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gOIm;SPl?ﬁ‘dence Author Green coffee bean extract (GCBE), derived from raw and unroasted coffee fruits, is a major dietary source of
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potent polyphenols, primarily chlorogenic acids (CGAs), which provide an array of pharmacological and health
benefits due to their high natural antioxidant capacity. The aim of the paper is to determine the effect of feeding an
aqueous extract of green coffee bean powder on the lipid profile, which includes total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein
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! College of Veterinary cholesterol (VLDL-C), and triacylglycerols (TAG), and also to study its effect on the antioxidant status (GSH, SOD,
Medicine, University of and MDA) in female rabbits. The investigation was conducted on twenty healthy female rabbits, aged 4—6 months
Kerbala, and weighing approximately 1350-1500 g, which were randomly and equally allocated into two experimental

Karbala, 56001, Iraq groups: a control untreated group receiving a normal diet and water, and a treated group supplemented with the

2 College of Agriculture extract. The feeding experiment lasted for a period of two months, from December 1, 2024, to February 1, 2025.
University of ? The obtained results revealed that GCBE treatment significantly improved the enzymatic and non-enzymatic
Kerbala antioxidant defense systems, as evidenced by a substantial increase of 42.94 % in glutathione (GSH) levels and a
Karbala: 56001, Iraq 57.72 % elevation in superoxide dismutase (SOD) activity (p<0.05) in the green coffee extract-treated group
compared to the control untreated group. Concurrently, a significant 17.40 % reduction in malondialdehyde (MDA)
concentration (p<0.05) was observed in the treated group, indicating a notable decrease in lipid peroxidation and
systemic oxidative damage. On the other hand, regarding the serum lipid profile, GCBE consumption induced a
remarkable 89.49 % increase (p<0.05) in high-density lipoprotein cholesterol (HDL-C) levels within the treated
group compared to the control group, while the other atherogenic lipid parameters showed the exact opposite trend,
with significant drops in total cholesterol by 30.48 %, triglycerides by 38.14 %, low-density lipoprotein cholesterol
(LDL-C) by 43.81 %, and very low-density lipoprotein cholesterol (VLDL-C) by 53.05 %. In conclusion, the
administration of green coffee bean extract successfully mitigates oxidative stress, enhances antioxidant defense
status, and optimizes healthy cholesterol levels, displaying robust hypolipidemic and anti-atherogenic potential in
the female rabbit model.
Keywords: Green coffee, oxidative stress, lipid profile.

BnuiuB 3acToCyBaHHS €eKCTPAKTY 3eJI€HMX KABOBHUX 3epeH Ha Jinmiauuii npodiab ta
OKCHIATHBHHUI CTpPeC y CAMOK KPOJIiB

C. 1. Canix' | H. A. Anmskapamxi’ | C. P. Anp-Caeni' | P. ®@. Myca'

Excrpakr 3enennx kaBoBux 3epeH (E3K3), orpumanwmii i3 cupux i HEOOCMakEHHX IUIOJIB KaBH, € OCHOBHUM
JIETHYHAM JDKEpPEJIOM MOTY)KHUX MOMI(EHONIB, MePeBaYKHO XJIOPOTCHOBHUX KHCIOT, sKi 3a0e3MedyioTh HH3KY
(apmakonoriyHux eQeKTiB Ta mepeBar A 30pPOB’S 3aBASKU CBOIMl BHCOKIH HPHPOAHIN aHTHMOKCHUAAHTHIH
3gaTHOCTI. MeTor i€l poOOTH € BH3HAYCHHS BIUIMBY 3rOJOBYBAHHS BOJHOIO €KCTPAKTy IIOPOLIKY 3€JICHHX
KaBOBHX 3€PEH Ha JIiMiJHUH NpoQiib, KKl BKIIOYAE 3aTaIbHUN XOJIECTEPHH, XOJICCTEPHH JIIOMPOTEiHIB BUCOKOL

! ®akynbTeT BeTEpUHAPHOT
MEIUIUHN, YHIBEPCUTET
Kep6enu,

npoginiis Kep6ena, Ipak

2 CiIbChKOrOCIOAAPCHKHil LIJIBHOCTI, XOJIECTEPHH JIMONPOTETHIB HU3bKOI IIIILHOCTI, XOJECTEPHH JIMONPOTEIHIB y’Ke HU3bKOT IIIBHOCTI Ta
{axynbrer, YHiBEpCHTET TPHALMIIIILEPONIH, a TAKOXX BUBYEHHS HOTO BIUIMBY Ha aHTHOKCHIAHTHHMIT CTaTyC y caMOK KpouiB. JlocimiukeH s
KepGeiu, MPOBOJMIIH HA JBAALLITH 3M0POBHX CAaMKaX KPOJIB BikoM 4—6 MicswiB i Macoro Tiia mpubnusuo 13501500 r, sikux
nposinis Kep6eia, Ipak BUIAJKOBHM YMHOM PO3ZAUIMIM HAa IBi PiBHI eKCIEPUMEHTAlbHI IPyNH: KOHTPOJbHY HEOoOpoOIeHy Ipyly, sKa

OTpUMYyBaJIa 3BHYAIHUI paIioH i BOIY, Ta JOCTIIHY IPYILy, PaLioH sIKOI JOIIOBHIOBAJIM eKCTPaKkTOM. ExcriepumeHT
i3 TOJIiBJICIO TPUBAB MPOTATOM ABOX MiCsIIB, 3 1 rpyaHs 2024 poky 1o 1 motoro 2025 poky. OTpuMaHi pe3ynbraTi
nmokaszanu, mo 3actocyBaHHs E3K3 3HauHO mokpammino ¢epMeHTAaTHBHY Ta HE()EPMEHTATHBHY CHCTEMH
AHTHOKCHJIAHTHOTO 3aXHCTY, TIPO IO CBITYMTH ICTOTHE MiJBHUIICHHS PiBHA riyTaTioHy Ha 42,94 % Ta akTUBHOCTI
cynepokcuaaucmMyTasu Ha 57,72 % (p<0,05) y rpymi, 0 OTpHMyBana eKCTPAaKT 3eJCHOI KaBH, MOPIBHSHO 3
KOHTPOJIbHOIO Tpynoro. OMHOYAacCHO y JOCHAHIM Tpymi cHocrepiranocs 3Ha4YHE 3HWKEHHS KOHIEHTpalil
MarnoHgiansaerigy Ha 17,40 % (p<0,05) y mopiBHSIHHI 3 KOHTPOJIBHOIO IPYIIOIO, III0 BKA3y€ Ha OMiTHE 3MECHIICHHS
MePEKUCHOT0 OKUCHEHH JIMIIB Ta CHCTEMHOI'O OKCUIATHBHOT'O HOIIKO/DKEHHS. 3 HIIOro GOKY, MO0 JITiTHOTO
npodiaro cupoBaTKU KpoBi, cioxkuBaHHs E3K3 BUKIIMKaIO 3HaUHE MiJIBUILICHHS PiBHS XOJECTEPHHY JIIMONPOTETHIB
Bucokoi minsHocTi Ha 89,49 % (p<0.05) y mocmimHiil rpymi MOpiBHAHO 3 KOHTPOIBHOIO TPYIOIO, TOAL SIK iHII
aTEepOreHHI JIMIAHI MapaMeTpu JeMOHCTPYBAJIH aOCOJIOTHO MPOTHICKHY TEHACHLIIO 31 3HAYHUM 3HIDKCHHSIM
3arajbHOro Xonecreputy Ha 30,48 %, Tpurminepunis Ha 38,14 %, xoiaecTepuHy JTiHONPOTEIHIB HU3BKOI IIIIBHOCTI
Ha 43,81 % Ta XonecTepuHy JINONpOTeiHiB myxe HU3bKOI miimbHOCTI Ha 53,05 %. Ha 3aBepiueHHs, BBeICHHS
EKCTPaKTy 3eJICHUX KaBOBHX 3€PEH YCIILIHO 3HIKY€E OKCHIATHBHUI CTpeC, MiABHUIILYE CTATyC aHTHOKCHIAHTHOTO
3aXHCTy Ta ONTHUMI3y€ pIBEHb 3J0POBOTO XOJNECTEPUHY, BHSBIIOYM MNOTYKHHH TilNOMIMIAEMIYHHNA Ta
AHTHATEPOTCHHUH MOTEHIIIal HA MOJIENIi CAaMOK KPOJIiB.
KurouoBi ci1oBa: 3ejeHa KaBa, OKCHIaTHBHHUM CTPEC, JIITIAHKNA TIPOQisib.
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Introduction

Coffee is a major agricultural export product as well
as one of the most important beverage crops in the world;
it is the second-most commonly traded commodity in the
world, following oil [1]. Green coffee refers to unroasted,
raw and unprocessed coffee fruit [2]. Green coffee has
previously been hypothesized to have good benefits on
health [3].

The chemical structure of green coffee from different
geographical origins is characterised by the presence of
phenolic acids (caffeic acid and chlorogenic acids) and
alkaloids (caffeine) [4]. Chlorogenic acids are esters of
trans-cinnamic acids that are dramatically reduced in
green coffees throughout the roasting process. Green
coffee has the highest antioxidant activity (AA) and has
been claimed to be the primary and natural source of
antioxidants [5]. Its total antioxidant value ranges from
0.15-0.30 mg/g. Antioxidants are required for a variety of
bioactivities in the human body. Many researchers
indicated that coffee extracts displayed a variety of
essential  biological actions, including antiviral,
antibacterial, antioxidant, anti-inflammatory, and free
radical scavenging [6].

Green coffee beans have more chlorogenic acid than
conventional roasted coffee beans, which offers several
health benefits; decaffeinated coffee enriched with
chlorogenic acid elevates a person's conduct and attention.
CGA and related chemicals help to increase fat
metabolism in the liver. It also alters lipid metabolism and
glucose in both healthy individuals and those with
genetically metabolic-related diseases [7-9].

Genetics, lifestyle, and diet all have an impact on one's
lipid profile [10]. Despite being controllable,
dyslipidemia is a leading risk factor for cardiovascular
diseases like coronary heart disease and metabolic
syndrome [11, 12]. Today, the initial and preventive
treatment of dyslipidemia involves modifications to one's
diet and lifestyle, as well as medication [13].

Green coffee bean extract is a supplement that
is derived from fresh coffee beans that have not undergone
fermentation or roasting. It is reported to provide
several health benefits [14—16]. GCBE contains caffeine
and chlorogenic acid, which may explain some of its
therapeutic benefits [17]. The influence of GCBE
supplementation on the lipid profile is still unclear.
A recent clinical study found that GCBE supplementation
reduced low-density lipoprotein cholesterol (LDL-C),
serum total cholesterol (TC), and plasma free fatty acids
in obese women [18]. In comparison, other studies
have failed to show an improvement in lipid
parameters measured in the blood after treatment
with GCBE [19, 20].

Coffee is an excellent dietary source of antioxidants
due to its high concentration of polyphenols known
as chlorogenic acids, and its consumption has been linked
to increased plasma antioxidant capacity [21].
Polyphenols are the most prevalent antioxidants in our
diet [22]. Chlorogenic acids are found in many plants;
chlorogenic acids are esters of cinnamic acids and quinic
acid [23]. Green coffee beans are the principal sources of
chlorogenic acids (CGAs), because a significant amount of

CGAs are lost during the roasting process of coffee [24].
The 5-caffeoylquinic acid is the most abundant CGA ester
in the green coffee bean [25].

It has been reported that CGAs possess anti-
inflammatory, anti-oxidative, anti-diabetes, anti-obesity,
anti-hypertensive, and anti-lipidemic properties [26].
Many studies have shown that CGAs can reduce
oxidative stress, as demonstrated by reducing
malondialdehyde [27, 28] or concentrations of oxidized
low-density lipoprotein [27, 29] and improving the overall
antioxidant capability [30] of plasma [31].

The aim of the study

The aim of the paper is to determine the effect of
feeding an aqueous extract of green coffee bean
powder on the lipid profile, which includes
total cholesterol, high-density lipoprotein cholesterol,
low-density  lipoprotein  cholesterol, very low-
density lipoprotein cholesterol, and triacylglycerols, and
also to study its effect on the antioxidant status in female
rabbits.

Materials and methods

Animal of the Study

The investigation was conducted over a two-month
period, beginning on December 1, 2024, and ending on
February 1, 2025. Twenty female rabbits (weighing
approximately 1350—1500 g) were housed in the animal
house at the Faculty of Veterinary Medicine, University
of Kerbala. The environmental conditions were
maintained at 22-24 °C with a 12-hour light/dark cycle.
The rabbits were acclimatized in the animal house for two
weeks before the beginning of the research. The animals
were fed a diet of freshly prepared food pellets and
vegetables obtained from local markets, with water
provided ad libitum.

Materials and Green Coffee Extract Preparation

The green coffee utilized in the experiment
originated from Brazil. To prepare the aqueous solutions,
the beans were ground into a fine powder using an
electrical mixer. The obtained powder was extracted using
water at 70 °C for 20 minutes, in accordance with the
traditional Arabian method of preparing coffee. After that,
the extract was filtered and lyophilized to remove any
remaining traces of water. The ultimate physical form of
the extract was a green powder. The extract was
designated as green coffee water extract (GCWE) and was
dissolved in distilled water at a concentration of
100 mg/ml [32].

Experimental Design

Twenty female rabbits were randomly allocated
into two equal groups (10 rabbits each). Group 1 served
as the control group, receiving only a normal diet
and water, whereas Group 2 received the normal diet and
water supplemented with the green coffee extract. The
experiment lasted for two months. At the end of the
experimental period, blood samples were gathered
without sacrificing the animals via cardiac puncture.
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Blood Collection

The animals were anesthetized with intramuscular
injections of ketamine (90 mg/kg) and xylazine (40 mg/kg).
Blood samples were collected after two months of the
experiment using a 5 ml disposable syringe. The samples
were placed in serum tubes for 30 minutes before undergoing
centrifugation at 3000 rpm for 10 minutes. The separated
serum was then transferred to Eppendorf tubes and stored
frozen at -20 °C until biochemical examinations were
performed. The tubes were stored at 4 °C until they were
subjected to biochemical analysis.

Statistical Analysis

The data were statistically evaluated using an
independent two-sample t-test with a computer-based
statistical program (SPSS, version 22 for Windows).
P-values < 0.05 were considered to indicate statistically
significant differences.

Results and discussion

Lipid profile results

The assessment of the serum lipid profile parameters
in female rabbits after a two-month experimental period
revealed notable changes following the administration of
green coffee bean extract, as summarized in Table 1.

Table 1
Effect of green coffee bean extract (GCBE) on the serum
lipid profile of female rabbits (Mean + S.D., n = 10)

Parameter, mg/dl Control Group GCBE-Treated Group

Total Cholesterol 79.83+6.94 55.50£11.05*
Serum Triglycerides 98.33+6.80 60.83+8.18*
HDL Cholesterol 8.47+1.69 16.05+2.55%
LDL Cholesterol 40.33+8.01 22.66+3.66*
Very Low Density 18.38+6.00 8.63+2.36*
Lipoprotein

Note: Asterisks (*) indicate statistically significant differences compared
with the control group (p<0.05).

In this investigation, we found that GCBE treatment
decreased total serum cholesterol, triglycerides, LDL
cholesterol, and VLDL-cholesterol levels significantly in the
GCBE-treated group when compared with the control
untreated group. Specifically, the administration of green
coffee bean extract led to a substantial reduction in total
cholesterol by 30.48 % and serum triglycerides by 38.14 %.
The most pronounced hypolipidemic effects were observed
in the atherogenic lipoprotein fractions, where LDL
cholesterol and VLDL-cholesterol levels dropped by
43.81 % and 53.05 %, respectively. Conversely, the level of
anti-atherogenic HDL-cholesterol increased significantly in
the GCBE group, showing a remarkable elevation of
89.49 % when compared with the control untreated group.
These percentage alterations demonstrate that GCBE
supplementation exerts a robust modulating effect on lipid
metabolism, shifting the lipid profile toward a significantly
less atherogenic state.

Oxidative stress results
The evaluation of oxidative stress biomarkers and
antioxidant enzyme activities in female rabbits after a

two-month experimental period demonstrated significant
alterations following the administration of green coffee
bean extract, as summarized in Table 2.

Table 2

Effect of green coffee bean extract (GCBE) on the serum
oxidative stress parameters of female rabbits (Mean +
S.D.,n=10)

Parameter, Units Control Group GCBE-Treated Group

GSH, pg/l 5.10+1.46 729+1.13%
MDA, nmol/ml 26.2143.35 21.65%2.89*
SOD, pg/l 4.471.15 7.05+1.18*

Note: Asterisks (*) indicate statistically significant differences compared
with the control group (p<0.05).

In this investigation, the results of oxidative stress
showed a significant increase in GSH and SOD levels in
the GCBE-treated group when compared with the control
group, while the MDA results showed the opposite trend
between the same groups. Specifically, GCBE
administration enhanced the enzymatic antioxidant
defense system, resulting in a 57.72 % elevation in SOD
activity and a 42.94 % increase in non-enzymatic GSH
levels. Concurrently, the treatment successfully mitigated
lipid peroxidation, as evidenced by a significant 17.40 %
reduction in serum MDA concentrations compared to the
untreated control group. These percentage variations
strongly indicate that green coffee bean extract possesses
potent antioxidant capabilities, effectively scavenging
free radicals and reducing systemic oxidative stress in
experimental animals.

Antioxidant-rich meals have been shown to reduce
blood cholesterol, triglyceride, and low-density
lipoprotein levels [33]. In this research, we found that
administering the green coffee bean extract to female
rabbits reduced total serum cholesterol, triglycerides, low-
density lipoprotein cholesterol (LDL-C), and very low-
density lipoprotein cholesterol (VLDL-C) levels
considerably when compared to the control untreated
group. Green coffee bean extract (GCBE) contains
chlorogenic acid (CGA), which is a strong antioxidant.
Green coffee contains CGA as an active chemical that has
been shown to increase metabolic rate [34], increase the
oxidation of fatty acids [34, 35], and reduce hepatic
triglycerides [36] and levels of total cholesterol [37].
Aside from CGA, coffee contains polyphenols
that possess the ability to decrease visceral fat
accumulation [38].

In this investigation, we also found that GCBE has a
favorable influence on serum HDL levels. Serum HDL
levels increased in the GCBE-treated groups compared to
the control group. This outcome is consistent with a prior
study by Salamat et al. (2018), which showed that GCBE
supplementation caused a significant increase in HDL-C
in adult men with dyslipidemia who took 800 mg/day of
green coffee extract for 8 weeks [20]. However, this
finding is in disagreement with Wan et al. (2013), where
28 days of green coffee extract intake at a dose of 40
mg/kg/day lowered high-density lipoprotein levels in
male rats, an effect that may be explained by the
regulation of PPAR-a expression in the liver [39].
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The discrepancy between trials may be attributable to
the preparation method of the administered coffee,
which should be noted due to the differences in
caffeine and phenolic content among coffee brews.
The Ilatter is attributed to the coffee-to-water
ratio, brewing temperature, cup capacity, and degree of
roasting [40]. These findings could also be clarified by
the notion that CGA exclusively works through the pro-
atherogenic pathway of cholesterol metabolism.
Furthermore, a clinical study conducted on obese women
between the ages of 20 and 45 showed that
GCBE combined with a calorie-restricted diet had an
effect on lipid metabolism by causing notable changes in
blood levels of low-density lipoprotein, free fatty acids,
and total cholesterol [18].

Additionally, Tanaka et al. (2009) found that
green coffee bean extract contains a significant
amount of chlorogenic acid, which reduces LDL-C,
triglyceride, and total cholesterol levels in the liver and
serum [41]. The effect of chlorogenic acid in lowering
blood lipids is linked to preventing the liver's synthesis,
transport, and intestinal absorption of lipids and
cholesterol [42]. On the other hand, one of the metabolic
effects of chlorogenic acid, present in green coffee, is the
suppression of lipogenesis and the amplification of
lipolysis [41].

Oxidative stress is usually quantified by comparing
oxidative stress markers, such as glutathione (GSH),
malondialdehyde (MDA), and superoxide dismutase
(SOD), against the formation of free radicals;
by monitoring these parameters, the level of oxidative
stress in the body can be calculated. In the present
study, levels of GSH (5.10 pg/l in control vs. 7.29 pg/l in
treated) and SOD (4.47 pg/l in control vs. 7.05 pg/l
in treated) were significantly (p<0.05) increased
in the GCBE-treated group compared to the control
group, suggesting that the animals' antioxidant defense
status had improved. Conversely, MDA levels were
greater in the control group (26.21 nmol/ml) compared to
the GCBE group (21.65 nmol/ml), indicating a decrease
in lipid peroxidation and a reduction in systemic oxidative
stress.

Scientists have become increasingly interested in
polyphenol-rich foods because of their antioxidant
qualities [43]. Polyphenols (natural compounds), which
are present in fruits, vegetables, nuts, and plants, possess
potent antioxidant properties and shield the body from
oxidative damage. Thus, polyphenols act as therapeutic
compounds against oxidative stress [44]. Chlorogenic
acid (CGA) is a polyphenol often found in human foods,
particularly green coffee beans. CGA promotes
endogenous antioxidant mechanisms, which guard against
and scavenge free radicals. By encouraging Nrf2 to
translocate from the cytosol to the nucleus, it activates sets
of antioxidant genes that protect cells from harm.
Numerous studies have shown that in sophisticated
animal models of a range of chronic and metabolic
diseases, CGA supplementation improves the treatment of
oxidative damage and free radical generation. Molecular
simulations have provided evidence for chlorogenic acid's
significant antioxidant action and hydrogen-donating
characteristics [45].

Conclusions

Our findings revealed that green coffee bean extract
(GCBE) significantly improves the serum lipid profile
and reduces systemic oxidative stress levels in female
rabbits  (p<0.05).  Specifically, a  two-month
administration of GCBE led to a substantial reduction in
atherogenic lipid fractions (total cholesterol, triglycerides,
LDL-C, and VLDL-C) by 30.48-53.05%, while
remarkably elevating anti-atherogenic HDL-C levels by
89.49 %. Furthermore, the extract effectively enhanced
the antioxidant defense system, increasing SOD and GSH
levels by 57.72% and 42.94 % respectively, and
mitigated lipid peroxidation by decreasing MDA
concentrations by 17.40 %. These results add robust
scientific evidence supporting the therapeutic potential of
GCBE to enhance metabolic health, successfully manage
hyperlipidemia, and alleviate oxidative damage.
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