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KEY WORDS: ABSTRACT
functional milk, Agro-industrial by-products contain valuable components such as polyphenols that can play a significant role in producing
sustainability, milk with specific properties through rumen fermentation. In Egypt, the buffalo milk chain has a potential market, which

polyphenols, feeding is larger than that for cow milk, especially in small villages. Therefore, this study aims to explore different feed ingredients

strategies, total mixed ~ from agro-waste for enhancing the functional properties of raw buffalo milk including polyphenols, flavonoids, vitamins A,

rations C, a- tocopherol, and conjugated linoleic acid (CLA) contents. For this purpose, thirty dairy water buffalo (Bubalus bubalis)
with a weight of about 520 kg were randomly divided into five groups of six animals each. The first group was fed a basal diet
(silage) without agro-waste, while the other four groups were fed the basal diet after replacing 25% of the diet with different
agro-wastes including barley (snack/bakery waste), sweet potato/carrot, biscuit/cake waste and tomato pomace. The feeding
experimental period lasted 90 days, then milk samples (n=150) were collected. Our results show that adding sweet potato/
carrot or tomato pomace to the basal diet enhanced the contents of vitamins A, C, and phenolic compounds reflecting on the
enhancement of the antioxidant capacity of raw buffalo milk. Concerning the CLA content, the milk samples collected from
buffalo fed the basal diet fortified with tomato pomace and biscuit/cake waste had the highest CLA and a.-tocopherol content.
Therefore, this study recommends using the tested agro-waste ingredients for producing functional buffalo milk, especially
for small-medium milk producers.
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(hyHKYUOHAbHOE ArpornpoMblIIIIeHHbIE OTXOAbI COEP)KAT IeHHbIe KOMIIOHEHTbI, TaKie Kak IMoMM(EeHOIbI, KOTOPble MOTYT UTPATh CYLIECT-
MOJI0KO, IK0JI02U4EeCKAsl BEHHYIO POJIb B BBIPAOOTKE MOJIOKA CO crienuduyeckuMy CBOMCTBaMM B pesyibraTe pyOuoBoii GepmeHTanyu. B Erumnre
ycmotiuugocme, 1ernb OyifBOMHOTO MOJIOKA MMeeT Gojiee KPYITHbIN MOTeHIMAIbHbIN PhIHOK, YeM KOPOBbErO MOJIOKA, OCOOEHHO B HEGOJIb-
nosugeHobL, mMx AepeBHsX. TakuM 06pa3oM, JaHHOE MCCIeoBaHNe HalleJeHO Ha M3yuyeHue PasIMUHbIX KOPMOBBIX MHTPEIUEHTOB OT
cmpamezuu CeJIbCKOXO03SI/ICTBEHHBIX OTXOZOB /IJIsl TTOBBILIEHNST (QYHKIMOHATbHBIX CBOCTB ChIPOTO GYITBOJIMHOTO MOJIOKA, BKITHOYAsl CO-
KopMJeHus, obujue nepkaHue ronudeHonos, GraBoHOMIOB, BUTAMUHOB A, C, o.-ToKo(deposa, 1 KOHbIOTMPOBaHHO JIMHOMEBOM KUCIoThI (CLA).

cmewanHsle payuornst  C 3T0i 11e1bio 30 MostouHbIX GyiiBosoB (Bubalus bubalis) Becom npubausuTenbHo 520 Kr 61U pas3fieneHbl Ha MATh TPYIIIT 10
LIeCTh KMBOTHBIX. [IepBast TpyIia rmosayyana OCHOBHO pal[MOH (CUI0C) 6e3 CeTbCKOX03SIACTBEHHBIX OTXOI0B, B TO BPeMsI Kak
oCTaJIbHbIe YeThIPe TPYIIIbI [TOJyYasyi OCHOBHOI pPaIlMOH C 3aMeHO# 25% palyoHa pasinuHbIMU CeJTbCKOX03SI/ICTBEHHBIMU
OTXOZaMU, BK/IIOYAsT STYMEHDb (OTXOAbI CHEKOB/X/IE600YIOUHBIX U3MAeNuit), caanakuii KapTodeab/MOPKOBb, OTXOMbI TI€UeHbs]/
MUPOKHBIX ¥ TOMAaTHbIE BBIKMMKM. DKCIIepUMEHTAIbHbIN TIepuof, KopMiaeHus aimics 90 nHeit, a 3aTeM 0T6Mpan 06pasiibl
mosoka (n=150). Hamm pesysibTaThl OKa3aju, 4To fo6aBieHe KapTodesis/MOPKOBY WM TOMAaTHBIX BBDKMMOK K OCHOBHO-
My palOHY YBEeIMYMBAIO coepykaHue BUTAaMMHOB A, C 1 peHONMbHBIX COeqVHeHMIA, OTpakasl yCuIeHe aHTMOKCUIaHTHOM
CITIOCOGHOCTHM ChIPOTO OYIfBOMHOTO MOJIoKa. UTo KacaeTcs copepskanust CLA, To 06pasibl MOJIOKa, 0TOGpaHHbIe OT GyiiBOJIOB,
MOJTy4YaBIINX OCHOBHO pannoH, GopTudUIMPOBaHHbBI TOMATHBIMY BIKMMKAMU ¥ OTXOAAMH MeUYeHbs]/ MUPOKHBIX MMeTn
Haubosee Bricokoe comepskanme CLA 1 o-Tokodeposnos. Takum 06pa3oM, JaHHOE UCC/Ie0BaHe PEKOMEHIYeT MCIT0/Ib30Ba-
HMe TeCTUPOBAHHbIX VHTPEIMEHTOB CEeTbCKOX03SIICTBEHHBIX OTXOMOB /ISl TPOU3BOACTBA (QYHKIMOHAIBHOTO OYIIBOIMHOTO
MOJIOKA, 0COGEHHO [JIsT MeJIKUX M CPeIHMX TIPOU3BOAUTENIe/ MOJIOKa.

BJIATOZJAPHOCTbD: ABTOpBI BRIpaskaloT IIyOOKYIO 671arofiapHOCTh HayuHO-MCCIeqoBaTebckoMy mapky Kampcekoro yausepcutera (CURP), Cenbcko-
X03s1/icTBEeHHBII (akyabreT, Kaupckuii yHuBepcureT, Erumer 3a TeXHMUECKYIO O PXKKY

3ASBJIEHUE OB 3TUKE: Bce npoueaypsl ¢ KMBOTHBIMU 6bIIM 0006peHbl CebCKOX03sICTBEHHBIM (hakyabTeToM Kanpckoro yHUBEpCUTETA, Y OCY-
LIeCTB/ISIUCH B COOTBETCTBUM C PYKOBOACTBOM 10 YXOAY U UCIIOTb30BaHMIO JKUBOTHBIX.
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1. Introduction

The increasing global population and the demand for nutritious food
have led to a substantial increase in food waste (FW) generation. This waste
from food manufacturing contributes to environmental pollution, spark-
ing numerous efforts to investigate opportunities for transforming it into
valuable resources [1]. One of the applications of food waste is its use as
valuable and sustainable animal feed, especially, for livestock. This practice
not only repurposes waste that would otherwise be considered valueless
but also makes a significant contribution to environmental protection by
reducing pollution and cutting production costs [1,2]. Therefore, breeders
have turned to using food waste and agro-industrial by-products as alter-
natives to cereal-based concentrates, which tend to be less cost-intensive
[3]. Moreover, the utilization of FW as animal feed offers a solution that
not only addresses challenges related to FW management and food secu-
rity but also reduces the demand for traditional feed development. On the
other hand, these FW (natural by-products) with antimicrobial and antioxi-
dant properties are recognized as potential sources of phenolic bioactive
compounds, contributing to valuable health benefits [4]. Numerous studies
have investigated the potential utilization of diverse manufacturing by-
products. The increasing availability of different types of agro-industrial
by-products has long raised interest in animal nutrition [5]. Agro-industrial
wastes such as citrus peels are rich in polyphenols that can be used as feed
ingredients [6] and they also can enhance the shelf-life of different types of
dairy foods such as fermented milk [7].

Furthermore, microbial fermentation of agro-industrial wastes by ru-
men microbiota either in vitro or in vivo is a useful strategy for enhancing
the production performance of ruminants [8]. Kaltenegger et al. [9] showed
that bakery by-products used in the replacement of grains enhanced milk
performance, modulated blood metabolic profile, and lowered the risk of
rumen acidosis in dairy cows. The industrial tomato pomace (TP) as a by-
product of the tomato industry contains 16% crude protein, 57% neutral
detergent fiber, 44% acid detergent fiber, 8% ether extract (EE), and 24%
lignin [10], and it showed a good acceptability by animals. Therefore, it has
been used as a feed ingredient for small ruminants [11] and it can enhance
lactation of goats [12]. Furthermore, addition of yeast as a feed ingredient
in either active or heat-treated form can enhance rumen bacterial popula-
tion and milk fermentation by starter cultures [13,14].

Recently, animal feed combining herbage and total mixed rations
(TMR) is increasingly used in temperate regions for feeding ruminants,
but little information is available regarding the effects on nutrient intake
and digestion of this feeding management in beef cattle [15]. The objec-
tive of this study is to examine how incorporating various agricultural
by-products (such as corn snack waste, sweet potato/carrot, biscuit/cake
waste, or tomato pomace) into animal feed affects the improvement of
the antioxidant activity, as well as the levels of vitamins (A and C), conju-
gated linoleic acid, and polyphenol contents in buffalo milk.

2. Material and Methods

2.1. Animals and feeding protocol

Animals were kept and handled at the farm of the Faculty of Agri-
culture, Cairo University, Giza Governorate during winter of 2023. Thirty
dairy water buffalo (Bubalus bubalis) with a weight of about 520 kg were
randomly divided into five groups of six animals each. The first group was
fed a basal diet (silage) without agro-waste while the other four groups
were fed the basal diet after replacing 25% of the diet with different agro-
wastes including barley (snack /bakery waste), sweet potato / carrot, bis-
cuit/cake waste and tomato pomace. The feeding experimental period
lasted 90 days in the mid-lactation period. Animals were housed indi-
vidually in soil-surfaced tie stalls (4.5 m*animal), under shade, without
any bedding and with free access to water and diets.

2.2. Chemical characteristics of animal feed

The by-products and silage samples were analyzed in terms of mois-
ture, crude protein, ash, and crude fiber. Dry matter (DM) was determined
by drying samples at 105 °C for 3 hrs (Bio Gene Laboratory Air Oven, Chi-
na), ash content was determined by ashing in a muffle furnace (Naber-
therm GmbH, Lilienthal, Germany) at 550 °C for 8 hrs. The nitrogen (N)
content was estimated using the Kjeldahl method [16]. Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) determinations were based on
the method of Van Soest et al. [16] using an ANKOM fiber analyzer. Feed
was analyzed for the proximate composition according to [17] and nitro-
gen free extract was calculated by the equation: NFE= 100 — (% Mois-
ture+% Ash+% Crude protein+% EE +% Crude fiber).

2.3. Chemical composition of milk samples
Milk samples were analyzed for moisture, lactose, fat, protein and ash
as previously described by Olagunju et al. [18].

2.4. Determination of the total phenolic content

The Folin Ciocalteu reagent was used for the analysis of the total
phenolic content [19] and the total flavonoid content was measured by a
colorimetric assay according to Zhishen et al. [20].

2.5. Determination of vitamins A, C and alpha-tocopherol

Vitamins A and C were assessed in milk samples using a spectropho-
tometric method as described by [21,22]. For measuring vitamins A and C,
the method was based on reduction of 2,6-dichloroindophenol by ascorbic
acid (AA) in acidic solution whereas 2,6-dichloroindophenol had an ab-
sorption maximum at 518 nm and, when reduced by AA, this chromophore
disappears. The UV/Vis spectrophotometer (Jenway, 6305) was adjusted
at 620 nm for measuring vitamin A. In the case of alpha-tocopherol, milk
lipids were extracted through a process involving centrifugation followed
by alcohol-hexane extraction. The concentration of tocopherol was then
calculated using the equation provided by Erickson and Dunkley [22].

2.6. Determination of conjugated linoleic acid (CLA)

CLA was determined according to Abd El-Salam et al. [23]. Briefly, fat
was extracted with ethanol from different milk samples and the absorbance
of the extract was measured at 233 nm. The CLA concentration was deter-
mined from a standard curve of CLA prepared by plotting the absorption at
233 nm of the standard pure CLA solutions (0.1-1 mg CLA mL™") in ethanol.

2.7. Identification and quantification of phenolic compounds fractions by
high performance liquid chromatography (HPLC)

All milk samples were subjected to extraction by mixing with 10 ml
of 80% methanol for 2 min, then centrifuged at 25.000xg for 10 min. The
supernatant was decanted into a round-bottom flask. The pellet was re-
suspended in 80% methanol (2x5ml) and centrifuged at 25.000xg for 10
min. The supernatants were combined, filtered through a 0.20 um Mil-
lipore membrane filter and then brought up to a known volume (25 ml).
Three milliliters were collected in a vial for subsequent HPLC analysis as
previously described by Tafesh et al. [24]. Phenolic acid compounds were
quantified using an Agilent-1260 series HPLC system (USA) and the phe-
nolic acids were expressed as mg/kg sample on dry weight basis.

2.8. Analysis of fatty acid composition by gas chromatography (GC)

Firstly, fat from different milk samples was mixed with methanolic hy-
drogen chloride (15 mL HCI and 85 mL methanol) in a screw capped test
tube and heated at 100 °C for 60 min until fat was fully dissolved. After
that, the test tube was cooled down to room temperature. Then, 2 mL of
distilled water and 2 mL of n-hexane were added to the tubes followed by
vertexing (Vortex Mixer VX-200) at 1,500 rpm for 2 min. After vertexing,
the tube was placed down for 5 min, or until two layers were separated.
Then, the supernatant was poured into a tube containing 1 g of anhy-
drous sodium sulphate, which was transferred to GC vials and injected
into the GC-MS (Agilent Technologies 5977A, USA) using a SP-2560 cap-
illary column (75 m x 0.1 mm, DF 0.14 pym). GC-MS analysis was carried
out according to Wang et al. [25].

2.9. Antioxidant activity

The antioxidant activity was measured by estimating the free radical
scavenging activity using the 2,2 -diphenyl 1,1-picryl hydrazyl (DPPH)
radical scavenging assay according to El-Maksoud et al. [26].

2.10. Ethics statement

These animals received humane care in compliance with the guide-
lines of the Institutional Animal Care and Use Committee of Cairo Uni-
versity (No CU II 6223; Nov 2023).

2.11. Statistical Analyses

Results were statistically analyzed with the SAS statistical package
(version 9.4, SAS Institute, Cary, NC). Data were expressed as a mean
of three replicates * standard deviation (SD). Duncan test and one-way
analysis of variance were used.

3. Results and discussion

3.1. Chemical composition and nutritional value of animal feed

In this study, data on production gathered from five farms revealed
significant differences in feed consumption both among and within the
five feed systems. The results of the analysis of the chemical composition
(moisture, ash, crude fiber, crude protein, EE, and NFE) of different studied
agro-industrial and food waste are presented in Table 1. It was found that
high variability between the chemical composition of feed samples could
explain the variability of the milk composition. Regarding the moisture
content, the obtained results showed that the feed samples had the mois-
ture content ranging from 6.14% to 12.34%. As regards the ash content,
it was noticed that the snack/bakery waste samples had the highest value
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(19.25%), while the silage sample had the lowest value (6.4%). Sweet po-
tato/carrot samples had the highest value of crude fiber (26.42%), and the
tomato pomace had the lowest value (7.19%). In relation to the fat content,
the tomato pomace had the highest value (6.4%), while snack/bakery feed
samples had the lowest value (1.87%). In regard to crude protein, the results
showed that the silage feed samples had the highest values (12.01%) and
the tomato pomace feed samples had the lowest concentration (7.64%). As
for the NFE, the snack/bakery feed samples had the highest value (53.34%),
while the sweet potato /carrot samples had the lowest value (39.1%). Ac-
cording to Soltan [27], the tomato by-product contained 91.72% dry mat-
ter, 20.13% crude protein, 7.92% EE, 29.33% crude fiber, 11.11% ash and
31.51% NFE. Alicata et al. [28] found that tomato waste contained 22.0%
crude protein, 32.8% crude fiber and 19.5% EE. Khadr and Abdel-Fattah
[29] demonstrated that the chemical composition of the tomato by-prod-
uct was 94.6% dry matter, 20.93% crude protein, 10.22% EE, 37.74% crude
fiber, and 14.37% ash. In [30], the proximate composition of tomato pulp
was as follows: 89.8% DM, 19.9% crude protein, 16.1% EE, 13.6% NFE, and
4.88% ash. Soltan [27] found that the potato by-product meal (PBM) had
94.12% dry matter. Based on DM, PBM contained 8.02% crude protein, 3.6%
EE, 18.13% crude fiber, 6.17% ash and 64.08% NFE. Karpukhin and Keita
et al. [31] wrote that the chemical composition of the potato by-product
contained about 25% dry matter, including 10 to 23% starch, 1.4-3.0%
high-quality proteins. This indicates that our results are in accordance with
previous studies as described above.

3.2. Chemical composition of milk samples

The feeding system markedly affected the chemical composition of
milk. The moisture, lactose, fat, protein, and ash content of milk is pre-
sented in Table 2. Regarding the moisture content, it ranged between
85.1% in milk from the sweet potato/carrot group and 86.67% in milk
from the tomato pomace group. The lactose content of the milk samples
ranged from 4.13% for milk from the silage group to 5.42% for milk from
the corn snack waste group. The milk samples from the biscuit/cake waste
group had the highest fat content (8.03%), while the milk samples from
the tomato pomace group had the lowest (6.49%). The protein content
of the milk samples ranged from 3.18% to 3.90% for the tomato pom-
ace group and biscuit/cake waste group, respectively. The ash content of
the milk samples ranged from 0.70% to 0.92% for the sweet potato/carrot
group and biscuit/cake waste group, respectively. Milk from the biscuit/
cake waste feeding system was significantly higher in fat, protein, and

ash, which makes biscuit/cake waste a potentially high-energy and nutri-
ent-dense feed ingredient. On the other hand, milk of the tomato pomace
system had the lowest levels of fat and protein.

However, it is important to note that the nutrient requirements of
animals vary depending on species, age, and other factors. Thus, the best
feed ingredient for one animal may not be the same as for another. Noted
changes in the milk composition may be associated with both the lacta-
tion stage and the feeding system employed [32]. The intricacy of diverse
farming systems is evident in the reports of differing and occasionally
conflicting outcomes, attributed to the multitude of factors in production
and feeding, along with their interactions that can impact both milk yield
and composition [33].

3.3. Functional properties of milk samples

Functional foods have been defined as foods that provide an addition-
al physiological benefit that may prevent disease or promote health and
well-being. The total phenolic content, flavonoid content, CLA, vitamin
C,vitamin A, and a-tocopherol in the milk samples are presented in Table
3. The total phenolic content (TPC) ranged between 2.37 and 8.93 mg/ml
for the control and tomato pomace feeding system. Tomato pomaces are a
great source of phenolic compounds, as well as non-phenolic compounds
(benzyl alcohol, saturated and unsaturated fatty acids, carotenoids, and
others), which have excellent redox properties [34]. The flavonoid content
ranged between 5.92 and 28.18 pg/L in the milk samples from the control
and biscuit/cake waste feed systems. The CLA content was in a range be-
tween 3.22 and 6.22 mg/g fat in milk from the snack/bakery waste group
and tomato pomace group, respectively. Milk from the sweet potato /
carrot group was significantly higher in vitamin C and vitamin A (1.08
and 181 pg/100g, respectively) compared to other milk samples. In recent
times, the demand for and attention to orange-fleshed sweet potato are
increasing due to the high concentrations of B-carotene and non-pro-
vitamin A carotenoids [35]. However, it was noticed that the content of
a-tocopherol (1.38 mg/kg) in the milk samples from the biscuit/cake
waste group was significantly higher than that in the other milk samples.

The experimental values (means and SD for n=150) with different super-
script letters in the same column indicate significant difference (P < 0.05).

3.4. Phenolic fractions of milk samples
In the HPLC analysis of phenolic acids in the milk samples (Figure 1),
it is crucial to underscore the significance of cattle feed in shaping the

Table 1. Mean chemical composition of the TMR samples based on agro-waste collected from five farms in Giza and Beheira governorate

Ta6muua 1. CpesHMii XMMMYECKUIi COCTaB 00Pa3I0B 00X CMeIIaHHbIX paluoHOoB (TMR) Ha OCHOBE CeTbCKOXO03SI/ICTBEHHBIX OTXO0B, COGPAaHHBIX Ha MSATU
depmax B npoBuHLIMsIX I'm3a u Byxeiipa

Feed samples TMR Moisture % Ash % Crude fiber Ether extract Crude protein NFE
Control 10.93+0.35" 6.40+0.17¢ 20.15+0.24° 4.18+0.02° 12.01% 0.41° 46.33+0.29¢
Snack/bakery waste 8.15%0.16° 19.25+0.302 9.49+0.274 1.87+0.01¢ 7.90+0.10¢ 53.34+0.18"
Sp/C 11.17+0.24° 12.00+0.11° 26.42+0.46° 2.74%0.01° 8.57+0.26° 39.10+0.44¢
Biscuit/cake waste 6.14+1.284 9.28+0.06° 17.95+0.41¢ 6.23+0.05* 9.53+0.14" 50.87+1.25¢
Tomato pomace 12.34%0.16° 6.96+0.344 7.19+0.50¢ 6.47+0.11* 7.64+0.66¢ 59.4+1.03*

TMR: Total mixed ration; NFE: nitrogen-free extract; SP/C: sweet potato/carrot.

The experimental values (means and SD for n=150) with small letters are significantly different (P < 0.05).

Table 2. Mean chemical composition of the milk samples (n=150) collected from five feed systems in Giza and Beheira governorate
Tabnmuua 2. CpegHuii XMMMYECKIii COCTaB 06pa3oB MoIoKa (n = 150), MOTyYeHHbIX OT ISATH CUCTEM KOPM/IeHus B NpoBuHIMX I'm3a u Byxeiipa

Feed samples Moisture Carb
Control 85.66+0.45° 4.13+0.24¢
Snack/bakery waste 85.28+0.50° 5.42+0.36%
SP/C 85.17+0.16° 4.55+0.27"
Biscuit/cake waste 85.91+0.81 4.91+0.41%
Tomato pomace 86.67+0.24° 5.25+0.23°

SP/C: sweet potato/carrot.

Fat Protein Ash
6.53+0.02¢ 3.32+ 0.21¢ 0.72%0.06¢
6.87+0.21¢ 3.20+0.10¢ 0.78+0.04"
7.74+0.13° 3.57+0.26° 0.70%0.05¢
8.03%0.15° 3.90+0.11° 0.92+0.03°
6.49+0.16¢ 3.18+0.15¢ 0.81+0.04°

The experimental values (means and SD for n=150) with different superscript letters in the same column indicate significant difference (P < 0.05).

Table 3. Mean chemical composition of milk samples (n = 150) collected from five farms in Giza and Beheira governorates
Ta6muua 3. CpesHMii XMMMYECKUIi cOCTaB 06pa3ioB MosioKa (n=150), moxyueHHbIX Ha naTu epmax B mpoBuHIMAX I'n3a u Byxeiipa

Feed samples . TPC Rutin Flavonoids CLA Vitamin C Vitamin A a-Tocopherol
quivalent mg/ml ng/L mg/g fat ng/100 g mg/100 g mg/kg
Control* 2.37+0.01¢ 5.92+0.08¢ 3.49+0.16¢ 0.52 £0.03¢ 142.5+3.25¢ 0.22+0.00¢
Snack/bakery waste 4.15%0.16¢ 9.23+0.06¢ 3.22+0.044 0.55+0.07° 155.1+2.05° 0.14%0.01¢
Sp/C 8.17%0.24* 12.05+0.11° 4.64%0.15¢ 1.08 £0.08* 181.3%2.612 0.81+0.02¢
Biscuit/cake waste 6.04+1.28° 28.18+0.32° 5.43+0.24° 0.62 £0.06° 136.2%1.10¢ 1.38+0.012
Tomato pomace 8.93+0.35° 8.64+0.05¢ 6.22%+0.09* 0.79 +0.10° 157.9+2.42° 0.92%0.06"

* Feed sample collected from the basal diet; SP/C: sweet potato/carrot.
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Figure 1. HPLC chromatogram
of phenolic fractions for different
milk samples: Control (a) SP/C (b);
Snack/bakery waste (c); Biscuit/cake
waste (d); Tomato pomace (e).
SP/C: sweet potato/carrot
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composition of milk. Table 4 presents the phenolic fractions identified
in the milk samples collected from various feed groups, highlighting the
impact of different feeding regimes on the phenolic profile. Each waste
source demonstrated a unique composition of compounds, showcasing
variability in their quantities and types when compared with the con-
trol. Milk collected from the control group (normal feed) exhibited the
absence of all phenolic acids except for caffeic and o-coumaric acids.
Conversely, various phenolic fractions were identified in milk from all
groups fed with food industrial waste. Some compounds were present
in the specific milk samples based on the waste sources. Notably, the
biscuit /cake waste feeding group demonstrated the highest content of
catechin and kaempferol (5.44 and 19.95 mg/kg), while p-coumaric acid
(119.70 mg/kg) was detected only in milk from this group. Similarly,
rutin was present only in the sweet potato/carrot and tomato pom-
ace groups, while hesperidin was dominant in the snack/bakery waste
group. Additionally, there were moderate concentrations of vanillic
acid (3.74 mg/kg) and resveratrol (4.288 mg/kg). P-Hydroxybenzoic acid
(1.33 mg/kg) and catechin (1.64 mg/kg) were also observed, albeit in
relatively lower amounts. Regarding the milk samples derived from the
tomato pomace group, a notable feature was the high content of syrin-
gic acid (7.79 mg/kg), which stands out with a substantial quantity. Ad-
ditionally, there was a presence of a smaller amount of resveratrol (2.51
mg/kg). These results align with the total phenolic content observed in
the milk samples (Table 3), which was influenced by the incorporation
of waste products in animal feeding.

Table. 4. Phenolic fractions (mg/ kg) of milk samples
of different feed systems
Tab6nuiia 4. ®eHonbHbIe Gpakuyy (MI/Kr) 06Pa3OB MOJIOKA
Pa3INUYHBIX CUCTEM KOPMJIECHUST

Phenolic fractions Control Isoglil;% pso‘,::f(:/ Blcsacll(lelt/ Tomato
waste carrot waste POMmace
P-Hydroxybenzoic acid — 1.334 — 1.199 —
Catechin — 1.640 3.475 5.439 1.93
Chlorogenic acid — 1.183 3.048 1.755 —
Vanillic acid — 3.741 1.604 — 0.656
Caffeic acid 7.10 8.617 7.499 7.16 0.745
Syringic acid — — 0.459 0.314 7.79
P-Coumaric acid - - — 119.698 —
Rutin - — 0.681 — 0.598
Ferulic acid - 5.056 — — 0.89
0O-Coumaric acid 0.08 0.458 0.808 0.637
Hesperidin — 24.588 5.079 0.726 1.116
Quercitin — — 2.919 - —
Resveratrol - 4.288 — — 2.504
Rosemarinic acid - 2.181 — — -
Myrcitin — 0.718 — — —
Apigenin - 0.119 — — —
Kaempferol — 6.38 4.233 19.95 15.71

3.5. Fatty acid content of milk samples

The ability to modify milk fat is largely dependent on the efficiency
with which fatty acids are transferred from a diet to milk. Table 5 shows
the composition of fatty acids in different milk samples collected from
different feed programs based on agro-waste additives. Each row rep-
resents a specific type of fatty acid, while each column corresponds to
different milk samples (control, snack/bakery waste, sweet potato/carrot,
biscuit/cake waste, and tomato pomace). For instance, observe how bu-
tyric acid (C4) or palmitic acid (C16) differed among the samples. The
butyric acid content ranged from 2.06 to 2.86 across different milk sam-
ples. Despite minor variations, the butyric acid levels remained relatively
consistent among the samples, suggesting a stable presence regardless of
the different feed program. However, notable differences existed in the
caproic acid levels. Explore how these variations in feed might relate to
the specific additives used in animal feeding. The caprylic acid content
ranged from 0.36 to 0.55 across different milk samples. Some fatty ac-
ids showed relatively consistent levels across the samples (e. g., butyric,
caprylic and capric acids), while others exhibited more significant varia-
tions (e. g., myristic, palmitic and stearic acids).

On the other hand, both oleic and linoleic acids showed considerable
variability among the samples, indicating potential influences from the ad-
ditives. These variations in unsaturated fatty acids (USFA) (oleic and linoleic

acids) highlight potential changes in the nutritional content and quality
across different milk samples based on the type of agro-waste. As shown in
Table 5, using the agro-waste in the feed for animals improved the quality
and nutritional value of secreted milk, especially in the case of tomato pom-
ace (USFA content: 27.19 and 5.34% of oleic and linoleic acids, respectively).

Table. 5. Fatty acid profile (mol%) of milk fat
of different milk samples
Ta6muua 5. JKMpHOKUCIOTHBIA podmIb (M0JIb%) MOIOYHOTO JKUpPa
Pa3IMYHBIX 06Pa30B MOJIOKA

. Snack/ Sweet Biscuit/ Tomato
Fatty acids Control bakery potato/ cake pomace
waste carrot  waste

Butyric (C4) 2.33 2.06 2.14 2.86 2.71
Caproic (C6) 1.48 1.44 1.06 1.30 0.86
Caprylic (C8) 0.45 0.41 0.36 0.55 0.39
Capric (C10) 0.91 1.09 1.20 0.69 0.94
Lauric (C12) 1.88 1.81 2.13 1.94 1.75
Myristic (C14) 9.13 11.08 13.35 12.61 9.04
Palmitic (C16) 32.38 38.97 30.42 30.52 29.67
Stearic (C18) 16.01 17.08 13.53 20.34 15.72
Oleic (C18:1; cis-9) 21.5 19.62 27.34 24.05 27.19
Linoleic (C18:2;¢is-9, 517 381 155 329 534

trans-12)

3.6. Antioxidant properties of milk samples

Data in Figure 2 show that fortification of silage with sweet potato/
carrot and tomato pomace at 25% resulted in a significant enhancement
in levels of the antioxidant activity as measured by DPPH and ABTS free
radical scavenging. Our results are in accordance with the results ob-
tained by [36,37] whereas feeding cattle or Egyptian buffalo with sweet
potato/ carrot and tomato pomace enhanced health and production as-
pects. Therefore, both ingredients can be used as a natural source of an-
tioxidants for improving the antioxidant capacity of buffalo milk through
increasing the phenolic content (Table 4). For instance, it is well-estab-
lished that caffeic acid and kaempferol possess antioxidant properties,
potentially reducing oxidative stress and offering neuroprotective effects
[38,39]. Moreover, studies by Rudrapal et al. [40] indicate that p-coumaric
acid exhibits potential anticancer effects.

30 B DPPH
25 H ABTS a b
a
20 a c b
15 d ¢
d d L
10
5
0
Control* Corn snack SP/C Biscuit/cake Tomato
wastes pomace

Figure 2. DPPH and ABTS radical scavenging assay of the milk
samples obtained from different feed systems.
SP/C: Sweet potato/Carrot. Measurements with different
letters are significantly different (p < 0.05).

PuicyHOK 2. AHa/IM3 0GPa30B MOJIOKA, MOTYYEHHbIX B Pa3IMYHbIX CUCTEMax
KOpMJIeHUs], MCII0JIb3ysl MeTo, 3axBaTa paaukanos DPPH u ABTS
SP/C: cnagkuit KapTodesib/MOPKOBb. Pe3ybTaThl U3MEPEHMII C pa3HBIMU
6yKBaMM AOCTOBEPHO oT/in4arTcs (p < 0,05).

4. Conclusion

Egyptian buffalo milk needs improvement, especially when we know
that raw buffalo milk is more preferable than cow milk for consumers. In
order to develop this chain, our study focuses on using agro-waste in-
gredients for feeding strategies of water buffalo. We conclude that sweet
potato/carrot or tomato pomace can be used as an ingredient for feeding
buffalo along the dairy chain for enhancing the functional properties of
raw buffalo milk, producing milk rich in phenolic compounds and with
the antioxidant activity that serves different sustainable development
goals (SDG 3 and 12). It is believed that dietary polyphenols/flavonoids
exert the powerful antioxidant action for protection against reactive oxy-
gen species (ROS)/cellular oxidative stress (OS) towards the prevention of
OS-related pathological conditions or diseases.
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