA, F6,14=81.46, p<0.05, Figure 2). 
The absorbance was significantly different between carbohydrate, Rx amylase, and oat amylase combinations using 
iodine reagent at 620 nm light wavelength (1-way ANOVA, F6,14=224.81, p<0.05, Figure 3). The absorbance rate was 
significantly different between carbohydrate, Rx amylase, and mango amylase combinations using iodine reagent at 620 
nm light wavelength (1-way ANOVA, F6,14=221.51, p<0.05, Figure 4).
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Figure 2. Absorbance of fat, Rx lipase, and oat lipase 
combinations using Rhodamine 6g reagent at 532 nm 
light wavelengths (n=3, ± SD).

Figure 1. Absorbance of protein, Rx protease, and 
bromelain protease combinations using Bradford 
reagent at 594 nm light wavelength (n=3, ± SD).

Figure 3. Absorbance of carbohydrate, Rx amylase, and 
oat amylase combinations using iodine reagent at 620 
nm light wavelength (n=3, ± SD).
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Figure 4. Absorbance of carbohydrate, Rx amylase, and 
mango amylase combinations using iodine reagent at 
620 nm light wavelength (n=3, ± SD).
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