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Abstract – Alternative feed sources using Vegetable Based Agro By-Products (VBAP) could be a pathway for 

sustainable animal agriculture as well as environmental protection. Though, nutritional contents of these feedstuffs 

need to be established and improved as viable animal feed sources. Enhancing feed qualities is important such as 

using fermentation processes which is apt to confirm its potential and popularize it as one of the effective feed 

processing methods. An experiment using 2 factors such as Factor A (Unfermented VBAP) and Factor B (Fermented 

VBAP) was carried out to identify and compare the nutrient values of each factor. Fresh VBAP were selected and 

collected at vegetable farms around Benguet province and La Trinidad Vegetable Trading Post which includes; 

cabbage (Brassica oleracea var. capitate L) trimmings, carrot (Daucus carota L) tubers, chayote (Sechium edule) 

fruits, lettuce (Lactuca sativa L.) leaves, broccoli (Brassica oleracea L. var. Italica Plenck) trimmings, tomato 

(Solanum lycopersicum L.) fruits, Chinese cabbage/wombok (Brassica rapa subsp. pekinensis) trimmings and potato 

(Solanum tuberosum) tubers. Proximate analysis was used to measure nutrient composition while spectrophotometer 

was used to measure minerals contents. The study revealed that fermentation of VBAP significantly decreased pH 

and moisture and significantly increased % DM, Ash, CP, crude fiber, crude fat, NFE content (p-values of less than 

0.01) compared with unfermented VBAP. Mineral content such as calcium and phosphorus has increased positively 

after fermentation (p-values of less than 0.01). Hence, results of the analysis indicated that fermentation significantly 

improve the nutrient and mineral contents of the VBAP. 

Keywords – Fermentation, Vegetable Based Agro by-Product, Proximate Analysis, Minerals. 

I. INTRODUCTION 

The increasing population growth worldwide results to growing animal product consumption. Thus, demand 

for feed products to sustain the animal industry also increases. Addressing the condition becomes a great 

challenge to animal industries in order to sustain the production and meet the demands. Opportunities for 

enhancing availability of feedstuffs will include the utilization of feed resources that are available locally and 

sourcing out alternative feed resources such as waste products that can be used as feed and feed sources. 

Alternative feed components can become feasible and economical as animal feed sources. 

The use of by products as animal feed has direct impact on environmental issues and economy. This includes 

Vegetable Based Agro By-Products (VBAP) which possesses feeding value required by animals for sustainable 

production. VBAP are materials derived from non-marketable vegetable fragments after harvest. Converting 

these agricultural products that are not viable to human consumption into animal feed will enhance sustainability 

of animal production as well as mitigating environmental concerns due to lessening of waste. 
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Agricultural by products such as potato fiber co-product contains 55% of total dietary fiber, 29% starch, 4% 

crude protein, and 2% acid-hydrolyzed fat (Panasevich et al., 2013). Tomato pomace product has a chemical 

contains of 17-22 % DM protein, 10-15 % DM fat up to 20 % depending on the ratio of tomato seed, 50-70% 

insoluble fibers in neutral detergent (NDF), 39-60% ADF, and lignin is 20-30 % of DM (Jamehshooran et al., 

2022). On the other hand, cabbage nutrient compostition has 7.0% DM, Crude protein 16.6%, ADF 15.8%, NDF 

20.0%, Sulfur 0.70%, TDN 74.0%, Net energy lactation (Mcal/lb) 0.77 (Binversie and Miller, 2013). Fresh 

cabbage nutrient contents of g/100g have moisture (69.365), protein (1.1), fat (0.225), fiber (2.63), ash (1.39) 

(Tanko et al., 2018). Carrot peels chemical analysis has contents of moisture (%) 7.46+0.35, Ash (%) 11.2+0.70, 

fiber (%) 17.05+0.59, fat (%) 3.48+0.0004, protein (%) 4.47+0.14, carbohydrates (%) 56.0+0.60, pH 5.75+0. 

037 (Ashraf, 2015). In broccoli stems, 9.41% (DM), 89.3g/100g(OM), 23.2g/100g (CP), 2.91(EE), 33.4 sugars, 

22.3 (NDF), 15.0 (ADF), 1.46 (lignin), 7.27 hemicellulose, 31.3 (NSC), 6.49 (lignin), 5.77 (NDICP) while 

broccoli florets 13.9% (DM), 91.8g/100g (OM) 30.8 (CP), 6.15 (EE), 19.6 sugars, 23.6 (NDF), 12.9 (ADF), 

0.84 lignin, 10.7 hemicellulose, 40.9 (NSC) AND 9.94 (NDICP) (de Evan et al., 2020). Analysis of fresh tomato 

chemical contents hold moisture (68.03+3.05), ash (0.86 +1.15), crude fiber (1.78+0.13), crude fat (2.36+0.67) 

and CHO (9.94+3.41) (Ahmed, 2020). 

Fermentation is a process that changes the biochemical and nutritional value in relation to the original state 

through the involvement of microorganism interacting with the enzymes of the raw ingredients. Microorganisms 

improve the physiochemical aspects and the nutritional content and could expand the shelf life and safety of the 

raw ingredients through fermentation (Ayed et al., 2020). In addition, microorganisms involved in the 

fermentation process deliver unique process such as biochemical and physical changes resulting to food stability 

of fermented foods (Sharma et al., 2020).  

Fermented feed has been widely studied for the purpose of effective utilization of feedstuff and to lessen 

application of in-feed antibiotics. Fermentation of feed through microorganisms can reduce anti-nutritional 

aspects and improve nutritional value (Qui et al., 2020). Lactic acid bacteria (LAB) fermentation improves 

nutritional value and organoleptic features of fermented products. This microorganism produces different 

antimicrobial compounds and convert substance that are indigestible into digestible products (Ayed et al., 2020). 

These microorganisms are used to produce various fermented products from raw materials including vegetable, 

animal milk and fermented feed silage. LAB place a great impact in the fermented food products in terms of 

nutritional, sensorial, technological, and functional features due to its metabolic activity with other substrates.  

LAB fermentation used as natural preservation of raw ingredient and it is also responsible for bioconversion of 

the carbohydrates in lactic acid, tearing minor quantities of other organic acids that decrease the level of pH 

(Sabater et al., 2020). 

Likewise, solid-state fermented feed by using natural or artificially added microorganisms in a controlled 

environment can be used as alternative livestock feed antibiotics (Yang et al., 2021). Fruit and vegetable by-

products and waste that undergo solid-state fermentation are enhanced with protein raw materials, though the 

sugar content decreased and a rise in NDICP and fiber content (Ibarruri et al., 2021). 

II. MATERIALS AND METHODS 

A. Selection and Collection of the VBAP 
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The VBAP were selected and collected at vegetable farms around Benguet province and La Trinidad 

Vegetable Trading Post which includes; cabbage (Brassica oleracea var. capitate L) trimmings, carrot (Daucus 

carota L) tubers, chayote (Sechium edule), lettuce (Lactuca sativa L.), broccoli (Brassica oleracea L. var. 

Italica Plenck), tomato (Solanum lycopersicum L.) fruits, Chinese cabbage/wombok (Brassica rapa subsp. 

pekinensis) and potato (Solanum tuberosum) tubers. 

B. Preparation of Unfermented VBAP Prior to Analysis 

Samples of VBAP collected were washed in a clean water in order to eliminate inessential materials, and 

were chopped to approximately 1-3 cm. Samples of each VBAP were weighed 250g per sample with 3 

replicates and were delivered to LQCC-Bulacan for Proximate and mineral analysis. 

C. Fermentation Procedure of VBAP 

The prepared samples were chopped to less than 3cm and were weighed individually per VBAP then added 

with 15% of molasses based from its total weight. Weighted sample with molasses were then placed in an empty 

high-density polyethylene plastic jar installed with airlock fermenter. VBAP samples were placed and 

compacted inside the container to minimize air spaces. After filling, containers are sealed tightly to prevent 

oxygen from entering inside the container. Filled and sealed containers were stored in a cool dark area for 20 

days. Temperature ranges from 16 degrees Celsius to 22 degrees Celsius. 

D. Proximate Analysis 

Unfermented VBAP were prepared and placed in a zip lock with 3 replicates per VBAP and were brought to 

laboratory for proximate analysis. Fermented VBAP were submitted to the laboratory after 20 days 

fermentation. Nutrient contents such as Moisture, Dry matter (DM), Ash, crude protein (CP), crude fat, crude 

fiber (CF) and Nitrogen Free Extract (NFE) following the AOAC International guidelines (2005) content and 

mineral contents such as calcium and phosphorus were analyzed per VBAP samples at Lipa Quality Control 

Center Inc. (LQCCI) North, Gov F Halili Ave, Barangay Turo, Bocaue, Bulacan. 

E. pH Determination of Unfermented and Fermented VBAP 

The pH of the unfermented and fermented VBAP was recorded using digital pen type portable pH meter. 

F. Experimental Design and Statistical Analysis 

This study was conducted in an 8x2 factorial in CRD replicated 3 times with different unfermented VBAP as 

Factor A namely: cabbage trimmings, carrot tubers, sayote, lettuce, broccoli, tomato fruits, Chinese cabbage/ 

woombook and potato tubers and fermented VBAP as Factor B (with 15% molasses). Data was analyzed using 

SPSS version 21. Analysis of variance (ANOVA) and statistically significant parameters were compared using 

Least Significant Difference (LSD). 

III. RESULTS AND DISCUSSION 

A. pH Value of Unfermented and Fermented VBAP 

Analysis revealed highly significant differences on the pH value of VBAP when compared according to 

fermentation with computed p-values of less than 0.01 as presented in Table 1. Specifically, unfermented VBAP 
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had higher pH content than fermented VBAP with mean values of 5.53 and 3.17, respectively. Numbers shows 

that all fermented VBAP has reduced pH value after fermentation compared with unfermented VBAP. This 

finding simply implies that fermentation significantly affect the pH value of VBAP. Meanwhile, VBAP with 

highest pH value is unfermented chayote followed by unfermented broccoli and unfermented carrot. Further, 

VBAP with lowest pH value are fermented chayote and fermented Chinese cabbage. 

Results confirm the same result with the study of Adegunloye and Oparinde (2017) that the pH value of irish 

potato peels declined significantly (P ≤ 0.05) after fermentation while Vatansever et al. (2017) reported that 

carrot have decreased pH value after 10 days fermentation with 3.99±0.04. 

Table 1. pH Value of Unfermented and Fermented VBAP. 

VBAP Unfermented Fermented 

Broccoli 6.33 3.30 

Cabbage 5.05 3.32 

Carrot 5.79 3.10 

Chayote 6.41 3.02 

Chinese Cabbage 5.57 3.01 

Lettuce 5.61 3.10 

Potato 5.60 3.31 

Tomato 3.91 3.22 

Mean 5.53 3.17 

Reduction of pH is a result of Lactic Acid Bacteria (LAB) activity during fermentation. LAB is responsible 

for lactic acid fermentation and requires reduced pH level during food fermentation for their growth and prevent 

growth of undesirable microbes like yeasts, molds and pathogenic bacteria and to sustain level of pH (pH < 4.6) 

and guarantee the safety of food (Vatansever et al., 2017). 

B. Proximate Analysis Content of Unfermented and Fermented VBAP 

Table 2 shows the proximate analysis content of fermented and unfermented VBAP with computed p-values 

of less than 0.01. Result indicates that broccoli has higher moisture content after fermentation but has lower 

DM, ash, CP, crude fiber, crude fat and NFE compared with unfermented broccoli. Cabbage has lower moisture 

content and higher DM, ash, CP, crude fiber, crude fat and NFE after fermentation compared with unfermented. 

In carrot, moisture content and crude fat has lesser amount after fermentation while greater value on DM, ash, 

CP, and NFE after fermentation but crude fiber has same value of booth fermented and unfermented. Moisture 

and crude fiber content of chayote decreased after fermentation while higher amount in DM, ash, CP, crude fat 

and NFE content compared with unfermented one. Fermented Chinese cabbage has lower moisture content and 

higher DM, ash, CP, crude fiber, crude fat and NFE than unfermented Chinese cabbage. Meanwhile, lettuce has 

lower moisture content after fermentation and higher DM, ash, CP, crude fiber, crude fat and NFE content than 

unfermented. Fermented potato also has higher DM, ash, CP, crude fiber, crude fat and NFE content but lower 

moisture content compared with unfermented potato. Lastly, tomato has decreased moisture content and 

increased DM, ash, CP, crude fiber, crude fat and NFE after fermentation. 
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On the other hand, fermented broccoli has the highest moisture content followed by unfermented potato then 

unfermented lettuce while unfermented and fermented potato has the lowest moisture content. VBAP with 

highest dry matter content are fermented potato, unfermented potato and unfermented broccoli while lowest in 

unfermented tomato and fermented broccoli. VBAP with highest ash content are unfermented broccoli, 

fermented Chinese cabbage and fermented potato while unfermented tomato and fermented broccoli has the 

lowest ash content. For crude protein content, fermented potato, fermented cabbage and unfermented broccoli 

has the highest amount while lowest content in unfermented chayote and fermented broccoli. Moreover, VBAP 

with highest crude fiber content is unfermented broccoli followed by fermented potato and fermented cabbage 

while fermented chayote and fermented broccoli have the lowest crude fiber content. For crude fat content, 

unfermented broccoli, fermented tomato and fermented Chinese cabbage got the highest value while 

unfermented potato and fermented broccoli hold the lowest crude fat content. Finally, VBAP with highest NFE 

content are fermented potato, unfermented potato and fermented chayote while lowest NFE content are 

unfermented lettuce and fermented broccoli.  

Finding of Islam et al. (2018) presented lower crude fiber content of cabbage with 0.27% and lower 

percentage amount of unfermented chayote with 93.27% moisture, 0.30% ash, 0.15% crude fat while higher in 

CP (0.84%) compared with the findings in this study.  

Furthermore, Tanko et al., (2018) reported lower moisture content (69.365%), ash (1.1035%), CP (1.1%), 

crude fat (0.225%) of unfermented cabbage and fermented cabbage moisture (90.56%), CP (1.3%), crude fat 

(0.23%) while higher ash (1.39%), crude fiber (2.63%) of unfermented cabbage and crude fiber (2.61%) of 

fermented cabbage.  

Sun et al. (2017) discussed lower content of DM (13.0%), ash (0.5%), CP (0.95%) of unfermented potato 

while higher content in crude fat (1.24%) content of fermented potato. Furthermore, Yang et al. (2021) 

presented higher value in DM (9.97%) of unfermented cabbage but lower DM (3.26%) content of unfermented 

potato. Also, de Evan et al., (2018) reported lower DM (5.64%) of unfermented cabbage compared with the 

results of this study.  

Adegunloye and Oparinde (2017) discussed that the pH value of sweet potato and irish potato significantly 

reduced (P ≤ 0.05) while increase in the moisture, ash, fat and protein content of both peels, though the crude 

fiber and carbohydrate content has decreased after fermentation. 

Table 2. Proximate Analysis Content of Unfermented and Fermented VBAP. 

  Broccoli Cabbage Carrot Chayote Chinese Cabbage Lettuce Potato Tomato 

Moisture 

un 86.39 93.30 91.11 95.03 94.73 95.86 85.37 96.74 

f 99.11 90.56 88.43 87.76 90.06 91.09 76.09 89.58 

DM 

un 13.61 6.70 8.89 4.97 5.27 4.14 14.63 3.26 

f 0.89 9.44 11.57 12.24 9.94 8.91 23.91 10.42 

Ash 

un 1.67 0.78 1.14 0.43 0.94 1.06 0.93 0.39 

f 0.07 1.27 1.48 1.31 1.57 1.27 1.53 1.14 

CP un 1.96 1.54 1.08 0.60 1.60 0.82 1.82 0.71 
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  Broccoli Cabbage Carrot Chayote Chinese Cabbage Lettuce Potato Tomato 

f 0.11 1.97 1.48 1.40 1.82 1.73 2.74 1.37 

Crude Fiber 

un 2.09 0.76 0.92 0.49 0.71 0.61 0.41 0.44 

f 0.08 1.12 0.92 0.33 0.79 0.87 1.77 0.89 

Crude Fat 

un 0.69 0.27 0.29 0.17 0.17 0.27 0.16 0.19 

f 0.02 0.30 0.25 0.27 0.42 0.36 0.35 0.44 

NFE 

un 7.19 3.35 5.46 3.28 1.85 1.39 11.31 1.53 

f 0.61 4.77 7.45 8.95 5.34 4.68 17.51 6.56 

*Note: un-unfermented; f- fermented. 

Variation among proximate analysis content of unfermented and fermented VBAP might due to diverse kinds 

of varieties, physical characteristics, growing conditions, storing, process of fermentation and other factors 

(Jansone and Kampuse, 2019). 

The improved nutritional value in fermented VBAP compared with the unfermented VBAP is a result from 

fermenting microorganisms present in the product. Fermentation improves the food nutritional quality through 

enhancing the density of nutrients and swelling the quantity and bioavailability of nutrients. Increasing the 

bioavailability and amount of nutrients from food may be attained by the degradation of anti-nutritional aspects, 

producing agents for absorption, and pre-digestion of different components of food. Lactic acid fermentation 

enhances the accessibility of some micronutrients and limiting amino acids and protein solubility (Sharma et al. 

2020). 

C. Calcium (Ca) and Phosphorus (P) Content of Unfermented and Fermented VBAP 

Analysis revealed highly significant differences on the calcium and phosphorus content of VBAP when 

compared according to fermentation with computed p-values of less than 0.01 as presented in Table 3. Results 

simply implies that fermentation significantly affect the calcium and phosphorus content of VBAP.  

Cabbage, carrot, chayote, Chinese cabbage, lettuce, potato and tomato have increased in calcium and 

phosphorus content after fermentation while broccoli decreased in calcium and phosphorus content after 

fermentation. 

Definitely, unfermented broccoli had the highest calcium content with value of 0.26. This was followed by 

fermented potato and fermented Chinese cabbage with values of 0.13 and 0.12, respectively. On the other hand, 

unfermented chayote, unfermented tomato and fermented broccoli had the lowest calcium content with average 

values between 0.02 to 0.01. 

Table 3. Calcium and Phosphorus Content of Unfermented and Fermented VBAP. 

VBAP Ca  p  

 Unfermented Fermented Unfermented Fermented 

Broccoli 0.26 0.01 0.05 0.00 

Cabbage 0.05 0.11 0.04 0.05 
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VBAP Ca  p  

Carrot 0.04 0.11 0.05 0.07 

Chayote 0.02 0.11 0.02 0.04 

Chinese Cabbage 0.07 0.12 0.05 0.06 

Lettuce 0.04 0.11 0.02 0.04 

Potato 0.04 0.13 0.04 0.07 

Tomato 0.02 0.08 0.02 0.03 

Unfermented potato has 0.04% calcium content higher than 0.006% reported by Sun et al. (2017). Likewise, 

unfermented potato has 0.04% P content higher than 0.011% reported by Sun et al. (2017).  

Results from the study revealed that fermentation influenced the mineral content of the VBAP. Mainly, 

vegetables that undergone the process of fermentation have higher bioavailable nutrients such as minerals 

compared to unfermented VBAP. That situation is result from a decrease in anti-nutritional elements like 

tannins and phytates. The amount of certain microelements in fermented vegetables is characterized by various 

variations which could decrease or increases. Though, bioavailability of nutrients in fermented vegetables is 

always higher compared to fresh vegetables (Knez et al., 2023). 

IV. CONCLUSION 

The goal of this research was to identify the nutritional contents of fermented compared with unfermented 

VBAP. The results revealed that VBAP contains nutrient needed by the animals as shown in the gathered data 

and can be used as alternative feeds for animal production. Likewise, fermentation decreased the pH and 

moisture content of VBAP. Further, it appears to improve the nutrient content and mineral content of VBAP as 

revealed in the analysis results such as dry matter, ash, crude protein, crude fiber, crude fat, nitrogen free extract 

and mineral content analysis such as calcium and phosphorus. Therefore, animal nutritionist, farmers and 

practitioners could use fermentation as other way of improving the nutritional value of VBAP. Continuing 

research on nutrient analysis, fermentation, and practical application of VBAP should be the concentration on 

future study. 
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