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Simple Summary: The usage of phenolic compounds as feed in ruminant production due
to its potential in reducing enteric methane production in ruminant has been widely studied.
Among the benefits of polyphenol incorporation in the feed are the ability to modify rumen
fermentation without affecting animal performance, reducing oxidative stress of high-
yielding dairy animals and improving animal health. Therefore, this study aims to assess
the literature on polyphenol supplementation and its effect on milk composition and milk
fatty acid in dairy animals. The obtained findings show polyphenol supplementation
regardless of its polyphenol sources highly impact milk saturated fatty acid and milk
medium-chained fatty acid produced. This review demonstrated that different sources of
polyphenol supplement may impact the milk composition and milk fatty acid produce by
dairy animals, differently.

Abstract: The aim of this study is to review the supplementation of polyphenol on milk
composition and milk fatty acid content in dairy animal. A systematic review of litera-
ture was carried out by using Google Scholar, Scopus, and Science Direct databases. The
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guide-
lines methodology was carried out and as a result, 21 articles were included. Results
showed that polyphenol supplementation significantly affect milk saturated fatty acid
content (p < 0.00001) and milk medium-chain fatty acid content (p < 0.0001). Meanwhile,
polyphenol supplementation effects significantly in the subgroup of agro-industrial by-
products (p < 0.05) for milk protein content, grain (p < 0.05) for milk lactose content, all
the subgroup for milk saturated fatty acid content and both grain and agro-industrial
by-products for milk medium-chain fatty acid content. In conclusion, milk saturated fatty
acid is affected by polyphenol supplementation regardless of polyphenol sources. However,
it is recommended to include more studies in future to obtained a higher heterogeneity.

Keywords: polyphenol; milk composition; milk fatty acid; systematic review

1. Introduction

Plant secondary metabolism is a vast reservoir of natural chemical diversity, containing
an enormous number of compounds and enzymes, as well as a diverse set of mechanisms
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for gene regulation and metabolite and enzyme transport. Phenolic compounds are the
most widely distributed secondary metabolites, ubiquitously present in the plant kingdom:
it is estimated that about 2% of all carbon photosynthesized by plants is converted into
flavonoids or closely related compounds, amounting to about 1 x 10° t per annum [1].

Polyphenol in plants has been widely explored, used, and studied, in relation to animal
production. Various attempt has been made in using plant bio-actives to mitigate the
production of enteric methane from ruminant [2,3]. Polyphenols, essential oils, saponins and
polysaccharide, are among plant bio-active compound that has been used to reduce methane
production by manipulating ruminal microbial feed fermentation without interfering with
ruminant production performance [4]. High-yielding dairy animals are prone to oxidative
stress, which can be exacerbated by certain environmental, physiological, and dietary
factors [5]. Phenolic compounds, including stress-related phytochemicals, have been linked
to beneficial effects caused by fruit and vegetable consumption, particularly due to their
antioxidant activity [6]. Meanwhile, a study by [7] found that an increase in milk yield with
fat content reduction in the liver was found when green tea extract was fed to the heifers.

These naturally-rich polyphenol supplementation can be categorized in to three main
group of different sources; mainly, seed, forages, and agro-industrial by-product. The
availability of polyphenol supplementation from seeds and forages is easier to obtained
compared with polyphenol supplementation from agro-industrial by-product sources
which may have limited availability due to seasonal demand or produced. However,
in terms of sustainability, polyphenol supplementation from agro-industrial by-product
sources may help reduces the farming cost, as product disposal, minimizing wastages and
contributes an added value to the dairy produces [8]. Polyphenol from seeds, for example
coix seed extract quadratically increased goat milk protein content as higher coix seed
extract supplementation level increased [9]. Meanwhile, polyphenol from agro-industrial
by-product such as grape or tomato residue as reported in [8] shows milk fat content
increased in goat while unaffected in sheep. Additionally, polyphenol from forages sources
as reported in [10] showed a higher milk fat content in cows fed with perennial rye grass as
compared to total mixed ration feeding system and clover-fed cow.

As of late, many reviews on plant extracts or plant components, such as saponins,
tannins, and essential oils, as rumen modifiers have recently been published. However, they
have mostly focused on the alterations in ruminal fermentation [11-16], ruminal microbial
population [4,15], and their association with methanogenesis [4]. Lipid supplementation
was also evaluated and compared in cattle and sheep for their effects on methane emission,
digestibility, ruminal fermentation, and lactation performance. According to a recent meta-
analysis study [17] the benefits of essential oil supplementation vary amongst ruminant
species. Beef cattle, according to these authors, are more sensitive to essential oil than dairy
cattle and small ruminants. Meanwhile, milk yield was improved with the supplementation
of polyphenol-rich grape seed and marc extract in heifer [18]. Despite significant knowledge
gained in recent years on the potential application of polyphenol-rich supplementation
on rumen microbial fermentation modification and animal performances, the effects of
polyphenol-rich supplementation to ruminant diets on their dairy performances such as
milk compositions and fatty acid profiles are still lacking. Very few studies have reviewed
and evaluated the changes in milk composition and milk fatty acid content when the
animals been fed with phytochemicals and lipids in the feed. Hence, the objective of
this study was to review and determine the extent of the effects of plant polyphenol
supplementation on milk composition and fatty acid profile through a systematic review.
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2. Materials and Methods

A database of previous studies involving polyphenol supplementation and milk fatty
acid profile was created based on the guideline requirements of the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) [19]. The literature search was
performed in several databases, including Google Scholar, Scopus, and Science Direct. The
keywords used to search the databases were “feed” “milk fatty acid”, “extract”, “polyphe-
nol”, and “rumen”. The keywords were chosen to identify publications with experiments
that were appropriate for further exploration. The response of interest included total phe-
nolic content, milk fat content, milk protein content, milk lactose content, milk saturated
fatty acid (SFA) content and milk medium-chain fatty acid (MCFA) content. A total of
2214 studies were identified through database searches: Google Scholar (1980), Science
Direct (156), and Scopus (78). The first round of exclusion excluded review articles, books,
and encyclopedias, leaving 297 studies suitable for further screening. In the second round
of screening, irrelevant articles were excluded which includes conference proceedings,
short communication, in-vitro studies, and reviews, which resulted in 81 articles remaining.
In these two stages, the title and, if necessary, the abstracts were reviewed. The final
screening was performed to select eligible studies according to the following criteria: (1) the
study was conducted between January 2008 and January 2023, (2) the study used a control
group, (3) the study reported at least one of the outcome variables listed, and (4) the study
reported the mean values and associated error. Only those manuscripts from which the
authors of this review could extract the required data were included. Finally, 21 articles
met the required criteria and were included in this systematic review. Figure 1 showed the
search flow and data extraction process of the current study. The analysis was performed
using Review Manager (RevMan version 5.3.5; The Cochrane Collaboration, The Nordic
Cochrane Centre, Copenhagen, Denmark). The standard mean difference (SMD) approach
RevMan implemented in the software was used as the basis of the comparison between the
controls and treatments. Individual study weights were calculated as the inverse of the
variance. Weighted averages and 95% confidence intervals (CI) were pooled and a random
effect model was used to compute a summary of the effect across studies [20]. Given the
different study locations covered by the review and the nature of the studies, assuming
a single common fixed effect model was untenable. Heterogeneity among studies was
evaluated using the Inconsistency index [21]. The I? value describes the percentage of total
variation across studies that is due to heterogeneity rather than chance [21]. A classification
of the I? values was used to interpret the heterogeneity magnitude: values around 25%,
50%, and 75% were considered as low, medium, and high heterogeneity respectively [21].

| Google Scholar: 1980 publications l I Science Direet: 156 publications | Scopus: 78 publications |

)

Total number of records identified:
2214 publications

Identification

| Records excluded with reasons:
Reviews: 1857 publications
In-vitro studies: 133 publications

Screening

Full text article for further
considerations: 204 publications

Eligibility

Exclusion of non-relevant records based
» of title. abstract and selection criteria:
180 publications

Included

Full-text articles assessed for
eligibility: 21 publications

Figure 1. Literature retrieval flowchart.
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2.1. Effect of Polyphenol Supplementation on Milk Fat Content

Nineteen research articles reporting 44 studies, were eligible to be included in the anal-
ysis to evaluate the effects of polyphenol supplementation on milk fat content. Subgroup
analyses were conducted to see whether different sources of polyphenols affect the fat con-
tent in the milk. The different polyphenol sources were grain, forages and agro-industrial
by-products, which constitute six, seventeen and twenty-one studies, respectively.

2.2. Effect of Polyphenol Supplementation on Milk Protein Content

A total of 44 studies from 19 research articles were eligible to be included in the
study to evaluate milk protein content as affected by polyphenol supplementation
in the diets. Subgroup analyses were conducted to see whether different sources of
polyphenols affect the milk protein content. The different polyphenol sources were
grain, forages and agro-industrial by-products, which constitute six, seventeen and
twenty-one studies, respectively.

2.3. Effect of Polyphenol Supplementation on Milk Lactose Content

In the study to evaluate the effect of polyphenols supplementation on milk lactose
content, thirty-seven studies from seventeen research articles were eligible to be included.
Among the eligible publication, the number of studies belonging to grain, forages and
agro-industrial by-products are only six, fourteen and seventeen studies, respectively.

2.4. Effect of Polyphenol Supplementation on Milk Saturated Fatty Acid Content

In the evaluation of milk saturated fatty acid content as affected by the supplementa-
tion of polyphenol, there are seventeen publications where the data from thirty-nine studies
were incorporated in the review.

2.5. Effect of Polyphenol Supplementation on Milk Medium-Chained Fatty Acid Content

In this study, the data from twenty-one studies were extracted from nine publications in
order to evaluate the content of MCFA in milk when the animals were fed with polyphenol-
supplemented diet in the feed.

3. Results

The comprehensive database consisting of 70 dietary treatments in 21 publications
was summarized, as shown in Table 1. Outcome measures examined in our systematic
review included fat, protein, lactose, SFA, and MCFA content in milk. Characteristics of the
selected studies are depicted in Table 1.
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Table 1. Data tabulation of the chosen in-vivo experiments for the systematic review analysis.
Total Adaptation
No. References ID Species Parity Basal Feed Polyphenol Sources Porl;ypflgliol Phenolic Period/Long Milking
Exp p Status yP Szprces Content, Treatment (time/day)
u % of DM (day)
- 18% Soybean Meal A%)ro-indgstrial 0.202
_ TMR 2; 60:40 of . y-product
1 [22] Yao et al. (UM) Cow Multi- forage to 11% Unfeymented Agro-industrial 0.582 15/5 )
2021 (Holstein) parous concentrate ratio yellow wine less by-product
Yao et al. (FM) (F:O) 1 11% Fermented Agro-industrial 0.676
2021 yellow wine less by-product ’
- Control Forages -
Kholif et al. 40:60 (E:C) 1 10 mL M. oleifera
(ME10) 2018 b Multi- Egyptian berseem leaves extract Forages 0.6
2 [23] Kholif et al. Goat (Nubian) parous clover 20 mL M. oleifera Forages 12 15/7 2
(11241?2103 2t0118 and concentrates 4éeaxie]sv[extlra;t
olif et al. mixture. mL M. oleifera
(ME40) 2018 leaves extract Forages 24
- . Corn silage Forages 0.053
: Cow Multi-
3 [24] Khos;g;f é etal. (Holstein) parous TMR 2 Sorghum silage Forages 1.698 21/7 3
- Control Forages 6.312
Mitsiopoulou 5% of whol
et al. WSS5 Goat Component ootw Ode sesame Seed/grain 9.43
4 [25] (2021) (Alpine x n/a feeding; see 7/100 2
Mitsiopoulou Local breed) 50:50 (F:C) ! .
et al. WSS10 10% of whole sesame  geoq /grain 12.603
(2021)
Cabiddu et al. 4 Sulla pasture on 4th Forages 301
Cabiddu etal Shee Grazing Sulla pastute on 17th
5 [26] 17 Mav 2009 Sardi P Sulla-based p Ma Forages 3.55 14/14 2
May (Sardinian) pasture
Cabiddu et al. 1 Sulla pasture on 1st
Jun 2009 Jun Forages 3.42
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Table 1. Cont.

No. References ID Species Parity Basal Feed Polyphenol Sources Porl;ypflgliol Pl;reol:?)llic I;t;liao[g/a Ifg:ﬂg’ Milking
Exp Status yP Szgrces Content, Treatment (time/day)
% of DM (day)
Abb dci . Control Forages 0.67
(ES) ;611? ak Lentil straw Forages 1.32
Ab})Ae%():lggﬁt al. <h Mault 30:70 (E:C) 1 Atriplex leaves Forages 0.57
6 27 . eep. ulti- except
1 Ab?s%?g(l)lﬁt al (Awassi) parous Olive cake dilet Olive leaves Forages 2.25 10/50 2
Abbeddou et al. 20:80 (F:C) Olive cake Agro-industrial 053
(OC) 2011 by-product ’
Abbeddou et al. Tomato pomace Agro-industrial 0.60
(TP) 2011 P by-product ’
Conventional : .
- concentrate as Agbro-mdélstrlal 0.194
v [28] Sheep Multi- Concentrates with ~ control concentrate y-product
Campione et al (Comisana) parous ad libitum hay Experimental 14/21 2
2021 ' concentrate: with Seed/grain 0.52
Cocoa bean shell
- Control (corn, .
oo 1 soybean, pea) Seed/grain -
oreddu et al.
. Grape seed Seed/grain 0.037
GS) 2016 - p g
8 [29] C(gred)du etal. Sheep (Sarda) é\g;gltlls TMR 2 14/56 weekly
(LIN) 2016 Extruded linseed Seed/grain -
Coreddu et al. Mixed of grape seed .
(MIX) 2016 and extruded linseed Seed/grain 0.038
1.5% of palmitic acid-
; enriched fat with Agro-industrial 0.288
8.7% pomegranate by-product ’
peel
AK ; ) 1.5% Ca salts of fish ¥ :
(Fohlaggl %312 o oil with 8.7% Agro-industrial 0.357
9 [30] +PP) Cow Primi- TMR 2; pomegranate peel by-product 217 5
. (Holstein) parous 32:68 (F:C) ! 1.5% of palmitic acid-
Akhlaghi et al. enriched fat with Agro-industrial 0.23
(PAF + PP) 2022 7% by-product ’
S aalts of i
A i . .5% Ca salts of fis r .
khlaghi et al oil without Agro-industrial 022

(FO-PP) 2022

pomegranate peel

by-product
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Table 1. Cont.
Total Adaptation
No. References ID Species Parity Basal Feed Polyphenol Sources Porl;ypflgliol Phenolic Period/Long Milking
Exp p Status yP Szprces Content, Treatment (time/day)
u % of DM (day)
0% of Pomegranate . .
- pulp silage (PPS) as Agro-industrial 0.078
Cow 1 control byproduct
: Multi- : :
10 [31] Kotsampasi et al. Holstein TMR 2 o Agro-industrial 20/5 1
(P75) 2017 ( ) parous 7.5% of PPS byproduct 0.226
Kotsampasi et al. o Agro-industrial
(P150) 2017 15% of PPS byproduct 0.364
Component
- . . 0% of Fresh lemon
fee(;l1ndg; pzta.rtlal pulp (FLP) as control Forages 0.84
mixed ration
Todaro et al. (PMR) 3 of ad . . _
1 [32] (IS’LI';‘{;’ §Ola7 Sheep (Valle Multi- libitum hay with 9.01% of FLP Agro-industrial 1.132 14/7 1
del Belice) parous 600 g of by-product
Tod tal concentrates daily
odaro et al. with 1 kg of FLP 15.7% of FLP Agro-industrial
(FLP2) 2017 replaced 200 g of by-product 1.322
concentrates
Component 0% of olive crude
) feedpiz?l%;'blz\zfrlz 3 of concerﬁ?;:?ezlicOCPC) ) )
Cappucci et al. . o Agro-industrial
12 [33] (LF(,)I.)()) (2018) Sheep Multi- chopped lucerne 0.6% of OCPC % product 0.064 21/14 5
Cappucci et al (Comisana) parous hay with 100 g of Agr};—}ijndustrial
(LOS) (2018) ’ rolled barley/ and 0.8% of OCPC by-product 0.083
Cappucci et al. 800 g/animal o Agro-industrial
(L1.2) (2018) daily 1.2% of OCPC by-product 0.118
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Table 1. Cont.
Total Adaptation
No. References ID Species Parity Basal Feed Polyphenol Sources Porl;ypflgliol Ehenolic Period/Long Milking
Exp p Status yP Szprces Content, Treatment (time/day)
" % of DM (day)
Component Pelleted alfalfa (AL)
) feeding; PMR 3 of (Medicago sativa L. Forages 0.97
grass hay, corn ‘Sanditi’)
silage, and
Extrulin 135
(contain 60% of
Brinfﬁglslsseet A eXtEudt%ddLllOiI}se?d Pelleted sainfoin (SF)
: Cows . oil and 40% o (Onobrychis viciifolia Forages 3.241
13 [34] (SF) 2016 (Holstein Multi- wheat bran) L:Perly’) 21/7 2
-Friesian) parous Experimental
dietary variation
generated by
offering )
Grosse AL/SF/BT in Pelle’ged birdsfoot
Brinkhaus et al. amounts trefoil (BT) (Lotus Forages 1.633
(BT) 2016 representing Corlmculat/us L. & :
approximately Polom’)
20% of the basal
diet
. ) 0% of cumin seed } B
TMR #; 50:50 extract (CSE)
14 [35] Heidarian Miri - Goat (Alpine n/a (F:Q) ! 1.27% CSE Seed /grain 3.89 28/2 2
etal. (C1) 2013 x Beetal) berseem hay ' ‘
e 0 and concentrate 2.53% CSE Seed /grain 7.77
diet without soybean
- oil (SO0) and dried - 0.25
citrus pulp (DCP) . '
- SO0 + 8.65% of DCP Agbr;_';ggitcrtlal 0.71
Karimi et al. . .
15 [36] (SO0 + DCP2) (Hglg:;in) n/a TMR 2 SO0 + 17.3% of DCP Agbro'md(‘ilsmal 1.17 21/7 2
2022 y-product
Karimi et al. . . .
17.3 g of soybean oil Agro-industrial
(801262]3CP1) + 8.65% of DCP by-product 0.71
Karimi et al. . . .
17.3 g of soybean oil Agro-industrial
(SO1+ DCP2) +17.3% of DCP by-product 117

2022
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Table 1. Cont.

Total Adaptation
. Type of . : 11
No. . Parity Phenolic Period/Long Milking
Exp References ID Species Status Basal Feed Polyphenol Sources Poslzpll-lc?;()l Content, Treatment (time/day)
u % of DM (day)
Morning grazing +
afternoon PMR meal
- with 9.0 g of - -
tannins/kg of PMR
PMR 10 DM
c Multi Acacia mearnsii Morning PMR with
16 37 ow ulti- bark (694 gperkg 9.0 g of tannins/kg 14/8 2
(571 (Allz/?i’(i\/?)t ;%22 (Holstein) parous DM of total of PMR DM + i} ; /
tannin) as tannin afternoon grazing
source meal
Morning grazing +
Pozo et al. afternoon PMR with Agro-industrial 6.885
(PM-TAN) 2022 15.0 g of tannins/kg by-product ’
of PMR DM
Santon et al 60:40 (F:C) ! corn Controlh(lt?lasal délet)1 Forages 0.345
antos et al. silage as forage Diet with flaxseed oi . >
(FO) 2016 Cannulated and concentrate of - (F Seed/grain 0-39
; soybean meal Diet with FO + . .
17 [38] Santos et al. cow (Holstein) n/a , lis-based Agro-industrial 7 14/7 2
(PBP) 2016 ground corn grain, propolis-base by-product 2.82
wheat bran, urea Product (PBP) i )
Santos et al. and mineral Diet with FO + Agro-industrial 2923
(PBP-E) 2016 supp]ements PBP + vitE by—product ’
- Control Forages -
Cows . . 6% of paulownia
18 [39] Huang et al. (Holstein é\;{;ggs PM(I};.OCf)716'24 leaves silage diet Forages 0.36 21/5 2
2022 -Friesian) ’ replacing alfalfa & ’
silage
- ¢ Cé).mponer;fc | Buckwheat diet Forages 0.85
eeding; partia
Kélber et al. Cows mixeclg rztion . .
19 [40] (BC-fm) 2012 (Holstein n/a (PMR) ? of ad Chicory diet Forages 0.71 9/6 >
Kilber et al. -Friesian) libitum forage
(BR-fm) 2012 with 2 kg of Ryegrass diet Forages 0.82

concentrates daily




Ruminants 2025, 5, 15 10 of 23
Table 1. Cont.
Type of Total Adaptation
No. . Parity Phenolic Period/Long Milking
Exp References ID Species Status Basal Feed Polyphenol Sources Poslzpll-lc?;()l Content, Treatment (time/day)
u % of DM (day)
0% whole mango
- meal (WMM) as - -
control
Silva et al. Goats 2 n % Agro-industrial
20 [41] (WMM33) 2016 (crossbred n/a TMR 5 69-40 33% WMM by-product 3.96 14/5 2
Silva et al. Saanen) (F:C) 66% WMM Agro-industrial 791
(WMMB66) 2016 ? by-product )
Silva et al. o Agro-industrial
(WMM100) 2016 100% WMM by-product 119
- Goat i Component Control - -
21 [42] Tsiplakou et al. O%rég)o % n/a feeding; 1% of Chlorella Marine 05 14/30 2
2017 50:50 (F:C) 1 pyrenoidosa microalgae ’

1 Forage to concentrate ratio. 2 Total mixed ration. 3 Partial mixed ration.
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3.1. Effect of Polyphenol Supplementation on Milk Fat Content

As depicted in Figure 2, the pooled SMD showed did cross the line of no effect,
and thus it can be concluded that the overall effect is not significant statistically when
supplemented with polyphenols in the diet (p > 0.05). Meanwhile, significant heterogeneity
was observed for this outcome measure (p < 0.05) (I = 93%). Sub-group analysis was
conducted to evaluate different sources of polyphenol supplementation (grain, forages, or
agro-industrial by-products) effects on milk fat content. The analysis showed there are no
significant differences (p > 0.05) in milk fat content between different sources of polyphenol
supplementations with significantly lower heterogeneity (I? = 15.6%).

Control Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 grain
Campione etal. 2021 6.47 0.682865 10 687 0692965 10 24% -0.55[1.45 0.34] ——
Heidarian Miri etal. (C1) 2013 3.631 0330822 6 3536 0330822 6 23% 0.27 [0.87,1.40] -1
Heidarian Miri etal. (C2) 2013 3.631 03320822 6 3.357 0330822 6 22% 0.76[-0.43,1.96] e
Mitsiopoulou et al. WSS10) 2021 315 0.244678 8 4.2 0344672 2 21% -2.88[-4.39,-1.37] I—
Mitsiopoulou et al. WSEE) 2021 315 0.344678 g 342 0344678 2 23% -0.74[1.76,0.29) T
Sanltos etal. (FO) 2016 2.968 0.04 16 2.709 0.04 16 1.9% 6.31[4.52,8.10]
Subtotal (95% CI) 54 54 13.2% 0.46 [-1.32, 2.24] —~—
Heterogeneity. Tau®= 4.54, Chi*= 66.94, df= 5 (P < 0.00001), F=93%
Testfor overall effect 2= 050 (P = 0.61)
1.1.2 forages
Abbeddou etal. (AL) 2011 7.03 0.146363 10 6.5 0146969 10 21% 3.45[1.97 494] I
Abbeddou etal. (LS) 2011 7.03 0.146363 10 643 0146969 10 2.0% 3.91[2.30,552] —
Abbeddou etal. (OL) 2011 7.03 0.146963 10 664 0146969 10 2.2% 2.54[1.30,379 E—
Cahiddu etal. 17May 2003 6.03 0.155563 12 692 0155563 12 1.9% -5.52[7.41,-2.64] —
Cahiddu et al. 1Jun 2009 6.14 0.155563 12 641 0155563 12 2.3% -1.68[2.63,-0.72] -
Cahiddu et al. 4May 2009 5.9 0.155563 12 696 0155563 12 1.7% -6.58[8.77,-439] ————
Grosse Brinkhaus etal. (BT) 2016 385 0.238 4 4 0.238 6 23% -0.19[1.33,0.84] T
Grosse Brinkhaus et al. (SF) 2016 385 0.238 6 387 0.238 6 23% 0.31[0.83,1.49) -
Huang etal 2022 438 0.089 18 44 0.099 16 2.4% -0.20[-0.88, 0.50] -
Kalber etal. (BC-fm) 2012 4.8 0.083531 B 46 0083531 6B 21% 1.97 [0.48, 3.46] I —
Kalber etal. (BR-fm) 2012 4.8 0.083531 6 45 0083531 6 1.9% 2.96[1.13, 4.80]
Kholif etal. (ME10) 2018 314 0.086 16 341 0.086 16 2.3% -3.06 [4.12,-2.00] m—
Kholif et al. (ME20) 2018 314 0.086 16 343 0.086 16 2.3% -3.28[-4.38,-2.18] I—
Kholif et al. (ME40) 20182 314 0.086 16 343 0.086 16 2.3% -3.29[-4.39,-2.18] I—
Khosravi etal. 2012 333 014 12 332 014 12 24% 0.07[0.73,087] -1
Pozo et al. (AM-PIM) 2022 41 0.196 g9 435 0.196 9 23% -1.17 [F2.18,-0.18] —
Pozo et al. (PM-TAR) 2022 4.1 0.196 9 413 0.196 9 24% -0.10[1.02,0.83] T
Subtotal {95% CI) 184 184 37.3% 5 [-1.63, 0.53] -
Heterogeneity: Tau®= 4.73; ChP= 244.58, df= 16 (P = 0.00001); F= 83%
Testfor overall effect Z=1.00 (P=0.32)
1.1.3 agro-industrial byproduct
Abbeddou etal. (0C) 2011 7.03 0.146363 10 7.04 0146969 10 2.4% -0.07 [-0.94, 0.81] -
Abbeddou etal. (TPy 2011 7.03 0.146963 10 6286 0.146969 10 2.3% 1.11[0.15, 2.06] —
Akhlaghi etal. (FO+PP) 2022 29 012 12 25 012 12 2.2% 3.22[1.94, 450 —
Akhlaghi etal. (FO-PP) 2022 29 012 12 245 012 12 2.2% 3.62[2.24,5.00] e
Akhlaghi etal. (PAF+PP) 2022 29 012 12282 012 12 24% 0.64[0.18 1.47] e
Cappuccietal. (L0.6) 2018 8.37 1.5 7782 15 T23% 0.34 [0.72,1.40] T
Cappuccietal. (L0.8) 2018 8.37 1.5 7782 15 T23% 0.28[0.77,1.34] -1
Cappucci et al. (L1.2) 2018 8.37 15 7 746 15 7 23% 0.57 [0.51,1.64] -
Karimi etal. (500 + DCP2) 2022 0.45 0.034 50 1.04 0.094 50 2.5% -0.85 [-1.36,-0.54] -
Karimi etal. (301+ DCP1) 2022 0.45 0.084 50 1 0.094 50 2.5% -0.53[-0.83,-0.13] -
Karimi etal. (301 + DCP2) 2022 0.45 0.084 50 087 0.094 50 2.5% -0.21 [-0.60,0.18] =T
Kotsampasi etal. (P150) 2017 334 0.7 15 339 047 15 2.4% -0.05[-0.77, 0.67] -
Kotsampasi etal. (P75) 2017 3.34 0.7 15 3186 0.497 15 2.4% 0.12[-0.54,0.90] =T
Santos etal. (PBP) 2016 2.968 0.04 16 2811 0.04 16 2.2% 3.83[2.61,5.04] —
Sanlos etal. (PBP-E) 2016 2.968 0.04 16 2721 0.04 16 2.0% 6.02[4.30,7.74] e
Silva et al. (WMM100) 2016 254 0.06 32 279 0.0e 32 24% -4.12[45.00,-3.23] —
Silva et al. (WMM33) 2016 254 0.06 32 2358 0.0e 32 25% -0.66 [-1.16,-0.15] -
Silva et al. (WMMBE) 2016 254 0.06 32 289 0.0e 32 25% -2.47 [3.13,-1.81] e
Todaro etal. (FLP1) 2017 814 025 15 79 0.25 15 24% 0.93[0.17,1.69] —
Todaro etal (FLP2) 2017 8.14 025 15 823 0.25 15 24% -0.35[1.07,0.37] -
Tsiplakou etal. 2017 336 047658 8 344 047659 8 23% -0.16[1.14, 082 i
Subtotal (95% CI) 423 423  49.5% 0.41[-0.22,1.04]
Heterogeneity: Tau®= 1.93; Chi*=313.01, df= 20 (P < 0.00001); = 34%
Testfor overall effect Z=1.28 (P = 0.20)
Total (95% Cl)y 661 661 100.0% 0.07 [-0.44, 0.58]
Heterogeneity. Tau®= 2.61, Chi*=630.42, df= 43 (P = 0.00001); F=93% ?4 "2 ) % :i

Testfor overall effect. Z= 027 (P=0.79)

Favours [Control dief] Favours [Polyphenol-diet]
Testfor subaroup difierences: Chi*= 2.37, df=2 (P =031}, F=156%

Figure 2. Forest plots for the links between milk fat content and polyphenol.

It is clearly shown in the forest plot of the grain group that the 95% confidence intervals
of four studies crossed the line of no effect. These studies, individually were not significant
however the 95% confidence intervals of two studies by Mitsiopoulou et al. (WS510) (2021)
and Santos et al. (FO) (2016) did not cross the line of no effect, which means that the results
from these individual studies were significant. Meanwhile, 95% confidence intervals of
five studies crossed the line of no effect and twelve other studies did not cross the line of
no effect as shown in the forest plot of the forages group. Among these twelve studies,
the studies by Abbeddou et al. (LS) (2011) showed the highest SMD and 95% confidence
interval [3.91 (2.30, 5.52)] and the study by Cabiddu et al. 4 May (2009) showed the lowest
SMD and 95% confidence intervals [—6.58 (—8.77, —4.39)] in the forages group, which
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signaled these are the possible outliers for this group. Whereas, in the agro-industrial
by-product group, 95% confidence interval of ten studies crossed the line of no effect and
eleven studies did not. The possible outliers for this group are shown by studies of Santos
et al. (PBP-E) (2016), where it is at the highest value of SMD and 95% confident interval
[6.02 (4.3,7.74)] and the lowest value of SMD and 95% confident interval is depicted by
Silva et al. (WMM100) (2016) in his study with —4.12 (-5, —3.23).

3.2. Effect of Polyphenol Supplementation on Milk Protein Content

Figure 3 shows the forest plot of the effect of three different sources of polyphenol
on protein content in milk. The pooled SMD shown above did cross the line of no effect,
which concludes that the overall effect is statistically insignificant when supplemented with
polyphenols in the diet (p > 0.05). However, it was observed that the heterogeneity for this
overall outcome measure was significant (p < 0.0001) where I = 88%. When the analysis
was done to evaluate different sources of polyphenol supplementation (grain, forages, or
agro-industrial by-products) effects on milk protein content, the results showed that there
are no significant differences (p = 0.18) in milk protein content between different sources of
polyphenol supplementations with considerably low heterogeneity, I = 42%.

Control Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 grain
Campione etal. 2021 6.07 0189505 10 587 0.189505 0 23% 1.01[0.07,1.99] [
Heidarian Miri et al. {C1) 2013 2.63 0200918 6 312 020098 8 1.8% -2.25[-3.83,-0.67] R
Heidarian Miri et al. (C2) 2013 2.63 0.200918 6 2908 0200018 8 20% -1.28 257, 0.01] —
Milsiopoulou et al. (WSS10) 2021 2.97 0199186 8 3.04 0199186 8  23% -0.33 -1.32, 0.66] -1
Mitsiopoulou et al. (WSS5) 2021 287 0199186 8 278 0199188 8 22% 090014, 1.95 B —
Santos etal (FO) 2016 2.884 0.03 16 2933 0.03 B 24% -1.50[-2.40,-0.78] I
Subtotal (95% Cl) 54 54  13.0% -0.53 [-1.60, 0.53] e
Heterogeneity Tau®=1.44; Chi*= 2985 df=5 (P < 00001); *=83%
Test for averall effect Z=0.99 (P = 0.32)
2.1.2 forages
Abbeddou et al. (AL) 2011 6.05 0085732 100 613 0.085732 10 23% -0.89 [-1.82,0.04] I
Abbeddou et al. (LS) 2011 6.05 0085732 10 6.2 0.085732 10 22% -168[2.73,-0.62] E—
Abbeddou et al. (OL) 2011 6.05 0085732 100 618 0.085732 10 22% -1.45 [-2.46,-0.44] e
Cahiddu et al. 17May 2008 5.87 0.098995 12 5.87 0.098885 12 24% 0.00 [0.80, 0.80] -
Cabiddu et al. 1Jun 2009 582 0098995 12 557 0.0980805 12 24% 049033, 1.30] T
Cabiddu et al. 4May 2008 582 0098995 12 6.03 0.098895 12 22% -205[-3.07,-1.03] —
Grosse Brinkhaus etal (BT) 2016 296 0.089 6 3N 0.089 B 20% -1.56 [-2.92,-0.19]
Grosse Brinkhaus et al (SF) 2016 286 0.089 6 289 0.089 B 21% 0.73 046, 1.91] T
Huang etal 2022 341 0.016 16 334 0016 16 20% 4.26[2.95, 5.58]
Kélber et al. (BC-frm) 2012 3.57 0036373 6 3.49 0.036373 6 1.8% 2.03[0.53,3.53]
Kalber et al. (BR-fm) 2012 3.57 0036373 B 3.57 0.036373 6 22% 0.00F113,1.13] .
Kholifet al. (ME10) 2018 3.81 0.045 16 3861 0.045 16 25% 0.00 [0.69, 0.69] i
Kholiret al. {(MEZ20) 2018 3.81 0.045 16 3862 0.045 18 25% -0.22[-0.91,0.48] I
Kholiret al. {(ME40) 2018 3.81 0.045 16 362 0.045 18 25% -0.22[-0.91,0.48] I
Khosravi etal. 2018 278 0.o7 12 28 0.7 12 22% 2.21[1.15,3.26] -
Fozo etal. (AM-PM) 2022 3.51 0.095 a 354 0.085 9 23% -0.30 [-1.23, 0.63] /1
Pozo etal. (PM-TAN) 2022 a.51 0.095 9 343 0.095 9 23% 080 F017,1.77] T
Subtotal (95% Cl) 184 184 38.1% 0.09 [-0.52, 0.70] -
Heterageneity: Tau®=1.38; Chi*= 11267, df=16 (P < 0.00001); F=86%
Test for averall effect Z=0.28 (P = 0.78)
2.1.3 agro-industrial byproduct
Abbeddou et al. (0C) 2011 6.05 0085732 100 592 0.085732 10 22% 1.45[0.44, 2.46] —
Abbeddou et al. (TP) 2011 6.05 0085732 10 574 0.085732 10 1.9% 3.46[1.98, 4.99]
Akhlaghi et al. (FO+PP) 2022 3 0m 12 295 001 12 1.7% 4.83[3.13,6.52]
Akhlaghi et al. (FO-PFP) 2022 3 0m 12 297 001 12 21% 2.90[1.70,4.10] I
Akhlaghi et al. (PAF+PP) 2022 3 0m 12 296 001 12 1.9% 3.86[2.42,5.30]
Cappucci et al. (L0.E) 2018 631 0.64 7 OBA4 0.64 7T 22% 0.25 [-0.80, 1.30] S
Cappucei etal. (L0.8) 2018 .31 0.64 7B 0.64 7T22% 0.29 [-0.76, 1.35] —
Cappucei etal (L1.2) 2018 6.31 0.64 7 622 0.64 7 22% 0131082, 1.18]  —
Katimi etal (300 + DCP2) 2022 078 0.056 50 0.84 0.056 a0 26% -1.06 [-1.48,-0.64] -
Katimi etal (801+ DCP1) 2022 078 0.056 a0 08 0.056 a0 26% -0.35[-0.75, 0.04] —
Katimi etal. (801 + DCP2) 2022 078 0.056 500 0.79 0.058 a0 26% -0.18 [0.57,0.22] -T
Kotsampasietal. (P150) 2017 3.03 0 16 292 031 15 25% 0.35[0.38,1.07] T
Kotsampasietal. (P75) 2017 3.03 0 16 296 031 15 25% 0.22 [0.50,0.94] T
Santos et al. (PBP) 2016 2.884 ooz 16 2,957 0.03 18 23% -237 [3.30,-1.44] -
Santos et al. (PBP-E) 2016 2.804 0.03 16 2949 0.03 18 23% =211 [-3.00,-1.23] I
Silva etal. (WMM100) 2018 243 0.06 32 238 n.0e 32 26% 0.82[0.31,1.33] I
Silva etal. (WWM33) 2016 243 0.06 32 24 n.0e 32 26% 0.49 [0.00, 0.99] [
Silva et al. (AWMMBE) 2018 243 0.06 32 237 0.08 a2 2B8% 0.99[0.47,1.51] I
Todaro etal (FLP1) 2017 6.68 0.23 15 664 023 15 25% 0.17 [-0.55, 0.89] T
Todaro etal (FLP2) 2017 6.68 0.23 15 6.86 023 15 24% -076 [-1.51,-0.02] —
Tsiplakou etal 2017 3 0321026 8 277 0321026 8 22% 0.68 [-0.34, 1.69] T
Subtotal (95% Cl) 423 423 48.9% 0.520.01,1.03] [
Heterogeneity. Tau®=1.21, Chi*= 210.48, df= 20 (P < 0.00001); F=91%
Test for overall effect Z=2.01 (P = 0.04)
Total (95% CI) 661 661 100.0% 0.22 [-0.14, 0.58] >
Heterogeneity. Tau®=1.23, Chi*= 367.53, df= 43 (P < 0.00001), F=88% t t b +

Test for overall effect Z=1.20 (P = 0.23)

-4 -2 2 4
) ) Favours [Control diet] Favours [Polyphenol-diet]
Testfor subgroup diferences: Chi*= 3.45 df= 2 (P=0.18), P= 42.0%

Figure 3. Forest plots for the links between milk protein content and polyphenol.

In the forest plot of the grain group, 95% confidence intervals of three studies crossed
the line of no effect while the other three did not cross the line of no effect. Since all
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of the confidence intervals of these studies falls within the range of pooled results of
95% confidence interval of this group (—1.60, 0.53), there are no outliers identified in the
grain group of polyphenol sources. As for the forages group of polyphenol sources, 95%
confidence intervals of ten studies crossed the line of no effect and seven other studies
did not cross the line of no effect as shown the forest plot. Among these seven studies,
Huang et al. [39] showed the highest SMD [4.26 (2.95, 5.58)] and the lowest value of SMD
[—2.05 (—3.07, —1.03)] was by the study of Cabiddu et al. 4 May (2009), and thus also
represent the potential outliers under forages group. Meanwhile, the forest plot of the
agro-industrial by-product group showed 95% confidence interval of ten studies crossed
the line of no effect and eleven studies did not cross the line of no effect. However, the result
for polyphenols from agro-industrial by-products showed significant differences (p = 0.04)
with significant heterogeneity at I = 91% (p < 0.00001). As for this group, Akhlaghi et al.
(FO + PP) (2022) showed the highest value of SMD at [4.83 (3.13, 6.52)] and the lowest value
of SMD is by the study of Santos et al. (PBP) (2016) at [-2.37 (—3.3, —1.44)], in which also
represented as possible outliers for this group.

3.3. Effect of Polyphenol Supplementation on Milk Lactose Content

Forest plots of the effect of three different sources of polyphenol on lactose content in
milk are shown in Figure 4. From the plot, it was observed that the pooled SMD for overall
effect did cross the line of no effect, which concurs that the supplementation of polyphenol
in the diet insignificantly affects lactose content in milk (p > 0.05). However, it was noted
that the heterogeneity for this overall outcome measure was significant (p < 0.0001) where
12 = 86%. There are significant differences (p < 0.05) found when assessing different sources
of polyphenol supplementation (grain, forages, or agro-industrial by-products) effects
on milk lactose content. Results showed that there are significant differences (p = 0.02)
in milk lactose content from grain source of polyphenol supplemented in the diet, with
considerably moderate heterogeneity, I = 43%.

In the grain group, the forest plot shown in Figure 4 shows 95% confidence intervals
of four studies crossed the line of no effect while the other two did not cross the line of
no effect. However, there were no outliers detected since the 95% confidence intervals
of all the studies included in the grain group overlap with the pooled SMD of the grain
group. Concurrently, 95% confidence intervals of eleven studies crossed the line of no effect
while three other studies did not cross the line of no effect as shown in the forest plot of the
forages group. These three studies were the outliers for the forages group since it does not
overlap with the pooled standard mean difference of the forages group. The highest value
of the study standard mean difference and 95% confidence interval is from the studies of
Khosravi et al. (2018) [2.25 (1.19, 3.31)] and the lowest value of the study standard mean
difference and 95% confidence intervals are from the studies of Abeddou et al. (LS) (2011)
with —2.84 (—4.16, —1.53) and Abeddou et al. (OL) (2011) with —6.22 (—8.54, —3.9). As for
the agro-industrial by-product group, the forest plot showed 95% confidence interval of
ten studies crossed the line of no effect and seven studies did not cross the line of no effect.
Among the individually significant studies, the highest value of standard mean difference
and 95% confidence interval was found in the study of Akhlagi et al. (FO + PP) (2022) with
3.86 (2.42, 5.3), and the lowest value was shared with the study of Abeddou et al. (OC)
(2011) and Abeddou et al. (TP) (2011) with —4.62 (—6.44, —2.4).
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Control Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 grain
Campione etal. 2021 4.39 0100409 10 426 0100409 10 27% 1.34[0.34,2.33) —
Heidarian Miri et al. (C1) 2013 6.094 0.263272 6 5916 0.263272 6 26% 062 [-0.85,1.80] T
Heidarian Miri et al. (C2) 2013 6.094 0.263272 6 5.501 0.263272 B 22% 2.08[0.56, 3.60) —
Milsiopoulou et al. (WSS10) 2021 4.69 0122976 8 471 0122976 8 27% -015F1.14,0.83) T
Mitsiopoulou et al. (WSS5) 2021 4.69 0122976 8 46 0122976 8 27% 069[-033,1.71] T
Santos etal (FO) 2016 4713 0.2 16 4.655 02 16 30% 0.28[-0.41,0.99] T
Subtotal {(95% Cl) 54 54 16.0% 0.68 [0.13,1.24] L 3

Heterogeneity: Tau®= 0.20; Ghi*= 8.84, df= 5 (P=0.12); "= 43%
Test for overall effect Z= 2.43 (P =0.02)

3.1.2 forages

Abbeddou et al. (AL) 2011 4.58 0053889 10 4.6 0053889 10 28% -0.36[-1.24,0.53) ]
Abbeddou et al. (LS) 2011 4.58 0053889 10 474 0053888 10 24% -2.84 [4.16,-1.53) -

Abbeddou et al. (OL) 2011 458 0053889 10 493 0053889 10 15% -B22[8.54,-300) ————

Grogse Brinkhaus etal (BT) 2016 5.00 0.064 6 501 0.064 6 25% 115[011,2.42) T
Grosse Brinkhaus et al (SF) 2016 5.00 0.064 6 512 0.064 6 26% -043 158,072 I
Huang et al. 2022 4.83 028 16 479 028 16 30% 049[-022,1.19) T
Kalber et al. (BC-fm) 2012 475 0311769 6 469 0311763 6 26% 018 [-096,1.31] o
Kalber et al. (BR-fm) 2012 4.75 0.311769 6 479 0.311769 6 26% -0.12[-1.25,1.01) e
Kholif et al. (ME10) 2018 4.04 072 16 427 072 16  3.0% -0.31[1.01,0.39) -
Kholif et al. (ME20) 2018 4.04 072 16 432 072 16 3.0% -0.38[-1.08,0.32) -
Kholif et al. (MEA4D) 2018 4.04 072 16 44 072 16 3.0% -049[(1.19,0.27) T
Khosravi etal. 2018 4.74 009 12 443 009 12 27% 2.25([1.19,3.31) —
Pozo et al. (AM-Ph) 2022 47 0.089 9 475 0.088 9  28% -0.54 [-1.48,0.41) B

Pozo et al. (PM-TAN) 2022 47 0088 9 472 0.089 9  28% -021[1.14,0.71) T
Subtotal (95% CI) 148 148 37.3% -0.35 [-0.96, 0.25] &

Heterogeneity: Tau®=1.04; Ghi*= 72.04, df=13 (P < 0.00001); F=82%
Test for overall effect Z=1.14 (P = 0.25)

3.1.3 agro-industrial byproduct

Abbeddou et al. (OC) 2011 4.58 0053889 10 4.84 0053889 10 19% -4.62[-6.44,-2.80]

Abbeddou et al. (TP) 2011 4.58 0053889 10 4.84 0053888 10 19% -4.62 [-6.44,-2.80] —

Akhlaghi et al. (FO+PP) 2022 49 03 12 478 03 12 23% 3.86 [2.42,5.30) —
Akhlaghi et al. (FO-PP) 2022 48 03 12 483 03 12 27% 2.25[1.19,3.31) I
Akhlaghi et al. (PAF+PP) 2022 48 03 12 482 03 12 26% 2.57[1.45,3.70) —
Cappucci etal. (L0.6) 2018 4.46 0.34 7 439 034 727% 019[-0.86,1.24]
Cappucci etal. (L0.8) 2018 4.46 0.34 7 443 0.34 727% 0.08[-0.97,1.13]
Cappucci etal. (L1.2) 2018 4.46 0.24 7436 0.34 7T27% 0.28[-0.78,1.33) e
Kotsampasi etal. (P160) 2017 4.49 033 15 445 033 15  3.0% 012 [-0.60,0.83] T
Kotsampasi etal. (P75) 2017 4.49 033 15 4451 033 15 30% -0.06 [-0.77, 0.68) -

Santos etal (PBP) 2016 4713 0.2 16 4694 02 18  30% 0.09 [-0.60,0.79) T

Santos etal (PBP-E) 2016 4713 02 16 4683 02 18 30% 015[-0.55, 0.84] T

Silva et al. (Whik100) 2016 4.07 004 32 399 004 32 31% 1.88[1.37,2.58) -
Silva et al. (AWMM33) 2016 4.07 004 32 401 004 32 31% 1.48[0.82,2.04) -

Silva et al. (WMMEGE) 2016 4.07 004 32 406 004 32 32% 025025074 T

Todaro etal. (FLP1) 2017 411 0.8 15 405 08 15  30% 0.07 [-0.64,0.79) 1T

Todaro etal. (FLP2) 2017 411 0g 156 405 08 15 30% 0.07 [-0.64,0.79) —

Subtotal (95% CI) 265 265 46.8% 0.37 [-0.23,0.98]

Heterogeneity. Tau®=1.38, Chi*= 150.04, df=16 (P < 0.00001), F=89%
Test for overall effect: Z=1.21 (P=0.23)

Total (95% CI) 467 467 100.0% 017 [-0.22, 0.56]
Heterogeneity: Tau®=1.18; Chi*= 26572, df= 36 (P < 0.00001); F=86%

Testfor averall effect Z=0.83 (P = 0.40)

Testfor subaroup differences: Chi*= 6.34. df= 2 (P = 0.04). F=68.5%

42 7 4
Favours [Control diet] Favours [Polyphenol-dief]

Figure 4. Forest plots for the links between milk lactose content and polyphenol.

3.4. Effect of Polyphenol Supplementation on Milk SFA Content

Figure 5 depicts the forest plots of the effect of three different sources of polyphe-
nol on SFA content in milk. It was found that polyphenol supplementation significantly
affects (p < 0.05) the saturated fatty acid content in milk with significantly high hetero-
geneity (p < 0.05) at I? = 96%. In the analysis to evaluate different sources of polyphenol
supplementations, it was also found that different polyphenol sources (grain, forages, or
agro-industrial by-products) significantly affect (p < 0.05) the content of saturated fatty acid
in milk with high heterogeneity at I?> = 75.7%. Results showed that there are significant
differences (p < 0.05), with a heterogeneity of 1 = 89% in milk SFA content from grain
source of polyphenol supplemented in the diet, and significant differences (p < 0.05) with
a heterogeneity of I> = 91% in milk SFA content from forages source of polyphenol sup-
plemented diet. The polyphenol from agro-industrial by-product sources also showed a
significant difference (p < 0.05) in milk SFA content at high heterogeneity of I? = 97%.

In the grain group of polyphenol sources, only one study showed the 95% confidence
interval that crossed the line of no effect (Figure 5) while the other five did not cross the
line of no effect. The study that crossed the line of no effect also showed the lowest value of
standard mean difference and 95% confidence interval at 0.51 (—0.38, 1.41) which is a study
by Campione et al. [28]. Meanwhile, the study that recorded the highest value of standard
mean difference and 95% confidence interval was by Santos et al. (FO) (2016) with 7.05
(5.08, 9.02). In the forages group of polyphenol sources, the number of studies in this group
was evenly split with the 95% confidence interval of seven studies crossed the line of no
effect while the other seven did not cross the line of no effect. The highest value of SMD
and 95% confident interval was recorded by the study of Kholif et al. (ME40) (2018) with
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7.22 (5.21, 9.23) and the lowest value of SMD and 95% confident interval was found by
Kalber et al. (BC-fm) (2012) with —0.49 (—1.65, 0.66). The forest plot of the agro-industrial
by-product group showed the 95% confidence interval of all studies in the group did
not cross the line of no effect and thus showed all studies in the group were significant,
individually. Among the results, Abbeddou et al. (TP) (2011) showed the highest value
of standard mean difference and 95% confidence interval with 13.07 (8.47, 17.67) whereas
Todaro et al. (FLP2) (2017) recorded the lowest value of standard mean difference and 95%
confident interval with —3.22 (—4.35, —2.09) in this analysis.

Control Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 grain
Campione et al. 2021 65.9 1.309562 10 B65.2 1.309562 o 27% 0.51 [0.38,1.41] T
Heidarian Miri et al. (C1) 2013 71.87 0.426084 6 70.24 0426084 B 24% 3.53[1.47,5.59 —
Heidarian Miri et al (C2) 2013 7187 0426084 6 6951 0426084 6 223% 6.11[2.37,7.85] m—
Mitsiopoulou et al. (WSS10) 2021 747 2.021696 8 69.9 2031698 2 26% 2.23[0.91,3.56] I
Mitsiopoulou et al. (WWSS5) 2021 747 2031696 8 719 2031696 g 27% 1.30[0.18,2.41] —
Santos etal. (FO) 2016 59.691 1.285 16 48.675 1.385 6 25% 7.0515.08,9.07] —
Subtotal (95% CI) 54 54 152% 3.10[1.31,4.89] -
Heterogeneity: Tau®= 4.23; Chi*= 44.52, df= 5 (P < 0.00001); F= 83%
Testfor overall effect: Z= 3.39 (P = 0.0007)
4.1.2 forages
Abbeddou etal. (AL) 2011 779 085731 10 769 0857321 10 27% 112[0.18,2.08] "*
Abheddou etal. {LS) 2011 77.9 0857321 10 755 0.857321 10 27% 2.69[1.41,3.96] i
Abbeddou etal. (OL) 2011 7.9 0857321 10 T3 08573 10 27% 0.67 [0.24,1.58] ™
Grosse Brinkhaus etal. (BT) 2016 69 6 081 B 697 081 6 27% -010[1.23,1.03] -
Grosse Brinkhaus et al. (SF) 2016 B69.6 09 4 625 041 B 27% 1.12[0.14,2.37] T
Huang et al. 2022 679 039 18 BB.2 0.39 16 26% 4.25[2.94, 5.56] I
Kélber et al. (BC-fm) 2012 B67.7 0699485 6 729 0699485 6 27% -0.49[1.65, 0.66] -
Kalber et al. (BR-fm) 2012 B7.7 9699485 B 724 86899485 ] 27% -0.45 [-1.60,0.71] -
Khalif et al. (ME10) 2018 73 0.54 18 63 0.54 16 25% 5.06 [4.25, 7.66] i
Kholif et al. (ME20) 2018 a3 0.54 16 B7.7 0.54 16 25% 6.50 [4.66,8.37] -
Khalif et al. (ME40) 2018 713 054 18 673 054 16 24% 7.2205.21,9.23] —
Khaosravi etal. 2018 67.42 202 12 B6.04 3.02 12 27% 0.44 [0.37,1.29] T
Pozo etal (AM-PM) 2022 703 153 9 697 153 9 27% 0.37 [-0.56, 1.31] T
Fozo etal (PM-TAN) 2022 703 1.53 9 68.4 1.53 a  27% 1.18[0.16, 2.20] —
Subtotal (95% CI) 148 148 371% 2.04[0.99, 3.09] ’
Heterogeneity: Tau® = 3.59; Chi*= 150.81, df= 13 (P < 0.00001); F=91%
Testfor overall effect: Z= 3.80 (P = 0.0001)
4.1.3 agro-industrial byproduct
Abbeddou etal (OC) 2011 779 085731 10 B96 0857321 10 20% 9.27 [5.95,12.60] -
Abheddou etal. (TF) 2011 77.9 0857321 10 B66.2 0.857321 10 16% 13.07 [8.47,17.67]
Akhlaghi et al. (FO+PP) 2022 69.3 gz 12 631 082 12 24% 6.51 [4.34,8.67] I
Akhlaghi et al. (FO-PF) 2022 (9.3 082 12 B6 082 12 26% 3.4B6[2.13,4.80] I
Akhlaghi et al. (PAF+PP) 2022 69.3 0.g2 12 671 082 12 27% 2.31[1.24,3.39] -
Karimietal (500 + DCP2) 2022 7847 1.314 50 7357 1.314 50 28% 3.70[3.05, 4.35] -
Karimi et al. {801+ DCP1) 2022 78.47 1.214 50 70.04 1.314 a0 27% 6.37 [5.38,7.39] -
Karimietal {501+ DCP2) 2022 7847 1314 50 7185 1314 a0 27% 492[412,577] -
Kotsampasi etal. (P150) 2017 705 0.358 15 677 0.358 15 24% 7.611[5.42,9.80] e
Kotsampasi etal. (P75) 2017 705 0.358 15 69.1 0.358 15 27% 3.80[2.55,5.06] -
Santos etal. (PBP) 2016 59.691 1.385 16 50.21 1.385 16 25% B.B7 [4.79,8.55] e
Santos etal. (PEP-E) 2016 59.691 1.28% 16 48.219 1.385 16 25% 6.95[5.00,8.89]
Silva etal. (WWhM100) 2016 838 055 32 826 055 3z 28% 216[1.53,2.78] -
Silva et al. (WMM23) 2018 a3s 0.55 22 2 0.55 32 2T% 5.03[4.00,6.09] -
Silva et al. (WMMEE) 2018 838 0.55 32 841 0.55 32 28% -0.54[1.04,-0.04] -
Todaro etal (FLP1) 2017 61.4 1.963 15 65 1.963 15  27% -178[2.65,-0.92] -
Todaro etal. (FLP2) 2017 61.4 1.963 15 679 1.963 18 27% -3.22[4.35,-2.09 -
Yao etal (FM) 2021 B5 0.827 15 574 0.827 15 23% B.94 [6.41,11.47] —
Yao etal. (UNM) 2021 65 0.827 15 56.8 0.827 15 22% 9.65[6.93,12.36] —
Subtotal (95% CI) 424 424 47.7% 4.69 [3.21,6.17] -
Heterogeneity. Tau®= 10.01; Chi*= 634,10, df=12 (P < 0.00001); F= 97%
Testfor overall effect: Z= 6.20 (P = 0.00001)
Total (95% CI) 626 626 100.0% 3.45[2.58,432] L J
Heterogeneity: Tau®= 6.99; Chi*= 86218, df= 38 (P = 0.00001); F= 96% } i )

'
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Figure 5. Forest plots for the links between saturated fatty acid content in milk and polyphenol.

3.5. Effect of Polyphenol Supplementation on Milk MCFA Content

The forest plot on the effect of polyphenol supplementation on MCFA content in
milk is depicted in Figure 6. The pooled SMD shown in the above figure recorded sig-
nificant differences (p < 0.05) with the heterogeneity of I> = 96% which concurred that
polyphenol supplementation significantly affects the MCFA content in milk. It was worth
noting that different polyphenol sources (grain, forages, or agro-industrial by-products)
significantly affect (p < 0.05) the content of MCFA in milk with high heterogeneity at
I? = 87.7%. Results from the analyses show significant differences were noted in grain and
agro-industrial by-product (p < 0.05) polyphenol sources with the heterogeneity of 1> = 87%
and 12 = 97%, respectively.
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Control Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 grain
Correddu et al. (GS) 2016 55.84 1.58 6 4368 1.59 6 40% 7.06(3.43,10.69)
Correddu et al. (LIN) 2016 55.84 1.58 6 4056 1.59 B 35% 8.87 [4.40,13.35)
Correddu et al. (MB) 2016 55.84 1.58 6 3647 1.59 6 30% 11.25 [5.64, 16.85)
Mitsiopoulou et al. (WSS10) 2021 426 2.256862 8 3645 2256862 8 53% 256(1.14,3.97) -
Mitsiopoulou et al. (WES5) 2021 426 2.256862 8 40 2256862 8  53% 1.09[0.02, 2.16) —
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Heterogeneity: Tau®= 7.76; Chi*= 28.70, df= 4 (P < 0.00001); I*= 87%
Testfor overall effect Z= 3.58 (P = 0.0003)
5.1.2 forages
Abheddou etal. (AL) 2011 53.8 0.832827 10 533 0832827 10 53% 0.57 [0.32,1.47) ™
Abbeddou etal. (L8) 2011 53.8 0.832827 10 513 0832827 10 52% 2.87[1.55,4.20) i
Abheddou etal. (OL) 2011 53.8 0.832827 10 548 0832827 10 53% -1.15F2.11,-0.19) -
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Subtotal (95% CI) 82 82 36.6% -0.29 [-2.06, 1.48] -
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Kotsampasi et al. (P150) 2017 50.3 0.369 15 473 0.369 15 48% 7.91[5.65,1017) I
Kotsampasi et al. (P75) 2017 50.3 0.369 15 49 0.369 15 52% 3.43[2.25, 4.60) -
Todaro etal. (FLP1) 2017 47.2 1.843 15 504 1843 15 53% -1.74 [-2.60,-0.88) -
Todaroetal. (FLP2) 2017 47.2 1.843 15 518 1843 15 53% -2.43[3.40,-1.48) -
Tsiplakou etal. 2017 35.3 2.446589 8 336 2448589 8  53% 0.66 [-0.36,1.67) T
ao et al. (FM) 2021 1.9 0.982 15 M4 0.982 15 44% 1030 [7.42,13.19] —
‘Yao et al. (UM) 2021 51.9 098z 15 404 0982 15  43% 11.39[8.22,14.57) E—
Subtotal (95% CI) 118 118 42.4% 5.32 [2.40, 8.23] .
Heterogeneity. Tau®=18.35, Chi*= 269.39, df= 8 (P < 0.00001); F=97%
Testfor overall effect Z=3.58 (P = 0.0003)
Total (95% CI) 234 234 100.0% 3.16 [1.73,4.58] <
Heterogeneity Tau®=9.75; Chi*= 448.70, df= 20 (P < 0.00001); *= 96% + + +

i 5 10
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Figure 6. Forest plots for the links between MCFA in milk and polyphenol.

It was shown in the forest plot of grain group (Figure 6) that 95% confidence intervals
of all studies did not cross the line of no effect which indicates that the studies were
individually significant where the highest value of standard mean difference, and 95%
confident interval was recorded by Coreddu et al. (MIX) (2016) with 11.25 (5.64, 16.85)
and the lowest value of standard mean difference and 95% confident interval was by
Mitsiopoulou et al. (WSS5) (2021) with 1.09 (0.02, 2.16). The outlier among the studies in
this group was also by Mitsiopoulou et al. (WSS5) (2021) since the 95% confidence interval
of this study does not overlap with the group pooled SMD. Meanwhile, the forest plot of
the forages group (Figure 6) showed that 95% confidence intervals of two studies crossed
the line of no effect while five other studies did not cross the line of no effect. There were no
outliers detected in this group (Figure 6) since all 95% confidence intervals fall within the
range of the pooled standard mean difference of this group. The highest value of standard
mean difference and 95% confidence interval was found by Cabiddu et al. 4 May (2009)
with 3.67 (2.28, 5.06) whereas Cabiddu et al. 17 May (2009) recorded the lowest value of
standard mean difference and 95% confidence interval with —4.66 (—6.31, —3.01). As for
the agro-industrial by-product group, the forest plot showed 95% confidence interval of two
studies crossed the line of no effect while ten other studies did not cross the line of no effect.
It was observed that the highest value of standard mean difference and 95% confidence
interval was by Abbeddou et al. (TP) (2011) with 12.65 (8.19, 17.11) while Todaro et al.
FLP2 (2017) recorded the lowest value of standard mean difference and 95% confidence
interval with —2.43 (—3.40, —1.46). Both studies were also among the outliers since their
95% confidence intervals did not overlap with the pooled SMD of this group.

4. Discussion

Generally, plant polyphenol has been given to dairy animals to improve health and
productivity. Dairy animal health and productivity can be enhanced through feeding
feeds that contain plant components that have attractive biological properties such as
antioxidant, anti-inflammatory and anti-microbial, etc. [43]. In this study, the effects of
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plant polyphenols in dairy feeds on milk compositions and fatty acid content in milk
were explored.

In the present analysis, no clear difference was observed in milk fat content of animals
fed with a polyphenol-supplemented diet compared with feed without polyphenol sup-
plementation. Among the dietary supplementation throughout the reviewed study, the
highest value of standard mean difference was found in the study of Santos et al. [38] where
flaxseed oil was included in the diet of dairy cows with total phenolic content of 0.392%
in DM whereas the lowest value of standard mean difference is showed in the study of
Cabiddu et al. [26] where polyethylene glycol was orally fed to the ewes during grazing the
flowering-stages of pastures on 4 May with total phenolic content of 3.21% in DM. From the
observations in this study, the number of studies which favour the control diet is 13 while
the number of studies which favour the polyphenol diet is 12, where it can be concluded
that the milk fat content is not affected significantly by the supplementation of polyphenols
in the diet, despite having it from different sources. It is interesting to note that the pooled
effect estimates for the forages favour the control diet but the pooled effect estimates for
grain and agro-industrial by-products favour the polyphenol diet.

The same observations can be seen in the evaluation of milk protein content when
supplemented with polyphenols in the diet where there are no significant effects were
found on the overall effect of polyphenol supplementation in the diet. It is also found true
when tested against different polyphenol sources, where there is no significant difference
was found which suggests that milk protein content was similar throughout different
polyphenol sources. Throughout the reviewed studies, Akhlaghi et al. [30] in its treatment
of fish oil and pomegranate peel (FO + PP) showed the highest value of standard mean
difference with total phenolic content of 0.357% of DM, and Santos et al. [38], with its
treatment of propolis-based product (PBP) showed the lowest value of standard mean
difference with total phenolic content of 2.83% of DM. Polyphenol-diet significantly affects
milk protein content in the study of Abbeddou et al. [27] (sheep feeding trial with TMR of
high concentrates, Akhlaghi et al. [30] (heifer feeding trial with TMR of high concentrates)
and Silva et al. [20] (goat feeding trial with TMR of high forages diet). The changes might
be due to rumen microbial diversity especially bacterias as Xue et al. [44] suggested that
as rumen microbiota contributes to milk protein yield in dairy cows as rumen bacterial
abundances differed in high and low milk protein yield heifers. According to the forest
plot, the total number of studies that milk protein content favours the control diet is 10
while the total number of studies that milk protein content favours the polyphenol diet is
11. These findings lead to the insignificant results of this overall outcome effect, and only
polyphenol source from agro-industrial by-product is found significant in this study. It is
worth highlighting that the pooled effect estimates for the grain group favours the control
diet but the pooled effect estimates for forages and agro-industrial by-products group
favour the polyphenol diet and the overall pooled effect estimates favour the polyphenol
diets with 0.22 value of the standard mean difference, although it was insignificant. Present
study results agreed with the observation by Butler and Stergiadis [45] where milk protein
composition has stronger genetic control than diet and hence the insignificant results of the
current study.

In the evaluation of milk lactose content changes when supplemented with polyphenol
diets, an insignificant result was reported in the overall effect estimates, on the other hand,
a significant difference was found only in the grain group of polyphenol sources diet.
Throughout the dietary supplementation in the reviewed studies, Akhlaghi et al. [30] in its
treatment of fish oil and pomegranate peel (FO + PP), again showed the highest value of
the standard mean difference in this outcome with total phenolic content of 0.357% of DM
and the lowest value of the standard mean difference in this outcome was by Abbeddou
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et al. [27] in its treatment of olive leaves, with total phenolic content of 2.25% of DM.
The current study demonstrates that the polyphenol-diet has a substantial impact on the
milk lactose content in the study of Campione et al. [7] (sheep feeding trial with 11.7%
of cocoa bean shell and ad-libitum hay) and Heidarian Miri et al. [14] (goat feeding trial
with equal ratio of F:C as basal diet and 2.53% cumin seed extract). This occurrence is
potentially due to the increase in milk yield as milk lactose content is positively correlated
with milk yield (r = 0.10) [46]. Present study observed the number of studies that milk
lactose content favours the control diet amounts to four, and the number of studies that
milk lactose content favours the polyphenol diet amounts to eight. Meanwhile, it is worth
mentioning that the milk lactose content of the studies in the grain groups favours the
polyphenol diet compared with the control diet while the rest, although insignificant,
milk lactose content of the studies in the forages group mostly favours the control diet
and the agro-industrial by-product group favours polyphenol diet. This is in line with
the reported study by Modaresi et al. [47] where milk lactose content increased with
pomegranate seed pulp supplementation, an agro-industrial by-product, in the feed and
similarly, an increase in milk lactose content in the study by Caroprese et al. [48] when
lactating ewes were supplemented with flaxseed (grain group) as fat supplement under
high temperature-humidity index value averaging 77 during daytime.

In the effect of polyphenol supplementation in the diet on milk SFA content, significant
differences were observed in this study, in the overall pooled estimate effect as well as all
three different polyphenol sources (grain, forages and agro-industrial by-product). Milk
fatty acid profile may be affected by bio-actives compound in polyphenol-diet through
rumen biohydrogenation of monounsaturated fatty acid (MUFA) and polyunsaturated fatty
acid (PUFA) and as well as the transfer of these FA and its biohydrogenation intermediates
into milk fat [49]. This supported by an observation by Di Meo et al. [50], where a substantial
decrease in milk SFA of polyphenol-supplemented diet was found in favor of milk MUFA
and PUFA concentration in all parity classes. Additionally, other studies also demonstrated
the changes in the ratio of SFA/MUFA with the polyphenol supplementations in the diet of
other livestock such as sheep [51] and buffalo [52]. Among the reviewed studies, dietary
supplementation of tomato pomace by Abbeddou et al. [27] showed the highest amount of
the SMD with total phenolic content of 0.6% of DM while the lowest value of the SMD was
by Todaro et al. [32] in its treatment of 15.7% fresh lemon pulp with total phenolic content
of 1.322% of DM. Interestingly, the total number of studies that milk SFA content favours
the polyphenol diet is 28 while the total number of studies that milk SFA content favours
the control diet is only three which concludes most result from individual studies in this
outcome favours the polyphenol diets compared to control diet. The differences from the
three studies mentioned previously might lies in its diet where they use fruit wastes such as
pulp, peel, and seed; in this cases mango and lemon to replace part of concentrates portion
of the diet. The common content of phytochemical in these fruits are p-coumaric acid and
ferulic acid [53,54], meanwhile lycopene is the potential phytochemical commonly found
in tomato [55].

The changes in MCFA content in the milk-fed with polyphenol supplementation in
the diet showed similar outcomes as observed for milk SFA content, previously but not
in forages group. Among the dietary supplementation in this study, the highest value of
the SMD comes from the agro-industrial by-product group which is Abbeddou et al. [27],
where lipid-rich tomato pomace, which contains 0.6% of DM in phenolic content were
included in the ewe’s diet. On contrary, the lowest value of SMD in this study comes
from the forages group, where Cabiddu et al. [26] in its study of polyethylene glycol oral
supplementation to the ewes prior to grazing the flowering stages of Sulla pastures on 17
May, in which the phenolic content of the pasture was 3.55% of DM. What stands out in
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this study was the total number of studies that favour the polyphenol diet was more than
the total number of studies that favour the control diet, which is thirteen and five studies,
respectively. The five studies that favour the control diets are considered outliers since it
does not fall within the 95% of the confidence interval of overall effect estimates. Among
the five studies were, both Todaro et al. [32] study as previously mentioned in milk SFA
content, Cabiddu et al. [26] 17 May study, Abbeddou et al. [27], where polyphenol-rich
olive leaves, which contains 2.25% of DM in phenolic content were included in the ewes’
diet, and the study by Huang et al. [39] where paulownia leaves silage was used as alfalfa
silage replacement in dairy cows’ diet which contains 0.36% of DM in phenolic content. The
most dominant phenolic acid in paulownia leaves silages as addressed by Huang et al. [39],
was phenylpropanoid glycosides meanwhile the most dominant phenolic acid in olives
leaves are secoiridoids, oleuropein specifically, as secoiridoids is a family compound that is
characteristic of Oleaceae plant [56].

Nevertheless, these reviews showed the potential of using polyphenol supplemen-
tation in animal feed to further improved production in dairy farm, especially in milk
fatty acid profile. The polyphenols contained in these three main categories of polyphenol
sources exhibits beneficial biological properties such as anti-oxidant and anti-microbial
activities that may contribute to the extension of milk shelf-life must not be disregard. The
enrichment of milk with polyphenol with anti-oxidant capacity would preserve milk fatty
acid from oxidative stress, as well as milk enriched with anti-microbial capacity would
preserve it from microbial deterioration that leads to an easily spoilt milk. Hence, the usage
of polyphenol as supplemental feed may serve as a valuable tool to improved milk quality
produced and must be exploited especially for the betterment of the animal well-being.

Overall, this review has demonstrated the different categories a polyphenol supple-
mentation may segregate into showed the impact polyphenol supplementation has made,
which is in in fatty acid content of milk. However, the current study contained potential
limitation such as the amount of study involved in milk MCFA is not as substantial as the
other four parameters (milk fat content, milk protein content, milk lactose content and milk
SFA content). Hence, the recommendation for future review is to incorporate more study
and may probably add other group of fatty acid should the need arise.

5. Conclusions

The current study shows milk fat, protein, and lactose content were unaffected by
polyphenol supplementation, overall. However, when polyphenol supplementation was
categorized into different sources (grain, forage, and agro-industrial by-product), the milk
protein content of the agro-industrial by-product group as well as the milk lactose content
of the grain group was significantly affected. Both SFA and MCFA content in milk, show a
significant difference in all three groups but not in the forage group of milk MCFA where
it is insignificant. In conclusion, milk protein content was affected by agro-industrial
by-product-sources polyphenols, milk lactose content was influenced by grain-sources
polyphenols, and both sources were impactful towards milk MCFA content. On the other
hand, milk SFA was affected by all three polyphenol sources, significantly.
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CSE
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SO0
DCP
SO0 + DCP2
SO1 + DCP1
SO1 + DCP2
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AM

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Saturated Fatty Acid

Medium-Chain Fatty Acid

Standard Mean Difference

Confidence Intervals

Forage to Concentrate Ratio

Total Mixed Ration

Partial Mixed Ration

Unfermented

Fermented

10 mL M. oleifera leaves extract

20 mL M. oleifera leaves extract

40 mL M. oleifera leaves extract

5% of whole sesame seed

10% of whole sesame seed

Lentil straw

Atriplex leaves

Olive leaves

Olive cake

Tomato pomace

Grape seed

Extruded linseed

Mixed of grape seed and extruded linseed
1.5% Ca salts of Fish Oil with 8.7% Pomegranate Peel
1.5% of Palmitic Acid-enriched Fat without Pomegranate Peel
1.5% Ca salts of Fish Oil without Pomegranate Peel
Pomegranate pulp silage

7.5% of Pomegranate pulp silage

15% of Pomegranate pulp silage

Fresh lemon pulp

9.01% of Fresh lemon pulp

15.7% of Fresh lemon pulp

Olive Crude Phenolic Concentrates

0.6% of Olive Crude Phenolic Concentrates
0.8% of Olive Crude Phenolic Concentrates
1.2% of Olive Crude Phenolic Concentrates
Alfalfa

Sainfoin

Birdsfoot Trefoil

Cumin Seed Extract

1.27% Cumin Seed Extract

2.53% Cumin Seed Extract

Without Soybean Oil

Dried Citrus Pulp

SO0 + 17.3% of DCP

17.3 g of soybean oil + 8.65% of DCP

17.3 g of soybean oil + 17.3% of DCP

Dry matter

Morning
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PM Afternoon
TAN Tannin
FO Flaxseed Oil
PBP Propolis-BasedProduct
PBP-E Propolis-BasedProduct and Vitamin E
BC-fm Chicory diet
BR-fm Ryegrass diet
WMM Whole Mango Meal
WMM33 33% Whole Mango Meal
WMM66 66% Whole Mango Meal
WMM100 100% Whole Mango Meal
MUFA Monounsaturated fatty acid
PUFA Polyunsaturated fatty acid
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