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IN VITRO STUDIES OF THE DIGESTIBILITY OF WATERMELON  

(Citrullus lanatus) PEEL VIA GAS PRODUCTION METHOD 

 

BY 

SYAHIRA BINTI AHMAD DAUD 

 

ABSTRACT 

From time to time, Malaysians are always looking for watermelon as one of their 

favourite fruits. The flesh is appealing to eat freshly or being blended into a refreshing 

drinking juice. However, the peels are left abundantly. As one of the agriculture-by-

products, the excess watermelon peel are then being carried into a study to determine the 

digestibility of watermelon (Citrullus lanatus) peel via dry matter (DM), ash, crude 

protein (CP), crude fibre (CF), neutral detergent fibre (NDF), acid detergent fibre 

(ADF), acid detergent lignin (ADL), in vitro gas production (IV) and in vitro dry matter 

digestibility (IVDMD). Napier grass (Pennisetum purpureum) is used in this experiment 

acting as the basal diet for the ruminants. First treatment consists of (T1 = 100% Napier 

grass + 0% watermelon peel; n=3) followed by Treatment 2 consists (T2 = 90% Napier 

Grass + 10% Watermelon Peel; n=3), Treatment 3 consists of (T3 = 80% Napier grass + 

20% Watermelon peel; n=3), and Treatment 4 consisting (T4 = 70% Napier grass + 30% 

Watermelon peel; n=3). Meanwhile, 100% of watermelon peel (n=3) act as control for 

this experiment. Based on the analysis, it shows that the Dry Matter (DM), ash, crude 
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protein (CP), in vitro gas production (IV) and in vitro dry matter digestibility (IVDMD) 

has shown significant results (P<0.05) compared to the neutral detergent fibre (NDF), 

acid detergent fibre (ADF), acid detergent lignin (ADL). In IVDMD, Treatment 4 shows 

the best results (47.50%) indicate that it has the highest digestibility compare to other 

treatments. Hence, it is proved that watermelon peel is a good agriculture-by-products. 

In the study of in vitro gas production, watermelon peels in Treatment 4 shows good 

results proving that it can easily being digested by ruminants. As recommendation, the 

excessively abundant watermelon peels should be utilized as animal feed as one of 

agriculture by-product. In conclusion, as a high digestibility feed ingredient, watermelon 

peel should be recycled as the animal feed of small ruminants as it gives a good 

digestibility and highly nutritious to the animal. 
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KAJIAN IN VITRO TERHADAP KULIT TEMBIKAI (Citrullus lanatus)  

MELALUI KAEDAH PENGELUARAN GAS 

 

OLEH 

SYAHIRA BINTI AHMAD DAUD 

ABSTRAK 

 

Tembikai merupakan buah-buahan tropika yang menjadi salah satu kegemaran rakyat 

Malaysia. Isinya yang manis dan menyegarkan menjadi pilihan sama ada di makan 

begitu sahaja atau sebagai jus minuman. Walau bagaimanapun, selepas isinya digunakan 

sebagai produk, kulit tembikai hanya dibiarkan begitu sahaja dengan banyaknya. Oleh 

yang demikian, lebihan kulit tembikai kajian untuk menentukan penghadaman kulit 

tembikai melalui bahan kering (DM), abu, protein kasar (CP), gentian neutral detergen 

(NDF), gentian asid detergen (ADF), lignin detergen asid (ADL), pencernaan in vitro 

(IV) dan pencernaan in vitro bahan kering (IVDMD). Rumput Napier (Pennisetum 

purpureum) digunakan dalam eksperimen ini yang bertindak sebagai diet asas untuk 

ruminan. Rawatan pertama yang terdiri (T1 = 100% rumput Napier + 0% kulit tembikai; 

n = 3) diikuti dengan Rawatan 2 terdiri (T2 = 90% rumput Napier + 10% kulit Tembikai; 

n = 3), Rawatan 3 terdiri daripada (T3 = 80% rumput Napier + 20% kulit Tembikai; n = 

3), dan Rawatan 4 terdiri daripada (T4 = 70% rumput Napier + 30% kulit Tembikai; n = 

3). Sementara itu, 100% daripada tembikai kulit (n = 3) bertindak sebagai sampel 

kawalan untuk eksperimen ini. Berdasarkan analisis yang dilakukan, keputusan 
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menunjukkan bahawa bahan kering (DM), abu, protein kasar (CP), pencernaan in vitro 

(IV) dan pencernaan in vitro bahan kering (IVDMD) telah menunjukkan hasil yang 

signifikan (P <0.05) berbanding dengan gentian neutral detergen (NDF), gentian asid 

detergen (ADF) dan lignin detergen asid (ADL). Oleh itu, kulit tembikai adalah bahan 

sampingan pertanian yang sesuai sebagai makanan haiwan kerana ia mempunyai kadar 

penghadaman yang tinggi melalui kajian IVDMD (47.50%). Dalam kajian pengeluaran 

gas in vitro pula, kulit tembikai menunjukkan keputusan yang baik dan membuktikan 

bahawa ia boleh dicerna oleh bakteria di dalam rumen. Sebagai cadangan, kulit tembikai 

hendaklah digunakan dengan bijak sebagai makanan haiwan hasil dari produk 

sampingan pertanian. Kesimpulannya, lebihan kulit tembikai yang banyak tidak harus 

terus dibuang begitu sahaja. Ia hendaklah dikitar semula sebagai makanan ruminant 

kecil kerana ianya mempunyai kadar penghadaman dan nutrisi yang tinggi. 
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CHAPTER 1 

INTRODUCTION 

 

Fruit wastes, which had been disposed from most kitchens, fruit stalls and juice dealers 

in Malaysia is considered as one of feed source and agriculture by-products for ruminant 

in order to recycle environmental waste and reduce the cost of animal feed production. 

The nutritive value of fruit skins, specifically watermelon (Citrullus lanatus) residues 

are attractive sources of dietary fibre and of course highly digestible by ruminants. The 

digestibility by ruminants can be measured by using in vitro gas production technique. 

In vitro gas production technique was initially proposed by Menke et al., (1979) to 

assess digestibility and metabolizable energy (ME) content of feeds commonly fed to 

ruminants. This technique is one of the easiest ways to measure gas production as it is 

less time consuming and less expensive. This technique enables selection of feed or feed 

constituents for high efficiency of microbial protein synthesis in the rumen along with 

considerable dry matter digestibility, and provides a basis for development of feeding 

strategies to maximise substrate fixation into microbial cells. The purpose of this study 

was to measure the digestibility of watermelon peels (Citrullus lanatus) via in vitro gas 

production technique by rumen fluid fermentation.  
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1.1 Objectives 

1.1.1 General objectives 

 To measure the digestibility of watermelon peels (Citrullus lanatus) via in vitro 

 gas production technique. 

1.1.2 The specific objectives are: 

 To determine the effect of fruit waste (watermelon peel) as digestible 

animal feed by measuring the gas production under anaerobic condition. 

  To determine the optimum percentage of the watermelon needed in animal 

diet. 

  To measure IVDMD at post in vitro gas production. 

 

1.2 Significance of the Study 

To use fruit wastes as animal feed. The excessive watermelon peel should be used into 

something beneficial to animals.  



© C
OPYRIG

HT U
PM

 
 
 

29 
 

REFERENCES 

 

 

A. SSouad, P. Jamal, K. Olorunnisola Effective jam preparations from watermelon 

 waste International Food Research Journal, 19 (4) (2012), pp. 1545–1549 

A.M. Rimando, P.M. Perkins-Veazie Determination of citrulline in watermelon rind 

 Journal of Chromatography A, 1078 (1) (2005), pp. 196–200 

Asplund J.M., Berg R.T., McElroy L.W., Pigden W.J. 1958. Dry matter loss and 

 volatile fatty acid production in the artificial rumen as indices of forage 

 quality. Can. J. anim. Sci., 38: 171 

CIRAD, 1991. Laboratory data 1963-1991. CIRAD from 

 http://www.feedipedia.org/node/11488 

Donefer E., Crampton E.W. and Lloyd L.E. 1960. Prediction of the nutritive value of 

 forage from in vitro rumen fermentation data. J. Anim. Sci., 19 : 545 – 552. 

E.R. Ørskov, F.D.DeB. Hovell, F.L. Mould The use of the nylon bag technique for the 

 evaluation of feedstuffs Trop. Anim. Prod., 5 (1980), pp. 195–213 

El Shazly, K. ; Ibrahim, E. A. ; Kara, H. A., 1963. Nutritional value of date seeds for 

 sheep. J. Anim. Sci., 22 (4): 894-897 

F. Dane, J. Liu Diversity and origin of cultivated and citron type watermelon (Citrullus 

 lanatus) Genetic Resources and Crop Evolution, 54 (6) (2007), pp. 1255–1265 

Forage Evaluation in Ruminant Nutrition. Edited by D I Givens, E Owen, R F E Axford 

 and M M Omed. Wallingford, Oxon, UK: CABI Publishing. 2000. pp 480. 

G. Getachew, P.H. Robinson, J.W. Cone Evaluation of associative effects of feeds 

 using in vitro gas production J. Anim. Sci., 81 (2003), pp. 337 

Getachew, G.; Blümmel, M.;   Makkar, H.P.S.; Becker, K. (1998) Animal Feed Science 

 and Technology vol. 72 (3) pp. 261-281 

Gwayumba W, Christensen DA, McKinnon JJ, Yu P (2002). Dry matter intake, 

 digestibility and milk yield by Friesian cows fed two Napier grass varieties. 

 Asian-Aust. J. Anim. Sci., 15(4): 516-521. 

http://www.feedipedia.org/node/11488


© C
OPYRIG

HT U
PM

 
 
 

30 
 

H. Mandel, N. Levy, S. Izkovitch, S.H. Korman Elevated plasma citrulline and arginine 

 due to consumption of Citrullus vulgaris (watermelon) Journal of Inherited 

 Metabolic Disease, 28 (4) (2005), pp. 467–472 

Hanan M.A. Al-Sayed, A. R. (2013). Utilization of watermelon rinds and sharlyn melon 

 peels as a natural source of dietary fiber and antioxidants in cake. Annals of 

 Agricultural Science, pp. 83-95. 

Islam MR, Saha CK, Sarker NR, Jalil MA, Hasanuzzaman M (2003). Effect of variety 

on  proportion of botanical fractions and nutritive value of different Napier grass 

 (Pennisetum purpureum) and relationship between botanical fractions and 

 nutritive value. Asian – Aust. J. Anim. Sci. 16(6): B 37-842 

J.M Tilley, R.A Terry A two stage technique for the in vitro digestion of forage 

 cropsJ. Br. Grassland Soc., 18 (1963), pp. 104–111. 

K.H. Menke, L. Raab, A. Salewski, H. Steingass, D. Fritz, W. Schneider The estimation 

 of the digestibility and metabolizable energy content of ruminant feedingstuffs 

 from the gas production when they are incubated with rumen liquor in vitro J. 

 Agric. Sci., 93 (1979), pp. 217–222 

K.O. Falade, J.C. Igbeka, F.A. Ayanwuyi Kinetics of mass transfer, and colour changes 

 during osmotic dehydration of watermelon Journal of Food Engineering, 80 (3) 

 (2007), pp. 979–985 

M. Blu¨mmel, E. Ø. (1993). Comparison of in vitro gas production and nylon bag 

 degradability of roughages in predicting feed intake in cattle. Animal Feed 

 Science and Technology, 109-119. 

M.D. Carro, S. Lopez, J.S. Gonzalez, F.J. Ovejero Comparison of laboratory methods 

 for predicting digestibility of hay in sheep Small Rumin. Res., 14 (1994),           

 pp. 9–17 

M. Gontero, A. Brandelli, C.Z. Noreña Production of crystallized fruit from watermelon 

 rind Ciencia e Investigación Agraria, 37 (2) (2010), pp. 55–60 

Michael K. Theodorou, B. A. (1994). A simple gas production method using a pressure 

 transducer to determine the fermentation kinetics of ruminant feeds. Animal 

 Feed Science and Technology, pp. 185-197. 

N Iantcheva, H Steingass, N Todorov, D Pavlov Comparison of in vitro rumen fluid and 

 enzymatic methods to predict digestibility and energy value of grass and alfalfa 

 hay Anim. Feed Sci. Technol., 81 (1999), pp. 333–344 



© C
OPYRIG

HT U
PM

 
 
 

31 
 

Nawal, N.Z., Zeitoun, M.A.M., Barbary, O.M., 2008. Utilization of some vegetables and 

 fruits waste as natural antioxidants. Alex Journal of Food Science & Technology 

 5 (1), pp. 1–11 

Osuji, P.O., Nsahlai, I.V., Khalili, H., 1993. Feed Evaluation. ILCA Manual 5. 

 International Livestock Centre for Africa, Addis Ababa, Ethiopia, pp. 40. 

P.J. Van Soest, R.H. Wine, L.A. Moore Estimation of the true digestibility of forages by 

 the in vitro digestion of cell walls Proc. 10th Int. Grassland Congress, 7–16 July 

 1966, Helsinki (1966), pp. 438–441 

R.J. Jones, P. Barnes In vitro digestibility assessment of tropical shrub legumes using 

 rumen fluid or faecal fluid as the inoculum source Trop. Grasslands, 30 (1996), 

 pp. 374–377 

S. Li, T. Lambros, Z. Wang, R. Goodnow, C. Ho Efficient and scalable method in 

 isolation of polymethoxy flavones from orange peel extract by supercritical fluid 

 chromatography Journal of Chromatography, B846 (2007), pp. 291–297 

S.Y. Quek, N.K. Chok, P. Swedlund The physicochemical properties of spray-dried 

 watermelon powders Chemical Engineering and Processing: Process 

 Intensification, 46 (5) (2007), pp. 386–392 

Topps, J.H., 1996. Assessment of forage legumes as protein-rich supplement in 

 ruminant production systems in Zimbabwe. In: Ndikumana, J., de Leeuw, P. 

 (Eds.), Sustainable Feed Production and Utilisation for Smallholder 

 Livestock Enterprises in Sub-Saharan Africa, Proceedings of the Second 

 African Feed Resources Network (AFRNET). Harare, Zimbabwe, 6–10 

 December 1996. AFRNET (African Feed Resources Network), Nairobi, 

 Kenya, 201 pp. 

Weiss, 1994 Weiss, P.W., 1994. Estimation of digestibility of forages by laboratory 

 methods. In: Fahey, G.C., Collins, M., Mertens, D.R., Moser, E. (Eds.), 

 Forage Quality, Evaluation and Utilization. Madison, American Society of 

 Agronomy Inc., Crop Science of America Inc. and Soil Science Society of 

 America Inc., pp. 644–682. 

 

 

 

  




