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ABSTRACT

The effect of electron beam (EB) radiation on thg-autritional factors (ANFs) of unconventionabpt based feed
ingredients such as cotton seed cake; rubber sakd and soybean meal were studied. All the thrgeeiients

were exposed to O (control), 5, 10, 15 or 50 KGyelettron beam. The anti-nutritional factors exaetnvere

phytic acid, tannin and hydrocyanic acid. The résuevealed that EB irradiation significantly redaet (P<0.05)

the phytic acid, tannin and hydrocyanic acid comtenall the three ingredients. The degradationAMFs varied

with respect to dose of electron beam radiation #ralfeed ingredients as well. Using broken linalgsis it was

found that a radiation of 9.33 KGy was found toolpéimum to reduce hydrocyanic acid, phytic acid gnthic acid

to the extent of 34, 63, and 22%, respectivelys Tinadiation method appears to be user friendlyngared to

traditional methods for reducing the ANFs presenthie plant ingredients.
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INTRODUCTION

Aquafeed industry has shown consistent growth otiad 8% during the last two decades globally. Thidue to
increased consumption of fish among the health @ons population which inclined towards consumptimn
quality animal protein. The global animal feed protibn is 954 million tons out of which 34 millidons (3.6%)
are contributed by aquafeed indugy. The projected global aquaculture production bg12i3 79 million tong6]
considering the current growth rate. To fulfill theojected target, aquafeed industry demands althosé fold
increase of aquafeed by 2021, which requires itrfrakire as well as availability of raw ingredieriEde increasing
price of feed ingredients and increasing manufauguand transportation costs are, therefore, likelhave a huge
impact on global production and the price of aged$e As the feed ingredients are also used in ditrestock feed,
the conventional feed ingredients are becomingcscatay by day. For cost effective aquafeed itripdrative to
use unconventional feed ingredients. Generally onentional feed ingredients have the limitatiodé&included in
the aquafeed due to the presence of ANFY. Effective methods to remove these ANFs facilittiteir use in
aquafeed. Though many methods are available mdbkeaf are not in use due to cumbersome technitiezxe a
user friendly technique to destroy or remove th&NEs from the unconventional feed ingredients mvitable for
development of cost effective aquafeed.

In the present study rubber seed cake, cottoncaaand raw soybean meal were selected for itradias ANFs
are high in these ingredients. Rubber seed cakecaitdn seed cake are produced after extractingithieom it
which is available in plenty in local market. Soghemeal is easily available and commonly used ed ifegredient
after given a heat treatmefhytic acid, tannin and hydrocyanic acid are thegimost dominating ANFs present in
these unconventional ingredients in addition toepthntinutrients. Though many traditional methottermal
process, soaking, germination, dry heat) are aveailtor reducing the ANFs but most of these areuset friendly.
EB irradiation has been proved to be successfuleicontamination, disinfestations and improvemenbrall
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qualities of food and agricultural commoditidst, 5, 11] Radiation processing has also been shown to eeduc
inactivate some of the ANFs in wild leguminous seed, thereby enhancing their edibil[ty6, 13]. Information
pertaining to nutritional, anti-nutritional and eaf characteristics of unconventional aqua-feedeidignts will be a
basic necessity, prior to addition to fish feed aminmercialisation. The main aim of the presenttis to
ascertain the impact of EB irradiation on the amitiritional component of some locally available gratal
unconventional fish feed ingredients. The resulttld present study intends to provide information the
successful utilisation of electron beam irradiatedonventional feed ingredients in fish feed inesrtb reduce the
feed cost.

MATERIALS AND METHODS

Sample preparation and irradiation

Ingredients such as rubber seed cake, cotton sdwedand soybean meal were selected for electran eadiation.
EB radiations emitted from the Microtron were passwough the ingredients. The samples were irtadiaith 5,
10, 15, 50 KGy EB radiations. The sample without mradiation was served as control.

Freed ingredients were packed in a specially desidn-axially oriented polypropylene bags (BOPP 2% x 6
cm) and exposed to EB radiation at the Microtromt@e Mangalore University, India to doses of 5, 18 and 50
KGy at room temperature (25¥1). The dose rate of the electron beam was 500 Gylmadiation was carried out
by exposing both sides of the feed for uniformityie absorbed dose was measured using a Curregrdtue
(connected to a Fast Current Transformer in thanbtansport line) which was calibrated against appate
dosimeters.

Estimation of ANFs

Phytic acid

Phytic acid was extracted from the finely groundhpkes and determined by adapting standard procediil®g
About 2 g of sample was extracted with 1.2% HCI (@ containing sodium sulphate (10%) for 2 hr @m
temperature (258C) and centrifuged. The volume was made up to 1Qwithh the extracting solvent. Phytate
phosphorus was estimated before and after pretguitaf phytic acid by FeGl Five ml of the above extract was
taken to which 3 ml of Feghkolution (Fed, 2g + concentrated HCI, 16.3 ml, diluted to 1 lgsnsadded, stirred and
boiled for 75 min in a boiling water bath, cooletddeft at room temperature (1hr) prior to cengdtion (2000
rpm, 10 min) and filtration (Whatman No.1). The supatant made up to 10 ml with distilled water wasd for the
assay. Analysis of soluble phosphorus was donehley method described by Bartldit] using ammonium
molybdate reagent. The absorbance was recorde@®Gmh after 30 min with KHPO, as standard. Phytate
phosphorus was determined by the following formula:

Phytate phosphorus = A x 28.18 / 100
Where A = Phytic acid

Hydrocyanic acid

Hydrocyanic acid content of feed was estimatedhgyrhethod of AOAJ4]. About 10-20 g samples were taken
and finely ground to which 200 ml water was addédvas kept for 2-4 hrs followed by steam distilbat The
distillate (150-160 ml) was collected in a beakentaining about 15 ml NaOH solution (2.5%) and\bkime was
made up to 250 ml. From this 10 ml was taken toctvi® ml NHOH (6N) and 2ml Kl (5%) were added. Finally it
was titrated with (0.02 N) AgNQ End point is the appearance of a giant, permatuebidity, especially against
black background where,

1ml of 0.02N AgNQ = 1.08 mg hydrocyanic acid

Tannin

Tannin was estimated using standard folin-denishowf{l17]. Exactly 0.5 g of the finely ground sample was
weighted and 75 ml water was added to it. The flasis heated gently and boiled for 30 min. It wasnth
centrifuged at 5000 rpm for 20 min and then supamiavas collected in a 100 ml volumetric flask aimel volume
was made up to 100 ml. Then 0.5 ml of the samplmeixwas transferred to a flask containing 7.5water and
0.5ml of Folin- Denis reagent to which 1 ml J&&; solution was added and diluted to 10 ml with wétdbwed

by shaking. The absorbance was noted at 700 nm3#ftenin. A blank was prepared instead of samplstahdard
curve was prepared and tannin was estimated.
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Total free amino acid (TFA)

TFA was estimated by using Moore and Stdi@] procedure. Exactly 0.5 g finely ground sample wa®n for
making a homogenate to which 5-10 ml of 80% ethama$ added, filtered, centrifuged and saved theatd.
Extraction was repeated twice with the residue pmoled all the supernatants. 0.1ml extract wasntaked 1 ml
ninhydrin solution was added. The volume was maméw2 ml with distilled water. Tubes were heatedoiling
water bath for 20 min and 5 ml diluents were adidddwed by mixing. After 15 min reading was takan570 nm.

Statistical analysis
The mean values were analyzed by using the statis§oftware SPSS version 14.0. Mean values between
treatments were compared using Duncan multipleeaest. Difference were considered at significaofa@<0.05).

RESULTS AND DISCUSSION

Reduction of ANFs

Phytic acid

The phytic acid content of different feed ingredgeranged from 355.79 to 883.89 mg/100g with higiresoybean
meal (tablel). The reduction of phytic acid inceshsvith the increase of the irradiation doses. Bteakdown of
phytic acid by EB radiation may be attributed teaslage in the structure or to the formation of itobphosphate
due to the action of free radicals generated duradiplysis[2]. Maximum reduction of phytic acid (84.55%) was
recorded in soybean meal followed by rubber se&d (fig1). However, only 48.84% of reduction wasrfd in the
cotton seed cake. This indicates that EB irradiatias not that much effective in reducing the phgtid content
in cotton seed which may be due to the presendegtf fiber. The optimum doses of the electron béameduce
the ANFs appear to be ingredient specific, whergimam reduction was found in soybean meal thanothers.
Bhat et al[15] reported complete elimination of phytic acid at GKEB radiations without affecting the nutritional
quality of lotus seed. Similar observation was atgworted by many authors in different bean viz 2&#uction of
phytic acid in carioca beans and 14% reduction &sanar bean exposed to 5 KGy EB radiatigrand 15.25% in
broad bean when exposed to 10 KGy gamma radigti@is

Phytic acid
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Fig 1. Reduction of Phytic acid (%) due to exposur to electron beam radiation

Hydrocyanic acid

The hydrocyanic acid of the ingredients ranged f&69 - 3.2 mg/100g feed with highest in rubbedseske (table
1). Hydrocyanic acid content in all the ingrediergduced significantly (P< 0.05) with increaseadiation level up
to 50 KGy. Maximum reduction of hydrocyanic acid)(&nong the three ingredients was found in rubbed £ake
(fig 2). Hence, EB irradiation can be considered-aneffective to reduce hydrocyanic acid contentulber seed
cake than the cotton seed cake and soybean mealylean meal 50 KGy radiation exhibited highedtiction of

hydrocyanic acid. However, above 5 KGy the peragmteeduction of hydrocyanic acid was not signiftban
different from other irradiation doses. Hence, 5yKi@diations appear to be optimum to reduce thedoydnic acid
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in soybean meal. The efficacy of EB irradiationwsbd different trend to reduce the hydrocyanic aeicubber seed
cake. 15 KGy and 50 KGy radiation reduces 42.5%65% hydrocyanic acid respectively of rubber sesddedFig
2) which are not significantly different (P>0.0%ence, it indicates that 15 KGy is optimum to reslube
hydrocyanic acid in rubber seed cake. Cotton sed@ cegistered maximum reduction of hydrocyanicl ati 50
KGy radiation which indicates that EB irradiatia not that much effective in reducing the hydrodéyaactid in
cotton seed cake. Results from this study revetidetlEB irradiation can easily break down the hygtemic acid
content in soybean meal compared to rubber seedlarak cotton seed cake.
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Fig 2. Reduction of Hydrocyanic acid (%) due tox@osure to electron beam radiation

Table 1. Phytic acid (mg Phytic acid /100g of samg) and hydrocyanic acid (mg HCN/100g of sample) otent of different feed
ingredients exposed to electron beam radiation.

. Rubber seed cake Cotton seed cake Soybean meal
Treatments Iradiation . . Hydrocyanic . . Hydrocyanic . . Hydrocyanic
(KGy) Phytic acid acid Phytic acid acid Phytic acid acid

0 443.38+10.35 3.20+0.25 355.79+13.12 2.69+0.16 883.89+55.11 3.16+0.16
5 222.69+18.25 2.75+0.19 308.90+14.33 2.20+0.18 729.59+83.90 2.04+0.18
10 174.41+10.3% 2.51+0.2%¢ 268.90+20.02 1.630.09 564.07+56.56 1.84+0.09
15 129.58+3.4% 1.84+0.09" 212.35+2.75% 1.58+0.0% 191.66+13.45% 2.05+0.08
50 105.45+10.65 1.12+0.09 182.00+9.65 1.21+0.08 136.48+13.79 1.54+0.08

Mean value in the column with different superscdiffier significantly (P<0.05). Data expressed asan + SE

Tannin

The tannin content of the ingredients ranged frod®5 6.79 mg/100g feed with highest in cotton se&kk (table
2). Maximum reduction of tannin for all the ingredts was recorded at 10 KGy radiation (fig 3) sstigg 10 KGy
radiation is optimum to reduce the maximum levetasfnin content in various feed ingredients. Toletlal.[20]
also reported a maximum reduction of tannin in saybmeal exposed to 8 KGy of gamma radiation. Mikncio
et al.[1] reported similar to our study where tannin contdrdarioca and macacar seed decreased with EBticadia
at 10 KGy. Whereas, Bhat et Hl4] reported the complete reduction of tannin of Ictesd at 5 KGy EB radiations.
Unlike cotton seed cake, rubber seed cake exhilsibatewhat resistant to tannin degradation whenssgpto EB
radiation. This indicates that EB irradiation igtiedient specific to reduce the tannin also.

Total free amino acid (TFA)

The initial TFA was found maximum in rubber seededollowed by soybean meal and lowest value foimd
cotton seed cake (table 2). Maximum production &ATior all the three ingredients was found at 10yKG
radiations. Cotton seed cake showed highest primtuctf TFA at 10 KGy radiations which was signifinthy
different from other treatments, indicating theipes impact of EB irradiation on TFA of cotton skeake.
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Fig 3. Reduction of Tannin (%) due to exposure telectron radiation

Table 2. Tannin (mg tannin/100g of sample) and totdree amino acid (pg /100g of ample) content of fierent feed ingredients exposed to
electron beam radiation

Treatments Irradiation Rubber seed cake Cotton seed cake Soybean meal
(KGy) Tannin Free amino acid Tannin Free amino acid Tranni Free amino acid

0 5.08+0.1% 6.81+0.14 5.54+0.18 1.06+0.09 6.79+0.17 3.45+0.1%

5 4.6620.29 8.66+0.23" 4.89+0.29 1.37+0.26 6.08+0.10" 3.92+0.14

10 3.9+0.28 9.86+0.39 4.24+0.32 2.41+0.1% 5.05+0.47 3.92+0.08

15 4.630.25 8.57+0.56" 4.31+0.28 1.25+0.30 5.64+0.46" 3.92+0.17

50 4.360.13 8.1320.24" 4.3940.13 1.46+0.30 6.24+0.35" 3.92+0.1%

Mean value in the column with different superscdiffier significantly (P<0.05). Data expressed asam + SE.
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Fig 4. Broken line graph for optimizing irradiation dose

The reduction of different ANFs appears to be idggrst and dose specific. But it is practically inspible to give
multiple irradiations to reduce many ANFs presantiie ingredient. Hence selecting a single dosehwtan reduce
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the many ANFs to maximum extent is of paramountdrtamce for practical point of view. In this contexbroken
line (fig 4) analysis revealed that when total mtdhn (%) of hydrocyanic acid, phytic acid and temwere pooled
together an optimum level of 9.33 KGy found to reelall the ANFs to the maximum level.

CONCLUSION

Result from this study suggested that EB irradiatian be opted as a simple and user friendly methoeduce the
ANFs in fish feed. 9.33 KGy EB radiation can be sidared as the optimum level to reduce tannin,iplagid and
hydrocyanic acid from unconventional aqua-feeded@gnts. As a physical process, EB irradiationniiefiy has an
upper hand against conventional methods in thectedtu of anti-nutrients. However, the impact on riiigtnal
qualities needs to be studied. This is probablyfitsestudy of its kind where possibility was \b& to reduce many
ANFs of the plant ingredients in a user friendlyywa
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