MICROBIAL SUCCESSION AND EFFECT OF FERMENTATION ON THE
PROXIMATE COMPOSITION OF SWEET POTATO TUBERS, LEAVES AND VINES

ABSTRACT

This study was aimed at determining the effect of fermentation on the proximate composition of
sweet potato tubers, leaves and vines. The study involved the spontaneous fermentation of the
substrates for five days (120h). Physico-chemical properties and microbial counts were
determined during the fermentation period. Lactic acid bacteria and yeasts were isolated and
characterized. Proximate composition of the substrates were determined at the end of the
fermentation period. The results obtained show that the aerobic plate counts range from
6.80x10°+1.00x10°- 8.40x10°+1.00x10°CFU/g, lactic acid" bacteria ‘count range from
1.70x10°+1.30x10°- 1.60x10'+6.00x10° CFU/g and fungal count range:from 2.50x10°+8.00x10*
7.75x10°45.50x10° CFU/g. The counts were significantly different in.most cases (p<0.05). The
lactic acid bacteria and yeast isolated and identified from the study include Lactobacillus
plantarum, L. buchneri, L. delbrueckii,L. brevis, L. lactis, L. fructovorans, L. colloides, L.
pentosus, Leuconostocmesenteroides,Weisellaconfusa,Candidakrusei, C. utilis, C. ciferii, C.
spherical, C. rugosa, C. zeylanoides, C. guilliermondii, C. lipolytica, C. tropicalis, C. boidinii,
Saccharomyces cerevisiae, Rhodoturulaminuta, R. glutinis, Kodamaeaohmeri, Kloekerasp. The
results of the proximate composition show that there was increase in both Nitrogen free extract
and metabolisable energy and decrease in protein content and ash content after fermentation.
Findings from this study imply:that fermentation of these substrates is characterized by a wide
variety of lactic acid bacteria and yeasts with positive effect on the proximate composition of the
substrates.
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1.1INTRODUCTION

Sweet potato is an important staple food crop in Africa in general and Nigeria in particular.
Sweet potato [Ipomoea batatas L. (Lam.)] is among the world's most important, versatile and
underexploited food crops. Nigeria is the leading producer of sweet potato (SP) in Africa with an
estimated average production (1993-2013) of 3.45 million metric tonnes[1]..In Nigeria, the two
common local varieties are the purple skin-white fleshed and the yellow skin-yellow fleshed.
However, improved varieties including orange-fleshed varieties, with varying genetic and
agronomic characteristics are been developed in Nigerian research institutions and released to

farmers [2].

The conventional energy feed sources constitute between 40-65% of formulated poultry diets and
have high price tags as a result of their numerous alternative uses [3]. Among these sources,
maize is the most widely employed for poultry feed formulation. In broiler production, corn
accounts for approximately 55% of the feed[3, 4]. In order to cut down on the high cost of
poultry feed and ultimately cost of broilers and eggs, it is imperative to assess readily available
and cheap alternatives to cereals and soyabeans for poultry feeds production. Sweet potato has
the greatest. potential. as an alternative raw material to maize and soybean in poultry feed

development.

Currently, sweet potato is of low economic value compared to other tubers such as arich potato
and yams. Coupled with this it is easily perishable. Utilising sweet potato in animal feed
production will not only add economic value to it but serve as means of preserving it and that

will free maize for human consumption.



Fermentation is known to improve the nutritional value especially protein content and amino
acid profile of substrates. It is also known to remove anti nutritional factors and improve
digestibility of substrates. Fermentation is also an important means of preservation. Lactic acid
bacteria involve in the fermentation of substrates are known to have probiotics values and can
improve animal health when present in animal feeds. Yeasts on the other hand which are also
important microflora of fermentation contribute to the protein content (as.single cell proteins)
and amino acid and vitamin profile of the substrates. Fermentation can.alsoimprove the
digestibility of sweet potato when consumed by animals thus making the nutrients readily

available for the animals[5, 6].

This research was aimed determining the microorganisms involved in the spontaneous
fermentation of sweet potato tubers, leaves and vines and the effect of fermentation on the
proximate composition of the substrates. It is also part of a preliminary research aimed at

utilizing these substrates for broiler feed formulation.

2.0 MATERIALS AND METHODS

2.1 Collection of sweet potato tubers, leaves and vines

Sweet potato tubers, leaves.and vines were obtained from sweet potato farms in parts of Plateau
state. The white variety of sweet potato was used for this work. The tubers were washed with tap
water and cut into slices. The leaves were removed from the vines. The cut tubers (chips), leaves

and vines were sun-dried.



2.2 Fermentation of the samples
Five kilogrammes (5 kg) each of the dried chips, leaves and vines were submerged in 5litres of
sterile tap water in clean separate plastic buckets. All the buckets were covered and allowed to

ferment spontaneously for 120 h. All fermentations were carried out in triplicates.

2.3 Analysis of the samples during fermentation
Samples were taken every 24 hfor analysis. The analysescarried out include microbial counts,
pH, TTA [7, 8] and Proximate composition[9].

2.4 Microbial counts
A 107 serial dilution of each sample was carried out and. the last.two dilutions inoculated on
appropriate media using the spread plate method.

2.4.1 Aerobic plate count
The last two dilutions were inoculated on Plate Count agar and incubated aerobically at37°C
24h.

2.4.2 Lactic acid bacteria count
The last two dilutions were inoculated on' de Man RogosaSharpes agar and incubated
anaerobically at35°C for 24 - 72h.

2.4.3 Fungal counts
The last two dilutions'were.inoculated on Potato Dextrose agar and incubated aerobically atroom
temperature for24 - 72h.

2.5 ldentification:of lactic acid bacteria isolates

The lactic acid bacteria isolates were identified based on Gram reaction, catalase test and the use
of API 50 CHLKit as described by [10] and [11].



2.6 Identification of yeast isolates

Suspected yeast isolates on Potato Dextrose agar were subjected to Gram staining and
lactophenol cotton blue staining. Large oval cells that are blue in colour and Gram positive were
further identified using API 20C AUX test kit[12].

2.5 pH and Titratable acidity (TTA) determination
Ten grammes(10g) of the samples werehomogenised in 90ml of sterile distilled water.and the pH

values were taken using pH meter (HANNA HI 9025).
Ten milliliters (10ml) of the homogenate from each sample werestitrated against 0.1N sodium
hydroxide (NaOH) for the determination of TTA. The TTA was calculated using the formular

below:

Percentage titratable acidity calculated as lactic acid:

TTA = Titre x Normality of base x chemical factor (0.009018) x 100

Weight of sample
[7. 8]

2.6Proximate analysis of the samples
The fermented and unfermented sweet potato tubers, leaves and vines were analysed for crude

fibre, lipids, ash, moisture, metabolisable energy and nitrogen free extract content [9].

2.7-Statistical analysis

Results obtained were subjected to analysis of variance to establish significant differences.



3.0 RESULTS

The results of the count shows that the aerobic plate count for the tubers range from 2.42x10° +
3.80x10° CFU/g at Oh to 6.80x10° + 1.00x10°> CFU/g at day 5, that of the leaves range from
1.90x10” + 5.00x10°CFU/g to 6.50x10° + 5.00x10°CFU/gwhile that of the vines range from
1.25x10° + 3.86x10°CFU/g to 6.75x10° + 5.50x10°CFU/g. The lactic acid bacteria counts range
from1.70x10° + 1.30x10°CFU/g to 8.90x10° + 4.00x10°CFU/g, 8.40x10° %+ 8.00x10°CFU/g to
1.36x10" + 1.60x10°CFU/g, 4.90x10° + 6.00x10*CFU/g to 5.50x10° + 3.00x10°CFU/g for the
tubers, leaves and vines respectively. The fungal counts range from 4,00x10°% + 5.00x10° to
8.85x10° + 5.00x10*CFU/g. In most cases there is no significant difference between the counts at
different hours of fermentation (p>0.05).At the end of the fermentation the fungi are the most
dominant population with a count of 5.71x10° # 3.00x10°CFU/g which significantly differs from
that of lactic acid bacteria count of 3.95x10°> + 3.00x10°CFU/gand aerobic plate count of
6.75x10° + 5.50x10°CFU/g( p < 0.05).

There was a progressive decrease in pH of the tubers with increase in length of fermentation,
from an initial pH of 5.80 + 0.20 to a final pH of 3.40 + 0.40. There was also progressive
decrease in the pH of the leaves except at 48h. There was also a progressive decrease in the pH
of the vines from.0h to 72h, a slight increase at 96h and a drop at 120h. There is no significant
difference in the pH of the substrates at Oh, 72h and 96h (p>0.05). Significant difference
however exist at 24h, 48h and 120h( p < 0.05). With respect to TTA, there was a progressive
increase in-TTA for both the tubers and vines with increase in the length of fermentation. The
TTA values range between 0.154 + 0.001 at Oh to 0.450 £ 0.002 at 12h, 0.094 + 0.004 to 0.071
0.001, 0.099 + 0.000 to 0.150 + 0.000 for tubers, leaves and vines respectively. In all cases, there

is a significant difference between the TTA values of the substrates( p <0.05). (Table 2).



Table 3 shows the results of the microbial succession with respect to lactic acid bacteria isolates.
The result reveals that Lactobacillusplantarumwas the most dominant organism during the
fermentation of the three different substrates.Lactobacillus fermentum
andLactobacillusplantarum persisted through the fermentation period of the tubers and leaves.
Other lactic acid bacteria associated with fermentation of the tubers include
Lactobacillusbuchneriand  Lactobacillus  breviswhichwere isolated ~at Oh_ to 96h.
Lactobacillusdelbrueckiiwas isolated at Oh and 24h.Lactobacillus lactis was isolated from Oh to
48h. Lactobacillusfructovoranswas not isolated at Oh but was isolated at 24h and 48h.
Lactobacilluscollonoidesand Lactobacillus pentosuswere only isolated at 48h and 96h
respectively. Weisella confuse andLeuconostocmesenteroideswere isolated at 24h to 48h of
leaves fermentation. Lactobacillusplantarumwas alse isolated throughout the vines fermentation.
The result of the fungal succession shows thatCandida utilis and Saccharomyces cerevisiae were
present from the beginning to ~the end of the sweet potato tubers
fermentation.Rhodoturulaminutaand. Rhodoturulaglutiniswere isolated at Oh to 48h but were not
recovered at 72h to 120h. Candida ciferii, Candida rugosaandKodamaeaohmeri were isolated at
48h, C. rugosa persisted to96h, C. ciferiiwas also isolated at 72h.Candida spherical was isolated
at 72h and 96h but not at 120h. From the sweet potato leaves Lactobacillus
fermentum,Lactobacillusplantarum and Lactobacillus pentosuswere the dominant yeast since
they = were isolated from Oh to 72h, with Lactobacillus  fermentum
andLactobagillusplantarumpersisting to the end of the fermentation.Candidaguilliermondii and
Candida tropicalis were present from the beginning of the fermentation of sweet potato vines to

the end, while Kloekeraspand Candida boidinii were isolated at 72h and 96h (Table 4).



The result of the proximate composition is as shown in Table 5. The moisture content of the
tubers increased while that of the leaves and the vines decreased after fermentation. In all cases,
there was a decrease in the protein content after fermentation. The protein content of the tubers
decreased from 26.10% to 6.48% (75.2% decrease), that of the leaves decreased from 18.64% to
17.06% (8.5% decrease) and vines from 7.34% to 7.07% (3.7% decrease). The crude fibre
content of the leaves and vines increased marginally from 20.50% to 30.10% and 32.90% to
39.00% respectively. However, the crude fibre content of the tubers decreased. considerably from
30.00% to 6.40%. The lipid content of the tubers and vines increased marginally while that of the
leaves decreased.The ash content of all the substrates decreased following fermentation, but there

was increase in the free nitrogen extract and metabolisable energy:after fermentation.



Table 1: Microbial counts during the fermentation of substrates

Fermentation

Mean + SD (CFU/qg)

period (hrs) Substrate APC LABC FC
0 Tubers 2.42x10° + 3.80x10°° 4.00x10° + 5.00x10°
Leaves 1.90x10 + 5.00x10°®  8.40x10° + 8.00x10°  5.08x10° + 2.53x10°
Vines 1.25x10° + 3.86x10°° 7.50x10* + 5.50x10*
ANOVA 11.265 3.135
p-value 0.040* 0.184
24 Tubers 2.63x10°% + 2.25x10°"  1.70x10° + 1.30x10° 7.75x10° + 5.50x10°2
Leaves 2.90x10" + 2.00x10%%  1.60x10’ + 6.00x10°%  5.65x10°%+ 3.50x10°"
Vines 1.18x10°%+ 1.25x10°°  4.90x10°+ 6.00x10* 3.40x10°+ 1.00x10*¢
ANOVA 180.999 6.819 102.934
p-value 0.001** 0.077 0.002**
5 4
48 Tubers  2.68x10° £ 2.50x10%"  o-20x107 £58.00x10% o4 106 1 9 00x10°2
Leaves 3.60x10" + 1.00x10%% 1.26x10°+ 2.40x10°% 7.10x10°+ 1.40x10°°2
Vines 1.25x10°%+ 1.05x10°%®. 4.55x10° + 7.50x10%° 1.18x10°+ 1.12x10°°
ANOVA 551.596 25,795 9.497
o-value < 0.001%* 0.013* 0.050
5 5
72 Tubers  2.90x10° £ 1.00x108" 170107 £1.30x10™ 0 106 4 5 50x1052
Leaves 8.40x10° + 7.00x10°% 8.95x10°+ 5.50x10°% 8.10x10°+ 4.00x10°?
Vines 2.80x10%+ 1.20x10°°  2.40x10°+ 2.30x10°° 7.00x10°+ 3.00x10°"
ANOVA 15.881 11.139 94.647
p-valué 0.025* 0.041* 0.002**
96 Tubers 8.55x10%+ 2.75x10°"  6.25x10° + 1.25x10°  5.35x10° + 1.50x10°
Leaves 5.55%10°% + 4.50x10°%  1.06x10’+ 2.60x10°  3.45x10°+ 9.50x10°
Vines 7.50x10° + 5.50x10°°  9.10x10°+ 1.00x10*  1.54x10°+ 5.10x10°
ANOVA 38.832 8.491 9.187
p-value 0.007** 0.058 0.053
6 5
120 Tubers  6.80x10° + 1.00x1050  O-90x107£4.00x10° g o105 1 3.00x10%"
Leaves 6.50x10°+ 5.00x10°® 1.36x10"+ 1.60x10°% 2.50x10°+ 8.00x10%*°¢
Vines 6.75x10°+ 5.50x10°®  5.50x10°+ 3.00x10°" 8.85x10°+ 5.00x10%*?2
Total Mean 5.04x10%+ 4.50x10°%  3.95x10°+ 3.00x10°° 5.71x10°+ 3.00x10°"
ANOVA 62.915 17.662 7019.643
p-value 0.004** 0.022* < 0.001**




Table 2: pH and TTA values during the fermentation of the substrates

Fermentation

period (hrs) Substrate Ph TTA
0 Tubers 5.80 +0.20 0.154 + 0.001%

Leaves 5.85+0.15 0.094 + 0.004°
Vines 6.10 + 0.20 0.099 + 0.000°
ANOVA 0.756 253.415
p-value 0.542 <.0.001**

24 Tubers 4.80 + 0.10° 0.264 +0.002°
Leaves 5.30 + 0.10° 0.099 + 0.000°
Vines 5.90 + 0.10° 0.131 + 0.004°
ANOVA 30.333 1148.450
p-value 0.010* <0.001**

48 Tubers 4.70 + 0.00 0.269 + 0.003"
Leaves 5.45.40.05° 0.099 + 0.000°
Vines 5.15 +0.15 0.133 +0.003"
ANOVA 17.100 1933.940
p-value 0.023* <0.001**

72 Tubers 4,35+.0.01 0.383 + 0.005°
Leaves 5.20.+ 0.10 0.099 + 0.000°
Vines 4.70 £0.20 0.151 + 0.002°
ANOVA 3.174 2365.241
p-value 0.182 <0.001**

96 Tubers 4.10 + 0.10 0.449 + 0.002°
Leaves 5.10 + 0.50 0.077 £+ 0.005°
Vines 4.90 + 0.00 0.150 + 0.003"
ANOVA 3.231 3512.173
p=value 0.179 < 0.001**

120 Tubers 3.40 + 0.40° 0.450 + 0.002°
Leaves 5.55 + 0.05% 0.071 + 0.001°
Vines 4.85 + 0.05 0.150 + 0.000°
ANOVA 21.864 239661.500
p-value 0.016* < 0.001**




Table 3: Lactic acid bacteria succession during the spontaneous fermentation of the substrates

Sa Ohr 24hr 48hr 72hr 96hr 120hr
mp
le
Tu Lactobacillus Lactobacillus Lactobacillus Lactobacill ~ Lactobacill Lactobacil
ber fermentum,Lactobacillus fermentum,Lactobacillus  fermentum,Lactobacillus us us lus
plantarum, plantarum, plantarum, fermentum, fermentum, fermentum,
Lactobacillusbuchneri, Lactobacillusbuchneri, Lactobacilluscollenoides,L  Lactobacill Lactobacill Lactobacil
Lactobacillusdelbrueckit, Lactobacillusdelbrueckii,  actobacillusfructovurans, us us lus
Lactobacillus brevis, Lactobacillusfructovorans Lactobacillusbuchneri, plantarum, plantarum, plantarum
Lactobacillus lactis , Lactobacillus brevis, Lactobacillus brevis, Lactobacill Lactobacill
Lactobacillus lactis Lactobacillus lactis usbuchneri, usbuchneri,
Lactobacill Lactobacill
us brevis us brevis,
Lactobacill
us pentosus
Sw Lactobacillus Lactobacillus Lactobacillus Lactobacill Lactobacill Lactobacil
eet fermentum,Lactobacilluspl fermentum,Lactobacillusp fermentum,Lactobacilluspl  us us lus
pot antarum,Lactobacilluspent lantarum,Lactobacilluspe . antarum,Lactobacilluspent fermentum, fermentum, fermentum,
ato  osus ntosus, Weisellaconfusa, osus, Weisellaconfusa, Lactobacill Lactobacill Lactobacil
lea Leuconostocmesenteroide  Leuconostocmesenteroides — us us lus
ves S plantarum, plantarum  plantarum
Lactobacill
us pentosus
Sw Lactobacillus brevis, Lactobacillus brevis, Lactobacillus brevis, Lactobacill Lactobacill Lactobacil
eet Lactobacillus lactis, Lactobacillus lactis, Lactobacillus lactis, us brevis, us lus
pot Lactobacillus Lactobacillus Lactobacillus Lactobacill plantarum, plantarum
ato fermentum,Lactobacilluspl * fermentum,Lactobacillus  fermentum,Lactobacilluspl  us Weisellacon
vin antarum,Lactobacillusdelb . plantarum, Lactobacillus  antarum,Lactobacillusdelb  plantarum, fusa,
es  rueckii delbrueckii rueckit, Weisellacon Leuconosto
fusa, cmesenteroi
Leuconosto  des

cmesenteroi




des

Table 4: Fungal succession during the spontaneous fermentation of the substrates

Samp
le
Swee
t
potat
0
tuber

Swee
potat

leave

Swee

potat

Ohr

Candida krusei,
Candida utilis,
Saccharomyces
cerevisiae,
Rhodoturulaminuta,
Rhodoturulaglutinis

Candida zeylanoides,
Candida
guilliermondii,Candida
ciferii, Candida krusei,
Candida lipolytica

Candida
guilliermondii,
Candida tropicalis

24hr

Candida krusei,
Candida utilis,
Saccharomyces
cerevisiae,
Rhodoturulaminuta,
Rhodoturulaglutinis

Candida zeylanoides,
Candida
guilliermondii,Candida
ciferii; Candida Krusei,
Candida lipolytica

Candida guilliermondii
Candida tropicalis

48hr

Candida krusei,
Candida utilis,
Candida ciferii,
Candida rugosa
Saccharomyces
cerevisiae,
Rhodoturulamin
uta,
Rhodoturulaglu
tinis,
Kodamaeaohme
ri

Candida
zeylanoides,
Candida
guilliermondii

Candida
guilliermondii
,Candida

72hr

Candida krusei,
Candida.utilis;Candida
ciferii; Candida
spherica; Candida
rugosa, Saccharomyces
cerevisiae
Aspergillusniger
Aspergillusfumigatus
Rhizopusstolonifer

Candida zeylanoides,
Candida guilliermondii
Aspergillusniger

Candida guilliermondii
,Candida
tropicalisCandidamucila

96hr

Candida utilis,
Candidaspherica,
Candida rugosa,
Saccharomyces
cerevisiae
Aspergillusniger
Aspergillusfumiga
tus
Penicilliumcitrinu
m

Candida
zeylanoides,
Candida
guilliermondii
Aspergillusniger
Fusariumverticilli
oides

Candida
guilliermondiiCan
dida tropicalis,

120hr

Candida utilis,
Saccharomyces
cerevisiae
Aspergillusniger
Aspergillusfumiga
tus

Candida
zeylanoides,
Candida
guilliermondii
Fusariumverticilli
oides
Aspergillusniger

Candida
guilliermondiiCan
dida tropicalis




vines

tropicalis

ginosa

Aspergillusniger
Rhizopusstolonifer

Candida
mucilaginosa

Aspergillusniger
Penicilliumcitrinu

Aspergillusniger m

Table 5: Proximate composition of the sweet potato tubers leaves and vines

Samples Moisture Crude Crude Lipids Ash  Nitrogen Free Extract Metabolisable
protein fibre Energy (cal)
Unfermented Sweet potato tuber 8.20 26.10 30.00 0.65 2.15 32.90 241.84
Fermented Sweet potato tuber 11.00 6.48 6.40 0.75 145 73.92 328.35
Unfermented Sweet potato leaves 10.65 18.64 26.50 2.40 1450 27.31 205.40
Fermented Sweet potato leaves 10.10 17.06 30.10 1.40 8.05 33.29 214.00
Unfermented Sweet potato vines 9.05 7.34 32.90 1.20 10.05 39.46 198.00
Fermented Sweet potato vines 7.25 7.07 39.00 1.60 4.05 41.03 206.80

Values based on 100g of sample. Cal = calories






3.0 Discussion

The dominance of fungi during the spontaneous fermentation of the substrates may be due to the
fact the fungal isolates obtained from this study are cellulolytic and amylolytic thus giving them
a competitive advantage over the aerobic mesophilic bacteria and the lactic acid bacteria. In
addition, the moulds isolated during the fermentation are spore formers and can survive during
the fermentation. The low pH during the fermentation also favoured the growth of the fungi. The
aerobic plate count and fungal count obtained during the fermentation of sweet potato tubers in
this study is similar that reported by [5] who reported counts of 9.0x10° to.8.6x10°fu/g and
1.5x10° to 7.4x10°cfu/b respectively.

The progressive decrease in pH and increase in TTA during the fermentation of the substrates
has been reported by other workers in this field [13, 5]. The decrease in pH is due to the
hydrolysis of the complex carbohydrates (starch and cellulose) in the substrates into simple
sugars and the fermentation of the simple sugars into lactic and acetic acid by lactic acid bacteria
and citric acid by Aspergillus niger..According to [14] rapid acidification is advantageous for the
process because it creates unsuitable environment for spoilage and pathogenic organisms thus
improving the safety of the substrates for poultry feed production.

Findings from the microbial succession revealed that Lactobacillus plantarum was the most
predominant ‘organism during the fermentation of the three different substrates. Lactobacillus
fermentum and Lactobacillus plantarum persisted throughout the fermentation period of the
tubers and leaves. This is attributed to their acid tolerant ability. Lactobacillus plantarum has
been reported as the predominant microorganism implicated in several natural and spontaneous
lactic acid fermentation of food-related ecosystem [15, 16]. According to

[17]Lactobacillusplantarum is more acid tolerant and oftendominate fermentation processes of



vegetablesand cereals in particular because of its ability totransport and metabolize different
carbohydrates.According to [18] lactic acid bacteria fermented feeds can protect the intestinal
health of broilers and promote the growth of broilers as well as increase relative weight, villi and
the small intestine. They further reported that a large number of lactic acid bacteria in fermented
feeds can protect the feed from contamination by microorganisms that may be detrimental to
animal health.

The presence of yeast during the fermentation may have positive influence on the quality of the
formulated feeds. It has been reported that feed supplementation with live yeast cells improve
feed efficiency, enhance feed digestibility, increase animal performance, reduce the number of
pathogenic bacteria and generally improve animal health[19].

The decrease in crude protein content observed in this study may be due to the proteolytic
activity of the microorganisms involved in the fermentation. This differs from the findings of
[13] who reported increase in protein content of sweet potato leaves after 3 weeks of
fermentation. The observed decrease in protein content may be due to the proteolytic activity of
the microorganisms involve in the fermentation. This proteolytic activity may increase the
digestibility of the substrates when use in animal feed production.

There observed increase in Nitrogen Free Extract implies higher levels of soluble or near soluble
carbohydrates such as sugars resulting from the degradation of cellulose[13]. This can be seen in
the increase in metabolizable energy of the fermented substrates.

4.0 CONCLUSION

It can be concluded from the findings of this research that the spontaneous fermentation of sweet

potato tubers, leaves and vines is characterized by a wide range of lactic acid bacteria and fungi.



Fermentation had a positive effect on the proximate composition of the substrates such as
increased in metabolisable energy, ash content and also increase digestibility of protein content

of the substrates.
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