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�(FFL�#PY��$JUSVT�	1PMZ
QIFOPMT�BOE�(MVDPTF�.FUBCPMJTN
We love (poly)phenols. And we have, in previous Geek Box’s, discussed their effects on neurological 
processes and on cardiovascular processes, with a focus on their influence on blood flow and blood 
pressure. However, (poly)phenols also appear to influence carbohydrate digestion and absorption, 
thus potentially influencing the rate of glucose appearance in the blood [which, in turn, would 
influence insulin responses]. But recall that each flavonoid subclass behaves somewhat differently, 
and citrus flavonoids may influence glucose metabolism through other pathways. Animal studies 
have shown that two citrus flavonoids, hesperidin and naringin, upregulate the GLUT4 transporter 
that is responsible for bringing glucose into a cell and out of circulation. This appears to be through 
influencing pathways associated with liver glucose regulation. Also recall that, in the fasted state, 
the liver is the primary site of glucose production, while in the postprandial period liver glucose 
production is suppressed in order to process the glucose arriving from the meal. This is what 
occurs in healthy individuals; in individuals with visceral fat/liver fat and higher adiposity, the liver 
continues to produce glucose, and this adds to the state of elevated postprandial glucose levels, 
strain on insulin, and impaired glucose tolerance. It appears that citrus flavonoids may act by 
influencing liver glucose production. Specifically, citrus flavonoids in animal models upregulate 
the glucokinase enzymes which result in liver glucose being stored as glycogen. Citrus flavonoids 
have also been shown to suppress other pathways associated with production of glucose in the 
liver. Finally, similar to other flavonoid compounds, there is also mechanistic evidence that citrus 
flavonoids may inhibit digestion and absorption of glucose. Thus, it may be that citrus flavonoids 
influence postprandial glucose metabolism through a number of potential mechanisms: inhibition 
of intestinal glucose transport; upregulation of glucose uptake into cells from the blood; suppression 
of liver glucose production and increased storage of glucose in the liver. The liver mechanisms are 
similar to the diabetes class of drugs known as thiazolidinediones.

5IF�4UVEZ�
5IF�JOUFSWFOUJPO�XBT�EFTJHOFE�UP�UFTU�UIF�FFDUT�PG�PSBOHF�KVJDF�PO�QPTUQSBOEJBM�NFUBCPMJTN�JO�CPUI�MFBO�JOEJWJEVBMT�BOE�JOEJWJEVBMT�XJUI�PCFTJUZ�����<���MFBO�QBSUJDJQBOUT�BOE����QBSUJDJQBOUT�XJUI�PCFTJUZ>�QBSUJDJQBOUT�DPNQMFUFE���TFQBSBUF�JOUFSWFOUJPOT�
�• 'SFTI�PSBOHF�KVJDF�<'0+>
�• 1SPDFTTFE�<OPO�GSPN�DPODFOUSBUF>�PSBOHF�KVJDF�<10+>
�• 1MBDFCP�DPOUSPM

5IF�QMBDFCP�XBT�NBUDIFE�GPS�TVHBS�BOE�BDJE�DPOUFOU�PG�UIF�PSBOHF�KVJDFT�BOE�XBT�DPMPVSFE�BOE�BWPVSFE�UP�NBUDIFE�UIF�BQQFBSBODF�PG�UIF�PSBOHF�KVJDFT��1BSUJDJQBOUT�XFSF�QSPWJEFE�XJUI��NM�LH�PG�FBDI�ESJOL�<F�H�����NM�GPS�B���LH�QFSTPO>�BOE�FBDI�QBSUJDJQBOU�DPNQMFUFE�BMM�UISFF�QIBTFT�PG�UIF�TUVEZ��&BDI�QIBTF�XBT�TFQBSBUFE�CZ�B���XFFL�XBTIPVU�QFSJPE��
'PS�FBDI�TUVEZ�QIBTF�QBSUJDJQBOUT�DPOTVNFE�UIF�ESJOL�XJUIJO���NJOT�XIJDI�XBT�GPMMPXFE�CZ�B� TUBOEBSEJTFE�CSFBLGBTU� ��NJO� MBUFS�XIJDI�XBT�EFTJHOFE� UP�CF� GSFF� GSPN�BWPOPJET��#MPPE�TBNQMFT�XFSF� UBLFO� JNNFEJBUFMZ� CFGPSF� UIF� ESJOLT�XFSF� DPOTVNFE� BOE� UIFO� BU� GPVS� UJNF�QPJOUT�BDSPTT��IST�QPTUQSBOEJBM��
5IF� QSJNBSZ� PVUDPNFT� XFSF� HMVDPTF� BOE� JOTVMJO� SFTQPOTFT� PWFS� �IST� GPMMPXJOH� FBDI� ESJOL��4FDPOEBSZ�PVUDPNFT�JODMVEFE�BOUJPYJEBOU�BDUJWJUZ�BOE�BQQFUJUF��
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3FTVMUT��1SPDFTTJOH�JOVFODFE�UIF�DPNQPTJUJPOT�PG�UIF�'0+�BOE�10+��5IF�'0+�IBE�����IJHIFS�WJUBNJO�$�<BTDPSCJD�BDJE>� MFWFMT�BOE�����IJHIFS�BWPOFT�DPNQBSFE�UP�10+��$POWFSTFMZ� UIF�10+�IBE���GPME�BOE�����GPME�IJHIFS�MFWFMT�PG�IFTQFSJEJO�BOE�OBSJSVUJO�SFTQFDUJWFMZ��%BUB�XBT�BOBMZTFE�TFQBSBUFMZ�GSPN�MFBO�QBSUJDJQBOUT�BOE�QBSUJDJQBOUT�XJUI�PCFTJUZ�
Lean Participants: 

• Glucose/Insulin: $PNQBSFE� UP� UIF� QMBDFCP� DPOUSPM� UIF� CMPPE� HMVDPTF� SFTQPOTF� PWFS��IST�XBT�����MPXFS�BGUFS�'0+�BOE����MPXFS�BGUFS�10+��*OTVMJO�MFWFMT�XFSF�����MPXFS�BGUFS�UIF�'0+�BOE�����MPXFS�BGUFS�UIF�10+��
• Antioxidant Activity:� -JQJE� QFSPYJEBUJPO� <NPSF� VOEFS� *OUFSFTUJOH� 'JOEJOH� CFMPX>�XBT�SFEVDFE�CZ�����GPMMPXJOH�'0+�BOE�����GPMMPXJOH�10+�DPNQBSFE�UP�GBTUJOH�MFWFMT��
• Food Intake:�'PMMPXJOH� UIF�QMBDFCP�DPOUSPM�ESJOL�QBSUJDJQBOUT�DPOTVNFE����LDBM�BOE����LDBM�NPSF�BU�MVODI�DPNQBSFE�UP�BGUFS�UIF�'0+�BOE�10+�SFTQFDUJWFMZ��
Participants with Obesity: 

• Glucose/Insulin: $PNQBSFE� UP� UIF�QMBDFCP�DPOUSPM�QPTUQSBOEJBM�HMVDPTF�XBT����BOE����MPXFS�GPMMPXJOH�UIF�'0+�BOE�10+�SFTQFDUJWFMZ��*OTVMJO�MFWFMT�XFSF�����MPXFS�BGUFS�UIF�'0+�BOE�����MPXFS�BGUFS�UIF�10+�
• Antioxidant Activity:� -JQJE� QFSPYJEBUJPO� <NPSF� VOEFS� *OUFSFTUJOH� 'JOEJOH� CFMPX>�XBT�SFEVDFE�CZ�����GPMMPXJOH�'0+�BOE�����GPMMPXJOH�10+�DPNQBSFE�UP�GBTUJOH�MFWFMT��
• Food Intake:�'PMMPXJOH� UIF�QMBDFCP�DPOUSPM�ESJOL�QBSUJDJQBOUT�DPOTVNFE����LDBM�BOE����LDBM�NPSF�BU�MVODI�DPNQBSFE�UP�BGUFS�UIF�'0+�BOE�10+�SFTQFDUJWFMZ�BOE����LDBM�BOE����LDBM�NPSF�BU�EJOOFS�DPNQBSFE�UP�BGUFS�UIF�'0+�BOE�10+�SFTQFDUJWFMZ��
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Figure from the paper illustrating the glucose [top] and insulin [bottom] responses over 5hrs in lean participants [left] and participants 
with obesity [right]. The control group is the solid black line; the FOJ is the long-dashed black line, and the POJ is the short-dashed black 

line. In the lean participants, a clear difference can be observed following both FOJ and POJ compared to the sugar/acid-matched placebo 
control drink. What is most striking about the effects of the orange juices is the difference is the magnitude of the blood glucose and 

insulin responses over the early [0-100min] postprandial period. In relation to insulin in lean participants, this remains elevated over the 
orange juices even beyond 100min. In participants with obesity, while the total 5hr area-under-the-curve for glucose was not significantly 

different, there was a significant difference after 60min with both the FOJ and POJ lower than the placebo. Interestingly, it was the POJ 
which resulted in lower overall insulin levels in participants with obesity.
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5IF�$SJUJDBM�#SFBLEPXO
1SPT�� 5IF� SFTFBSDI� RVFTUJPO� XBT� DMFBSMZ� GPDVTFE� BOE� BEESFTTFE� XJUI� UIF� QSJNBSZ� BOE�TFDPOEBSZ�PVUDPNFT�DMFBSMZ�TUBUFE��"O�BQQSPQSJBUF�QMBDFCP�DPOUSPM�IBT�CFFO�B�NFUIPEPMPHJDBM�DIBMMFOHF�GPS�BMM�	QPMZ
QIFOPM�JOUFSWFOUJPO�TUVEJFT�BOE�UIF�QMBDFCP�JO�UIJT�TUVEZ�XBT�NBUDIFE�GPS�CPUI�TVHBST�BOE�BDJET�XJUI�UIF�PSBOHF�KVJDFT�<NPSF�VOEFS�Key Characteristic�CFMPX>��5IF�QBSUJDJQBOUT�XFSF�CBMBODFE�GPS�TFY�BOE�#.*�XJUI�FRVBM�OVNCFST�PG�CPUI�JO�UIF�TUVEZ�DPIPSU��5IF� SFRVJSFE�TBNQMF� TJ[F�XBT����QFS�HSPVQ� UIVT� UIF� TUVEZ�IBE�BEFRVBUF� TUBUJTUJDBM�QPXFS�<XJUI����JO�CPUI�MFBO�BOE�PCFTF�HSPVQT>��5IF���EBZ�XBTIPVU�CFUXFFO�FBDI�UFTU�EBZ�XPVME�CF�FYQFDUFE�UP�FOTVSF�OP�DBSSZPWFS�FFDUT�PG�UIF�QSFDFEJOH�JOUFSWFOUJPO�
$POT��5IF�EFTJHO�PG�UIF�TUVEZ�IBT�TPNF�RVFTUJPOBCMF�FYFDVUJPO��'PS�FYBNQMF�UIF�QBSUJDJQBOUT�XFSF�OPU�SBOEPNJTFE�UP�HSPVQT�CFDBVTF�UIFZ�XFSF�BMMPDBUFE�UP�B�HSPVQ�CBTFE�PO�UIFJS�#.*��5IF�QBQFS�TUBUFT� UIBU� UIF�PSEFS�PG� UIF� JOUFSWFOUJPO�XBT�'0+�10+�1MBDFCP� UIFO�TUBUFT� UIBU�UIF�STU�QIBTF�<'0+>�XBT�OPU�SBOEPNJTFE�CVU�UIF�PUIFS�QIBTFT�XFSF�SBOEPNJTFE��#VU�IPX �5IFZ�IBWF�BMSFBEZ�BTTJHOFE�QBSUJDJQBOUT�UP�HSPVQT�CBTFE�PO�#.*�TP�UIF�POMZ�BTQFDU�PG� UIF�EFTJHO�UIBU�DPVME�CF�SBOEPNJTFE�XPVME�CF�UIF�PSEFS�PG�UIF�QIBTFT�CVU�UIJT�JT�VODMFBS�JO�UIF�QBQFS��5IF�TVCTFRVFOU�EJFUBSZ�JOUBLF�PWFS�UIF�EBZ�XBT�TFMG�SFQPSUFE�CVU�XF�EPOU�LOPX�XIBU�UIF�QBSUJDJQBOUT�BUF�<J�F��EJE�UIFZ�SFNBJO�JO�UIF�GBDJMJUZ >�BOE�XIFUIFS�UIFJS�TFMG�TFMFDUJPO�PG�EJFSFOU�GPPET�NBZ�IBWF�JOVFODFE�FOFSHZ�JOUBLF��5IF�SFQPSUJOH�JO�UIF�QBQFS�BMTP�MFBWFT�B�MPU�UP�CF�EFTJSFE�XJUI�LFZ�SBX�EBUB�OPU�QSFTFOUFE�<J�F��MJQJE�QFSPYJEBUJPO>�BOE�MFBWJOH�DBMDVMBUJPOT�PG�EJFSFODFT�UP�UIF�SFBEFS��

,FZ�$IBSBDUFSJTUJD
%FTQJUF�UIF�BXT�PG�UIF�TUVEZ�JO�GBDUPST�MJLF�SBOEPNJTBUJPO�BOE�SFQPSUJOH�UIF�POF�BTQFDU�PG�UIF�EFTJHO�UIF�SFTFBSDIFST�EFTFSWF�DSFEJU�GPS�JT�GPSNVMBUJOH�B�QMBDFCP�DPOUSPM�UIBU�XBT�NBUDIFE�GPS�TVHBST�BDJET�BOE�BQQFBSBODF�BOE�BWPVS��5IJT�IBT�CFFO�B�DIBMMFOHF�JO�SFTFBSDI�PO�FFDUT�PG�BWPOPJET�UP�UFBTF�PVU�UIF�JOEFQFOEFOU�FFDUT�PG�UIF�BWPOPJE�DPNQPVOET�UIFNTFMWFT�GSPN�PUIFS�DIBSBDUFSJTUJDT�PG�UIF�GPPE�ESJOL�
'PS�FYBNQMF�BO�JOUFSWFOUJPO�PO�UIF�FFDUT�PG�BWPOPJET�PO�DPHOJUJWF�GVODUJPO�GBJMFE�UP�NBUDI�UIF�JOUFSWFOUJPO�BOE�QMBDFCP�GPS�TVHBS�BOE�HMVDPTF�DPVME�IBWF�JOVFODFE�QFSGPSNBODF�PO�DPHOJUJWF�UFTUT�	�
��.PSF�JNQPSUBOUMZ�GPS�UIF�QSFTFOU�TUVEZ�IPXFWFS�JT�UIF�GBDU�UIBU�BWPOPJET�NBZ�UIFNTFMWFT� JOVFODF�TVHBS�NFUBCPMJTN�	�
��8IFSF�UIF�TVHBS�DPOUFOU�PG�FBDI�ESJOL�XBT�NBUDIFE�JO�UIF�QSFTFOU�TUVEZ�JU�JOEJDBUFT�UIBU�UIF�SFTVMUT�BSF�NPSF�EFNPOTUSBCMF�PG�FFDU�PG�UIF�PUIFS�DPNQPVOET�JO�PSBOHF�KVJDF�JODMVEJOH�DJUSVT�BWPOPJET�CVU�BMTP�QFDUJO�BOE�BTDPSCJD�BDJE�<WJUBNJO�$>��
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*OUFSFTUJOH�'JOEJOH
5IF�MJQJE�QFSPYJEBUJPO�OEJOH�JT� JOUFSFTUJOH�CVU�BMTP�BO�FYBNQMF�PG�XIFSF�NFUIPE�NBUUFST��-JQJE�QFSPYJEBUJPO�JT�UIF�QSPDFTT�PG�GBUT�<MJQJET>�VOEFSHPJOH�PYJEBUJPO�CZ�GSFF�SBEJDBMT�DSFBUJOH�EBNBHFE� MJQJE� QSPEVDUT� UIBU� DBO� JO� UVSO� EBNBHF� DFMMT� JO� UIF� CPEZ�� *U� JT� B� QSPDFTT� UIBU� JT�JNQPSUBOU�GPS�DBSEJPWBTDVMBS�EJTFBTF�BOE�NFUBCPMJD�IFBMUI�BOE�UIFSF�BSF�B�OVNCFS�PG�EJFUBSZ�DPNQPVOET�UIBU�BSF�JNQPSUBOU�UP�QSPUFDUJOH�BHBJOTU�UIJT�QSPDFTT�TQFDJDBMMZ�WJUBNJOT�&�BOE�$�BOE�BMTP�	QPMZ
QIFOPMT��

4P� BU� STU� HMBODF� UIF� OEJOHT� PG� ������� MPXFS� MJQJE� QFSPYJEBUJPO� GSPN� UIF� '0+� BOE� 10+� JO�CPUI� MFBO�QBSUJDJQBOUT�BOE�QBSUJDJQBOUT�XJUI�PCFTJUZ� TFFNT�RVJUF�QSPOPVODFE�BOE�B�OEJOH�UP�FNQIBTJTF��)PXFWFS�BOE�DSFEJU� UP�UIF�BVUIPST� GPS�BDLOPXMFEHJOH�UIJT� JO�UIFJS� MJNJUBUJPOT�JO�UIJT�TUVEZ� MJQJE�QFSPYJEBUJPO�XBT�NFBTVSFE�VTJOH�B� MBCPSBUPSZ�UFDIOJRVF�LOPXO�BT�5#"34�<UIJPCBSCJUVSJD�BDJE�SFBDUJWF�TVCTUBODFT>��
5IF� QSPCMFN� JT� UIBU� 5#"34� JT� B� non-specific� NFBTVSF� PG� MJQJE� QFSPYJEBUJPO� NBZ� NFBTVSF�QSPEVDUT�PUIFS�UIBO�MJQJE�QFSPYJEBUJPO�BOE�NBZ�CF�FMFWBUFE�XJUIPVU�DPODPNJUBOU�FMFWBUJPOT�JO�NBSLFST�PG�PYJEBUJWF�TUSFTT�	�
��"�NPSF�BDDVSBUF�XBZ�UP�EJSFDUMZ�NFBTVSF�PYJEBUJWF�TUSFTT�JT�CZ�NFBTVSJOH�JTPQSPTUBOFT�	�
��4P�XIJMF�UIF�OEJOHT�JO�UIF�QSFTFOU�TUVEZ�GPS�MJQJE�QFSPYJEBUJPO�BSF�JOUFSFTUJOH�XF�XPVME�XBOU�UP�TFF�UIFN�SFQMJDBUFE�JO�B�TUVEZ�UIBU�NFBTVSFT�MJQJE�QFSPYJEBUJPO�VTJOH�JTPQSPTUBOF�NBSLFST��

Figure from the paper illustrating the differences in lipid peroxidation when 
compared to fasting in both lean [left bar chart] and obese [right bar chart] 

participants. Lipid peroxidation was compared to fasting levels for both the FOJ, POJ, 
and placebo. Both orange juices, compared to fasting and also compared to the 

placebo, showed significantly lower levels of lipid peroxidation in this analysis.
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3FMFWBODF
5IF�JTTVFT�XJUI�SFHBSE�UP�SBOEPNJTBUJPO�BOE�BMMPDBUJPO�NFBO�UIBU�UIF�QPUFOUJBM�GPS�CJBT�JO�UIF�QSFTFOU�TUVEZ�DBOOPU�CF�SVMFE�PVU�FOUJSFMZ�XIJDI�JT�B�TIBNF�HJWFO�UIFJS�QSPWJTJPO�PG�BO�BQQSPQSJBUF�QMBDFCP�GPS�UIF�UXP�PSBOHF�KVJDF�JOUFSWFOUJPOT��/FWFSUIFMFTT�UIF�OEJOHT�BSF�JOUFSFTUJOH�JOTPGBS�BT�UIFZ�QVSQPSU�UP�EFNPOTUSBUF�BO�FFDU�PG�UIF�PSBOHF�KVJDFT�UIBU�JT�JOEFQFOEFOU�PG�UIFJS�TVHBS�BOE�BDJE�DPOUFOU��
*U�JT�JNQPSUBOU�UP�OPUF�IPXFWFS�UIBU�UIF�PSBOHF�KVJDFT�UIFNTFMWFT�EJFSFE�EVF�UP�UIFJS�SFTQFDUJWF�QSPDFTTJOH�NFUIPET��5IF�'0+�XBT�TRVFF[FE�GSPN�XIPMF�PSBOHFT�CZ�UIF�SFTFBSDI�UFBN�PO�UIF�NPSOJOH�PG�UIF�JOUFSWFOUJPO�XIJMF�UIF�10+�XBT�B�OPO�GSPN�DPODFOUSBUF�DPNNFSDJBMMZ�BWBJMBCMF�PSBOHF�KVJDF��5IFTF�SFTVMUFE�JO�LFZ�EJFSFODFT�XJUI�UIF�BTDPSCJD�BDJE�<WJUBNJO�$>�BOE�BWPOF�DPOUFOU�PG�'0+�IJHIFS�UIBO�10+�XIJMF�UIF�10+�XBT�IJHIFS�JO�IFTQFSJEJO�BOE�OBSJSVUJO��
*O�SFMBUJPO�UP�QPTUQSBOEJBM�HMVDPTF�IPXFWFS�UIJT�BQQFBST�UP�IBWF�SFTVMUFE�JO�MJUUMF�TJHOJDBOU�EJFSFODF� CFUXFFO� '0+� BOE� 10+� BMUIPVHI� UJQQFE� UPXBSE� UIF� '0+� IBWJOH� B� MPXFS� PWFSBMM�QPTUQSBOEJBM� HMVDPTF� SFTQPOTF� JO� MFBO� QBSUJDJQBOUT�� (JWFO� UIBU� BOJNBM� BOE� FYQFSJNFOUBM�TUVEJFT�TIPX�B�TQFDJD�FFDU�PG�IFTQFSJEJO�BOE�OBSJSVUJO�PO�HMVDPTF�NFUBCPMJTN�	�
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